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PREFACE

OwING mainly to the systematic work of the Meteorological
Department, established by the Government of India in
1875, we now possess a far Dletter knowledge of the
weather and climate of India than of those of any other
tropical country, and, in some respects, better than of those
of many parts of Kurope; thanks to the greater simplicity
of the processes concerned, and to the prominence and
regular recurgence of the more striking phases of the
seasons. But to the great majority of the lay public, of
those to whom information of this kind is a matter of daily
interest and importance, this knowledge is as a sealed book.
It may be found, indeed, embodied in the volumes periodically
issued by the meteorological office, or scattered through
the journals and transactions of various scientific societies :
but all publications of this class are addressed to students
and co-workers in the field ; and besides being, in most cases,
too technical in form to approve itself to the tastes and
requirements of the general public, the literature is too
voluminous, and the information it contains too diffuse, to
be readily accessible to those who have neither the time
nor the opportunity to search through so wide a field.

The want of some work that shall afford, in a compen-
dious and apprehensible form, such information as is con-
stantly in demand by those engaged in administration, in
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agriculture, sanitation, engineering works, and~the like, and
esPecially in the navigation of Indian seas, or by those’ who
wish to follow, intelligently, the current reports of the
weather issued daily at Simla and Calcutta, has lone Dbeen
obvious, and has been definitely expressed in the mmi:ersary
add.ress of the President of the Asiatic Society of Bengal
delivered at the annual meeting of the Society in Febru:r):
1887, in the following terms. After noticing the errors of
the older storm literature, as represented by the works of
Reid and Piddington, he remarks :—

“It is much to be desired that steps should be taken
by some recognised authority, to prepare a simple and
popular manual on the subject [of storms], based on the
sounder knowledge which modern science has acquired,
And indeed such a work is also needed for the meteorology
?f the land, to enable the lay public to understand a;d
intelligently appreciate the mass of meteorological literature
which the Government Gazettes and the antire press so
lavishly place before us. We want something more popular
than the very valuable ‘ Vade Mecum’ of M;. Blanford n;)t
a scientific investigation of principles, but a brief, clear’and
comprehensive explanation of the observations ordin,arily
made, their objects, uses, and mode of application.”

It is to meet this want that the present work has been
taken in hand. It is not addressed to meteorologists and
physicists, although some of the data and facts adduced
may be not without interest to those who are principally
conc.erned with meteorology in its scientific aspect ; but more
particularly to agriculturists, medical officers, engineers pilots
and other seafaring men, and to those others zf the (,veneral,
public to whom the weather and the climates of Indbia and
of its seas are practical and not scientific objects of interest
I have therefore selected from the abundan.t materials no“;
available, and from the ¢eneral conclusions from these,
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worked out by Messrs. Eliot, Hill, and other Indian meteor-
610gists, such portions as are of practical importance to
inquirers of this® class, and have endeavoured to set them
forth in clear and concise language, avoiding, as a rule,
all discussion of a technical character, and all technical
forms of expression that have not become more or less
familiarised to the public through the medium of the weather
reports and other literature of a popular character. The
explanation of these latter is one of the objects of  the
work.

The work consists of two parts. The first gives a con-
cise general description of the kinds of observations made
at Government observatories, and the information they
directly afford. This constitutes what may be termed the
clements of the climate and weather. The second deals
with the practical applications of weather knowledge. In
the first part, the intensity of the sun’s heat in India,
the air tempgrature, humidity, cloud, winds, and rainfall,
together with the principal variations they present in differ-
ent parts of the Empire, and the changes they undergo in
the course of the year, the behaviour of the barometer and
the methods of interpreting and utilising its teachings, and
the constitution and nature of storms, are briefly described
in separate sections. The second and more extensive part
is devoted to a detailed notice of the local climates—first,
those of the chief hill stations, and then those of the
different provinces of the low country. Then follow the
weather characteristics of the three Indian seasons, illus-
trated by the information furnished by the daily weather
charts published at Simla; the tracks and seasons of storms
on the seas around India, with some practical deductions
for the guidance of seamen; and finally, the statistics of
rainfall, evaporation, and wind pressure, which are chiefly
required by engineers in dealing with questions of water
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supply, drainage, and the stability of structures. In this
section an attempt has been made for the first time td
estimate the average rainfall of some of the chief river
basins, a datum of great importance to physical geographers,
not less than to engineers, :

In the Appendices are given, in a condensed form, some
portions of the statistical data on which the above de-
seriptions are based, much of which have been computed
specially for this work. They include the more import-
ant climatic elements of 92 places in India, DBurmal,
and Ceylon, a list of “well-recorded storms in the Bay of
Bengal, with their approximate places of origin, tracks, and
rates of movement, and tables of the average, maximum, and
minimum monthly rainfall at 114 places.

Among the friends to whom I am indebted for informa-
tion and assistance, I must especially mention Mr. James
Forrest, Secretary of the Institution of Civil Engineers, to
whose kindness I owe much of the informatjon respecting
engineering works and professional observations in India,
Africa, and Australia, which will be found quoted in the
final section of Part II. Also Captain Henry Toynbee,
late of the London Meteorological Office, and his successor,
Lieutenant C. W. Baillie, R.N., to whom I am indebted
for valuable assistance in preparing the section on Storms
in Indian Seas.

FoLrEsTONE, April 1889.
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PART I

ELEMENTS OF CLIMATE AND WEATHER

Tue HEAT OF THE SUN IN INDIA

Use of the Sun Thermometer.—The question is often
asked of meteorologists, “ What is the temperature in the
sun?” The reply must be, “That depends entirely on the
instrument with which you measure it, and on its surround-
~ings;” in other words, the question, so put, does not admit
of a definite answer. Still the fact remains that the sun is
hotter in India than in England for example, hotter appar-
ently in May than in January, and there must be some way
of expressing this difference by a reference to the thermo-
meter. And that, in point of fact, there is such a way
stands in evidence in the reports of the chief observatories,
published daily or weekly in the newspapers, which give,
together with the temperature of the air in the shade, the
reading of a thermometer exposed to the sun. This ther-
mometer is an instrument specially constructed for the
purpose. It has the bulb ‘coated with lamp-black, and is
enclosed in a large glass tube hermetically sealed after
exhaustion, and it is exposed to the sun on a support four
feet above the ground, as far as possible from buildings.
Any other kind of thermometer would probably show a
different temperature ; and, indeed, thermometers of appar-
ently similar construction are often found to differ many
o degrees in their readings in the sun, notwithstanding that,
B



2 ELEMENTS OF CLIMATE, ETC. )

in the shade, they read alike. This latter_discrepancy can
be approximately ascertained and allowed for; but it is ot
possible to ascertain the exact effect due to variations in
the surrounding objects and in the character of the ground
beneath the instrument; and thus it is found that, undef
equally clear skies, the excess of the sun thermometer read-
ing above that which shows the temperature of the air in
the shade,—in other words, the heating cffect of the sun,
shown by the former instrument,—is greater at some stations
than others,

Insolation Temperatures in India.—In TIndia this
difference is, as a rule, from 50° to 70° Fahr. It does not
vary much in the course of the year so long as the sky is
unclouded ; but it is higher at hill stations than on the plains,
in the cold season comsiderably higher, showing that, in
opposition to the prevalent belief, the power of the sun is
really greater on the hills, and that protection of the head
and back is at least as necessary a precaution at Simla or
Mussoorie (and still more so at greater elevations), as on the
plains of India. At Leh, 11,500 feet above the sea, Dr.
Cayley succeeded in making water boil by simply exposing
it to the sun in a small bottle, blackened on the outside and
placed inside an empty quinine phial to protect it from
cooling by the wind.

As examples of the temperatures recorded with thermo-
meters of the kind above described, on the hills and plains
of India, the following table shows the highest readings
registered in each month of 1885, by no means a hot year,
at Simla, Murree, Lahore, Calcutta, and Madras ; and also the

greatest differences of these and the highest temperatures in
the shade on the same day :—

[TABLE

. HEAT OF THE SUN 3
" MURREE. SIMLA. Lanong, CALCUTTA, MADRAS.
Tcmp.\ g \ Tewmp. | % | Temp. | % [ Tewmp, ¢ | Temp.| %
in g in “ @ \ bi“ § \in i § \in §
Sun i & Sun | & ‘ un 2 un = un, el
R A ) e
| | !
January . | 122 | 79 ‘ 134 |80 | 128 |62 137 | 55| 146 1 61
February . | 132 | 927 136 | 84 | 152 | 76 | 145 |64 | 146 | 62,
March . | 141 | 74 | 140 | 75| 168 |70 ] 185 | 63| 161 | 69,
April . .| 138 |82 | 146 | 75| 172 |70 159 4 62| 150 | 59 |
May . .| 145 |83 | 144 [ 72] 171 | 73| 165 , 66| 150 | 55
June . .| 151 {72 | 152 |70 | 175 | 68| 162 1 71| 151 | 53
July . .l 155 |71 | 146 | 70| 173 [ 69| 160 | 71| 153 | 54
August .| 156 |77 | 1456 | 69| 172 | 75| 155 | 67 | 154 | 59
September | 147 | 76 | 144 | 731 163 | 67 | 155 | 66| 160 | 65
October ., | 139 | 68 43 |72 157 | 66 155 | 67 | 149 60
November | 133 | 69 | 131 | 70 147 160 | 146 | 62 148 | 62
December . | 129 | 78 | 126 75 | 146 i671 140 05‘ 149 | 65
! i |

In England, the Rev. F. Stow, who has paid much attention
to this subject, found that thermometers of the same kind as
those used in India, and exposed in the same nanner, seldom
read above 140° and states his belief that 154° is the
highest temperatyre registered in five years. This would
seem to show that the highest temperatures actually recorded
in England do not differ very much from those of the hill
station Murree, but their excess above the temperatures of
the air would seem to be much less, and rarely, if ever, to
amount to 70°.

This latter remark may apply equally to the case of
Madras, where, indeed, the excess of the sun temperatures
over those of the air is not greater than is occasionally
recorded in the summer in England; but then the air tem-
perature itself is 20° or 30° higher; and it would be a
grave mistake to suppose that exposure to the sun in
Madras can be incurred with the same impunity as exposure
to the summer sun in England.

On the other hand, experience shows that the more
fervid intensity of the sun’s rays at the hill statioms, in
January and February, may be borne not only without
danger but even without serious discomfort in a cool atmo-

2 sphere, provided the head and spinal column are adequately
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protected. And it may be concluded that the temperature
readings of the sun thermometer, which show the tempbra-
ture of the air, plus the direct heatitig effect of the sun,
notwithstanding the artificial and purely conventional char-
acter of the arrangements for determining them, probably
afford a better criterion of the stress imposed on the animal
system, than do the figures expressive of the sun’s heating
effect alone. The glare and intense light reflected from all
surrounding objects, and esj)eciﬂlly from the ground bathed
in Indian sunshine, are perhaps not less trying to the un-
acclimatised visitor to India, than the heat which they
accompany.

Duration of Sunshine.—The greater intensity of the
sun is, however, only one element of its distinctive action
in India. Another of not less importance is the greater
frequency and duration of sunshine. At St. Aubin’s, in
Jersey, where, according to a table of sunshine records
published by Mr. R. H. Scott, the number of sunshiny
hours exceeds that of any station in the British Isles, the
average total of sunshine, on the mean of five years, was 1853
hows in the year, or rather over 5 hours per day. At
Calcutta, on the mean of three ycars, it was 2732 hours, or an
average of 74 hours per day; and at Allahabad, also on
the mean of three years, 3053 hours or an average of 8} hows
per day. Notwithstanding the greater length of the summer
days in the British Isles, in no single month did the number
of sunshiny hours in Jersey equal the May average of either
Calcutta or Allahabad, and only from June to September,
the rainy season of Northern India, did the total duration
of sunshine in Jersey surpass that at the Indian stations.
The following table, extracted from the Report on the
Meteorology of India for 1885, gives the data on which
these statements are based, and also, for comparison, the
corresponding data on St. Aubin’s for the average of five
years i—

. HEAT OF THE SUN 5

x
]
=3

Calcutta ?

Hours of bright sun- }‘ mr
shine . |2 ’

- Average perd'ty

Ll‘tl(cnhweufpuvxlhl« 1
sunshine . y

s

Hours of Liright sun- )

;ﬁ shine . 263 1269 ¢ 309 | 307 | 17T 213162 1481 233 1 286 | 206 | 250 3053
_‘__“.- Average per ql-q LN S (10931990 .102 T A2 A4S TS |02 9978188
2 | Pereentage of possible ) v - -l : U
2 k sanshing .I i SO S| 84| oS OTT] o2 39 37 64 81 ‘ OL| 77| 7O
= (ll‘:i:fnl“f bright sun- 1| gr | g 160 157 | 207 oz [t or |16 125[ 74] 39 1853
=y . i N
=< Average per day . 2013815062180 \ T T4 \ 7306 n 401251351
Re § Y 1
< | Percentage of possible ) oy ] a3l a4 ’ ot ! 47| 48 | D21 44| B8 27| 15} 39
o sunshine - } | | |
! i :

We have no records of sunshine from Southern India to
compare with the above, but it appears from the estimates
of the quantity of cloud which have been made for many
years past in all parts of India, that, on the general average
of the year, the skies are appreciably more cloudy in
Southern than ingmost parts of Northern India, and es-
pecially Central and North-western India, and it may be
inferred, therefore, that the quantity of sunshine is less. If
we take 1000 as representing the total expanse of the sky,
the average proportion of cloud in the Punjab, the North-
west Provinces, Lower Bengal, and the plains of Madras
are respectively as follow :—

i Province. . No. of Stations, i Cloud Proportion.

| Punjab 9 i 283

‘ N.W. Provinces 9 | 303
Lower Bengal 7 | 153

\ Madras 10 | 507

| i

These figures, being based upon mere eye-estimates, cannot
lay claim to the same precision as those of the duration of
sunshine, which are derived from self-registering instru-
ments, but the data of different stations are very accordant,

2 and as the figures are the averages of, in most cases, from
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14 to 17 years’ observations, I believe they may be :wcv}’»twl
with. confidence.

Tig TEMPERATURE OF THE AIR

Temperature Observations. Mean Temperature.—
In what I have to say on this subject it must be understood
that I speak of the temperature of the air outside the house,
but in a place well shaded from the sun, where the air is not
stagnant, but has free movement from all sides.  In practice,
at all Indian observatories, the thermometer is suspended
under a roof, generally of thick thatch, which is supported
either on posts or pillars, so that, while the ground beneath
it is well shaded, the wind has free access to the instrument.
The temperature shown by a thermometer in such a position
rarely agrees with that of a house or even of a verandah, in
cither of which it is generally lower during the day and
higher at night.

The observations, usually recorded wiler these ecircum-
stances, are the highest and lowest temperatures reached
in the 24 hours, at whatever time they may occur, and, in
addition, the readings of the actual temperature at certain
fixed hours ; most commonly 10 aA.m. and 4 .M. From these
four observations it is usual to compute what is called the
mean temperature of the day. This is assumed to represent
the average of all the fluctuations during the 24 hours, not
that of the four recorded readings only. And this result is
arrived at by various devices founded on a more complete
system of observations. As the consideration of these
belongs to the technicalities of meteorological observation,
they need not be discussed here. Suflice it to say that,
although for any single day the result may differ by a
degree or two from the real value, on the average of several
days these errors should neutralise each other; so that,
if the method adopted be valid, the mean temperature
of a whole month should be well within a degree of the
truth.

’ AIR TEMPERATURE 7

Diurnal Vdriation and Range.—In fine, cloudless
weather, the changes of temperature during the day are
remarkably regular’ in India. The air is coolest a few
sinutes before sunrise. No sooner does the sun appear
above the horizon than the temperature mounts rapidly,
the rate of rise gradually increasing up to about half-past
8 o'clock (somewhat earlier or later, according to the hour
of sunrise).  After this it continues rising, but at a de-
creasing rate, until it reaches its highest point about 2
PM, or somewhat later. It then begins to fall, at first
slowly, and afterwards more rapidly, till about sunset, when
the fall is as rapid as was the rise in the forenoon. Later
on the fall slackens, and after midnight continues slowly
and steadily till a little before sunrise. The course of this
variation is illustrated by Fig. 1, which represents the
average diurnal curves for Calcutta in March and July.

M 4 6 8 o N 14 W6 8 20 22 M
o8 , TN\

+6 - 1

+a

-2 4 -

-4

L
A ER

Fig. 1.—DIURNAL VARIATION OF TEMPERATURE AT CALCUTTA.
A. March. B. July.

~8

S

The range of temperature during the day depends chiefly
on the dryness of the air and the clearness of the skies. It
is much greater in the interior of the country, and especially
in North-western India, than on the coasts and in the
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neighbourhood of the sea; and, as a general rule, is greatest
in the driest spring months and least in the rainy seasoll.
In Sind and Baluchistan, and througliout the dry tract to
the west of the Jummna and the Aravalis, the daily range of
the thermometer is greatest in October or November, when
the difference between sunrise and the afternoon averages
not much less than 35° and sometimes exceeds 40°  In
the northern districts of Bombay, in Kathiawar, Guzerat,
Khandesh, and the Northern Mahratta country, the driest
time of year is in the earlier months, when land winds
from between west and north-west blow most steadily ; aud
accordingly, in this part of India, the greatest range of the
thermometer is in February or March, when it averages
nearly 35° at such places as Poona and Malegaon, and in
some years, on the mean of a whole month, is as much as 38°.
In Lower Bengal, March is, on the whole, the driest month ;
but at Calcutta and Dacca the average diurnal range does
not exceed 21° or 22° and very rarely reaches 30° on any
single day. In Behar and the North-west Provinces it
averages from 28° to 32° both in March axd April.

In the interior of Southern India, in February, March,
and April, the mean daily range is from 24° to 30°, being
slightly greater in February than in the succeeding months ;
but on the coast of Madras it is much less, not more than
19° at Madras, and 13° or 14" at Negapatam; and at this
latter station it is greatest in June, when it amounts to 19°
on an average.

These variations of temperature, which take place daily
with much regularity, much exceed those experienced in most
parts of Europe, and constitute an important element of the
climate. In different parts of England the range varies
from 10° to 20° in the summer, when it is greatest; and in
Europe, only in the climate of the Spanish tableland does it
amount to 27°, and has been observed in a single month as
high as 31°}

At hill stations, the range varies according to the position
of the place. 1If, like Simla, Mussoorie, and most of Hima-

! Buchan, Introductory Text-book of Mecteorology.

. AIR TEMPERATURE 9
layan sanitaria,it 1s situated on a ridge, the ditference of the
carly morning and afternoon temperatures is less than on the
plains ; but the same rule by no means holds good if it is on

,an elevated tableland like Quetta, still less when it is in a
deep valley like Leh and Kailang.  In some of these cases,
in certain months, elevation brings about an exaggeration
of the diurnal range. As these changes of temperature
during the day are a matter of much importance to invalids,
and indeed in their influence on health and comfort generally,
it may be useful to give the mean diurnal range of each
month at all those elevated stations at which observatories
exist or have existed, and which afford, therefore, trust-
worthy data. I give for comparison also, In each case, the
corresponding ranges at some neighbouring station on the
plains.

MeAN DaiLy RANGE oF TH1 THERMOMETER

l-‘nslvi?zn. N.W. 11iMALAYA AND PUNJAB. \;v“}h#l:()["l\l\\tl_‘svv
—_ = : (N _~ —~ P ~| -2
32 |82 5% EE AL | B: i | 23| E3
53 | &% B1FE | TR |25 23 | &z |88
. S — . ‘
Jan. 24 |31 |23 0 o1e | 14 \‘ 16 | 17 16 | 13 | 25
Feb, | 21 |20 , 26 | 14 | 17 ' 17 | 22 16 | 15 | 26
Mar. 21 | 30 ‘ 26 \ 15 19 ! 18 19 18 | 16 | 29
Apil | 26 | 31 ‘ 96 | 17 | 19 | 20 | 17 19 | 17 | 30
May | 30 | 82 | 27 | 17 | 18 | 20 | 22 18 | 17 | 27
June 31 28 | 80 17 | 23 1 18 ] 25 15 | 14 | 21
July {27 |24 @ 20 P15 |16 12 | 24 10 | 11 | 14
Aug. |28 |22 |30 i 14 |13 ) 11| 23 0|11 |13
Sept. | 34 | 23 | 30 115 | 21 | 14 | 26 12 | 12 | 15
Oct. {35133 | 20116 ] 25 1 17 | 28 15 | 15 | 23
Nov. | 3¢ | 34 | 27 | 15 | 25 ! 18 | 23 16 1 15 | 29
Dec. |29 |82 26 | 14 | 22 17 | 21 16 | 14 | 97
. |
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. . oo b |
S”:\Ks:‘;l\uA,M) | (les.lwf:,. H Bruaw, [} ’(;l zetat, | Nuotnrs,
| on RN EEE
EE EER 3
I N - I
\ | |
January . 9 2% 016 82 31 21 23
Februawry . | 12 2816 B0 20 ey 27
March . 113 31 ‘ 17 80 ey
April . 15 31 L1t a0l e wo | o4
May 13 20001827 s 17 021
June . . |10 21 150 20 )12 - 14 718
July - . |10 woo oo
August . | 10 14 ‘ §o13 121 17
September | 10 1611 17 118 15 P19
October . | 12 23 15 97 [
November | 13 26 17 082 116 13, 17
December | 12 260 17 0 32 22 17 i 19

Even at one and the same station, houses on the crest of
a ridge have a smaller diurnal range of temperature than
those on the lateral slopes. Thus, at Darjling, the present
observatory, which is on the crest of the ridge, shows a differ-
ence of night and day temperatures about 2° less than the
old observatory, which for many years existed lower down
on the side of the same hill (except from June to September,
when the difference vanishes); and this, notwithstanding that
the new observatory is more exposed than the abandoned
site.  The figures given above are those of the present obser-
vatory.

At most of the Himalayan sanitaria, and such places as
Shillong, Chikalda, and Abu, the range of temperature
approximates to that of midland and southern England in
summer; but, as the table shows, it is greatest in the
winter, whereas in Europe it is least at that season.

Irregular Changes with Weather.—Casual and irre-
gular changes of temperature, such as accompany changes of
wind and weather, are less frequent and for the most part
less marked in India than in Europe and most extra-tropical
countries. From northerly winds bringing the extreme heat
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of cold of Central Asia, India is shielded by the Himalaya;
and only in rare cases, and such as are temporary and of
short duration, are changes of wind accompanied with such
striking changes in the warmth of the air as are commonly
experienced in Europe, and still more conspicuously in
Siberia and North America. The chief exceptions occur in
the hot season, when a more or less prolonged spell of dry
weather is followed by a burst of rain; as, for instance, at
the onset of one of those afternoon squalls characteristic of
this season, which, in Bengal, are known as Nov’- Westers. The
cold wind which blows out in advance of one of these little
storms sometimes causes the temperature to drop 15° or even
20° in less than as many minutes, but the full effect of the
change lasts little longer than the storm, and even the cool-
ing effect of the rain, which usually follows the wind, is in
a great measure dissipated by another day’s sunshine.

On the east coast of the peninsula, the setting in of the
sea-wind, after a hot land-wind has been blowing for some
hours, is also accompanied with a fall of 10° or 15° but the
effect is transifory, and is a relief rather than a trial to the
bodily system.

More important than these are the rapid changes between
consecutive days which accompany alternations of rain and
fine weather in Upper India; changes especially frequent in
the summer months, but also occurring at other times of
year. This subject, which is one of great importance in
relation to health, has hitherto received but little attention
in India, although it is well known that chills are a fruitful
source of fever and bowel complaints, maladies peculiarly
prevalent in this as in most tropical countries. DPerhaps the
best mode of representing the important facts is that adopted
by Dr. Hann, viz. tabulating the number of times in each
month that a rise or fall of definite amount (cg. 5° or 10°)
takes place in the mean temperatures of successive days at
different places. The daily and weekly weather reports fur-
nish data which any one interested in the question may
readily turn to account, and he may thus compare the
vicissitudes of temperature in different seasons or at different
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stations with the corresponding health statisiies.  The fol-
lowing table, which shows the number of times that the
change between any two consecutive days at Caleutta and
Lahore amounted to 5° 10°, and 15° in the ycars 1884 and
1885, may be taken as an example of this way of represent-
ing an important climatic feature, and it also illustrates the
much greater variability of the Punjab climate as compared
with that of Bengal. The cases of vise and fall of tem-
perature are distinguished by the letters 1L and F.

5 to 10°
10° to 15°
1'} + .

{ 5 to 107
84—,
835

1885 1884

10° to 15°
15°+ .

Lahore. {
S
i

Calcutta. {

In Calcutta there was no change amounting to 7° between
any two consecutive days during the two years, and only
seven amounting to 5°. At Lahore, during the same period,
there was one fall of 15° six between 10° and 15° and
twenty changes of rise and forty-four of ftall, amounting to
between 5° and 10°. Rapid falls of temperature are,
therefore, between two and three times as frequent as rises,
and, on the whole, greater in amount. In estimating the
influence of such changes as these on health it must be
borne in mind that, in most cases, they are superadded to
a large part of the regular daily fluctuation, which may
render the change to which the body is exposed more than
double as great; and while it is unquestionable that pro-
longed residence in India renders the system very sensitive
to changes of temperature, the thin clothing habitually
worn affords but little protection against their injurious
effects. )

Annual Range.—The change of temperature in the
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coursc of the-year is very different in different parts of
Thdia, not only in magnitude but also in the duration and
rapidity of the rige and falll  As regards magnitude, it is
greater in dry parts of the country than in those which are
damp and rainy; and the greater also, the higher the lati-
tude, or, in other words, the greater the difference of the
longest and shortest day. The greatest range is, therefore,
at Leh, which is both the most northerly station and
situated in one of the driest climates. The difference of the
highest and lowest readings, recorded in the year at the Leh
observatory, averages 94°, and has been ‘as much as 103°in
a single year. On the plains of the Punjab it varies, on a
general average, between 80° (at Mooltan) and 86° (at
Peshawar) at different stations, and in some years exceeds
99°, At the hill stations it is much less, viz. 69°
Murree, and 63° at Simla; and has not much exceeded 75°
at the former and 69° at the latter within the last ten
years. At Darjiling it is only 47°. At Quetta the
average range in the course of the year is 84° and the
greatest in anyeone of the last eight years 92°; while at
Jacobabad, on the border of the Cutchee desert, the average
is 86° and the greatest 89°.

From the Punjab, which is the most northerly and, ex-
cepting Sind and Western Rajputana, the driest province of
India, the annual range of temperature decreases eastwards
to Bengal and Assam, and southwards to Travancore and
Ceylon, where, at Point de Galle, it reaches its minimum.
At Lucknow and Allahabad the average range is 76° at
Patna 68°, and at Calcutta it has diminished to 54°  Still
farther east, in the damp province of Assam, it is 54° at
Silchar and only 57° at the more northerly station Sibsagar.

In the interior of the peninsula, and particularly in the
dry tract of the Deccan, it is greater than on either coast,
and greater on the east than on the west coast. Thus it
amounts to 62° at Poona, 61° at Secunderabad, 54° at
Bellary, and 47° at Bangalore, while on the west coast it is
only 34° at Bombay, 31° at Mangalore, 28° at Cochin ;
and on the east coast, 52° at False Point, 50° at Masulipa-
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tam, 48° at Madras, and 40° at Negapatam. Finally, in
Ceylon the average annual range is only 25° at Colombo,
31° at Trincomallee, and less than 19% at Galle, where in
some years it has scarcely exceeded 17°%  Such is the
uniformity of climate on the south-west coast of Ceylon,
that the extreme range of temperature in the course of the
year is ouly about as great as that experienced within 24
hours at Simla, and little more than half that of a single
day at Jacobabad.

These great variations in the annual range of the ther-
mometer depend more on the degree of the winter cold than
on the varying intensity of the summer heat,  Thus, the
lowest temperatures hitherto recorded at Leh have fluctuated
between 3° above and 17° below zero (29° and 49" below
the freezing point), while the highest in different years have
varied between 84° and 93° On the I'unjab plains the
lowest winter temperatures have heen between 24-7° (Pesha-
war, 1879) and 40° (Mooltan, 1884); in general, a little
below the freezing point at the more northerly, and a degree
or two above it at the more southerly stations; while the
highest summer readings have varied between 112° and 122°.

At Allahabad the extreme summer temperatures are as
hich as in the Punjab, but the lowest winter reading re-
corded is 36° and in one year did not fall below 42° At
Nagpur also, the summer readings are nearly as high, 117°
in the shade having been reached in four of the last ten
years; but in the coolest years the thermometer has not
fallen below 43°, and sometimes not to 50°. And, even at
Madras, 113° has been registered in the hottest months,
although in the coolest 57°6° is the lowest temperature
reached in the last ten years, and in many years it does not
fall to 60°.

Madras, however, although situated on the coast, has a
comparatively dry climate at the hottest time of year. In
the damper provinces of India, in part of Bengal, in Assam,
and on the west coast of the peninsula, the highest summer
temperatures rarely or never reach 100° At Calcutta,
indeed, the thermometer sometimes rises to 105° or 106° in
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April and May, while it falls to Letween 45° and 52° at
s s X

the Alipore observatory in January and February. But in

Cachar a reading *exceeding 100° has been but once re-

corded in eleven years, and at Sibsagar this has occurred

“but twice in the same period. At Bombay in the same

eleven years it has never reached 97° and the highest
recorded reading in thirty-seven years is 100°2°; at Cochin,
notwithstanding its more southerly latitude, it has never
marked 100° ; and at Point de Galle, since the thermometers
have had a proper exposure, it is doubtful whether it has
ever risen above 90° while the minimum has never fallen
to 68°

In comparing extreme temperatures, whether high or
low, it must be borne in mind that such comparisons are
valid only when the same method of exposing the instru-
ments has been rigorously observed, and when also the
errors inherent to almost every thermometer have been
ascertained and corrected. It is easy to obtain a rcading a
few degrees higher in the daytime or lower at night by
slightly diminislyng the protection of the instrument. The
object sought, since such is understood to be the meaning
of a temperature reading, is to ascertain as nearly as pos-
sible the temperature of the ambient air, and to avoid the
disturbing effect of radiation. In a site distant from build-
ings and not too much shaded by trees, the method of
exposure adopted at Indian observatories very well fulfils
the required conditions. And to ensure the accuracy of the
figures quoted, I have restricted the discussion to such obser-
vations as have been recorded with all due precautions,
and have rejected such as were registered prior to 1876 in
the Punjab and some other parts of India, which, on
account of improper exposure, I do not consider entitled to
confidence.

Hottest and Coolest Months. Annual Variation.—
The popular division of the year into a cold season, a hot
season, and “ .the rains,” holds good in the greater part of
India, and fairly represents the more obvious phases of the
climate. Such is the case in the North-west Provinces and
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Oudh, Central India and eastern Rajputana, the Central Pro-
vinces, Chutia Nagpur, and Bengal, and, substituting tne
word “cool” for “cold,” it may be held to apply to the
northern and much of the eastern part of the peninsula,
although the duration of each season varies not a little in
different parts of this region. Wherever this is the case,
the temperature continues rising from January or, in some
years, February, only up to the setting in of the ruins.
The first drenching fall of rain sends the temperature down
many degrees; and although it rises again whenever the
rains are interrupted, it never attains the same intensity as
in the long interval preceding the rainy season, when the
whole land surface lay parched and bare of verdure under
a torrid sun.

In North-western India, where the rains come to an end
early in September, they are followed by a few weeks of
warmer weather; but in the latter part of October the
temperature falls rapidly, and in Bengal, if, as is often the
case, the rain lasts well into October, a fall of temperature
sets in soon after their conclusion and gredually brings on
the cool season,

Thus, throughout Central India, and indeed everywhere
east of the Aravalis and south of the Ganges, also in the
north of the Peninsula and its eastern half as far south as
the Godavery, aud on the coasts of Bengal and Arakan, May
is the warmest month in the year. In Sind, the Dunjab,
the region west of the Aravalis, and also on the plain north
of the Ganges, where the raitis seldom set in much before
the latter part or quite at the end of June, or where they
are too light and scanty to mitigate the heat, June is
warmer than May; and, at the more remote stations of
Quetta and Leh, the temperature goes on rising till July, as
is generally the case in the temperate zone. For a different
reason July is also the warmest month in Sikkim and

Assam. In the Sikkim Himalaya, and in the valleys of

Assam and Cachar, frequent showers keep down the tempera-
ture in April and May and neutralise the hot season. On
the other hand, in the Western Deccan (at Poona and Male-

~
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gaon), and in the, south of the peninsula, except on the cast
coadt, April is the warmest montl in the year; and this is
also the case in Ceylon and the Burman peninsula, save in
the coast province of Arakan. In Burmah, as in Assam
this is due to the greater abundance of the May showcrs’
and to the earlier setting in of the monsoon raing; but in
the southern provinces the changes of temperature are
smaller, and in the Carnatic it is not until the October rain-
fall has cooled the plains and filled the irrigation tanks that
there is any considerable mitigation of the heat.

From what has been said above, it will be apparent that
from January to May the rise of temperature is greatest in
Upper Sind, the Punjab, and the North-west Provinees, and
diminishes steadily to the south and east. But the fall
from May to July is greatest in the heart of the country, in
the Central Provinces, wherce the dryness and heat of May
are as great as in the Punjab, while the rains sct in carlier
and arc more abundant. These variations are shown in the
following table for all parts of India, togcther with the
annual mean tempyeratures, those of the hottest and coolest
months, the mean highest and lowest temperatures reached
in the year, and the mean annual range. Some further
particulars are given in the Tables of Appendix I.

[TABLE
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Diurnal Fluctuation.—There is yet one further oscilla-
tion of the Darometer which, in ludia, is remarkably
regular, and must be duly taken into account before o
change in the barometric reading can be appealed to as
indicating a change of weather.  Every day, with the
utmost regularity, it rises from about 4 in the morning till
half-past 9; then fulls to about 4 or 5 rat; then rises
again till 10 rar; and again falls till 3 or + Am. These
changes, which amount on an average to about a tenth of
an inch, have nothing to do with the weather; It they
must not be neglected, since they bear a very appreciable
proportion to those that are produced by weather vicissi-
tudes. Thus a fall of a tenth of an inch between 10 in
the morning and 5 in the afternoon does not betoken any
change, merely as regards weather, and so of the other
diurnal changes. The course of the dinrnal fluctuations at
Calcutta in March and July are represented in Fig, 2.

]
b
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Fi6. 9.—DIURNAL VARIATION OF BAROMETER AT CALCUTTA.
A. March. B. July.

Magnitude of Variations with Weather.— Lastly, it
must be borne in mind by those who have used to consult
the barometer as a weather-glass in England or other
country in higher latitudes, that the oscillations which, in
India, do betoken changes of weather, are much smaller
than those to which such experience may have accustomed
them; and it is for this reason that the several regular
changes above noticed cannot be overlooked or ignored. In

5
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thi§ country, a-fall of three-tenths of an inch below the
average of the time and place occurs only as a prelude to
very disturbed weather, and it is only in violent cyclones
and in the vicinity of the storm’s centre that this amount is
very greatly exceeded. In the centre of such a storm it
has been known to fall more than two inches below the
average of the place and time of year.

‘Tempera.ture Correction—One further remark on the
action of the barometer is necessary before any comparison
can be made between its readings and those published in
the daily weather reports, or with such average values as
are also periodically published, and some of which are given
in the Appendix to this work. A mercurial barometer is
affected by temperature as well as by the pressure of the
atmosphere, and acts to some extent like a thermometer,
rising with heat and falling with cold. The published
readings of the barometer are, therefore, not such as are
actually recorded, but are reduced to the height which the
instrument would have marked if it had been at the tem-
perature of melting ice, a condition which, it need hardly be
remarked, it ravely indeed has anywhere on the plains of
India. This correction is effected by tables computed for
the purpose and given in most meteorological handbooks.
These remarks apply to mercurial barometers only, not to
aneroids, which, if properly compensated by the malkers,
should not require such correction. But every instrument,
whether aneroid or mercurial barometer, generally has some
error, which can be ascertained only by comparing its
readings with those of a standard instrument, and this
should never be neglected. Barometric registers that have
been kept for years at the cost of much trouble and self-
denial, are of little value to science unless their correction
is known, and also unless the temperature of the instrument
has been recorded whenever a reading is taken. The baro-
meter many years in use at the Calcutta observatory is
used as the standard for all Indian stations.

Barometric Changes with Weather.—With, these pre-
liminary remarks we may pass on to consider the manner
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in which the readings of the bavometer may be interpreted
as prognosticating the character of the weather.  In addi-
tion to the fluctuations just deseribed, which are regularly
recurrent and can, therefore, be predicted with confidenee,
the pressure of the air, which immediately affeets the baro-
meter and the variations of which are all that it really
indicates, oscillates more or less irregularly at all times of
year, increasing for two or three days, and then falling in
like manner. The rise and fall of the barometer in these
movements ordinarily amount to between one and two-
tenths of an inch, and are greater in Northern than Sonthern
India. They do not mnecessarily betoken any important
change of weather, though generally there is more cloud
about the sky when the pressure is low than when it is
higher ; and it is at its low phase, in the hot season, that
thunder-storms and dust-storms most frequently occur.  In
the cold season, in Northern India, a fall is frequently
accompanied with an easterly or southerly wind, the wind
that precedes and brings the winter rains of Northern India
In the rainy season a fall of greater amourt precedes one of
those bursts of heavy rain, that throuchout this senson
alternate with intervals of tine weather.

When a cyclonic storm is generated far down in the Bay
of Bengal, which occurs chiefly in the months of May,
October, and November, the barometer on the north of the
bay and the surrounding land is often but little aflected,
and sometimes even rises while the storm is in course of
formation ; and it is not until it begins to move northward
that any fall sets in. Even then the fall is slow, until perhaps
a few hours before the storm reaches the neighbourhood of the
place, when it becomes more rapid. Examples of this will
be given in the second part of this work. In judging of
the probability of a cyclone, other indications must be taken
into account, more particularly the direction of the wind
and the aspect of the sky. These also will be noticed in
another part of this work.

Distribution of Pressure. Barometric Depressions.
—=So far 1 have noticed only such indications as are aflorded
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by\the behaviowr of the barometer at a single station, and
where no information can be obtained of what is taking
place in other parts of the country. Before the days of
telegraphic weather reports, this, together with the local
signs of the weather, was all the practical meteorologist had
to rely on for framing his conclusions, and under these cir-
cumstances the barometer was little more than an auxiliary
guide, far from having the importance which it possesses in
these days of telegraphic reports and weather charts.

For, while very little of value can be inferred from the
simple reading of a barometer, even when compared with
the average of all its readings at the same place and time of
year and day, a knowledge of the distribution of atmospheric
pressure over an extensive country, such as India, affords a
firm basis for meteorological reasoning. DPrimarily, it is
some difference in the pressures of different parts of the
country and the swrrounding seas that determines the
courses of the winds, and it is the character of the winds as
damp or dry that determines that of the weather. The
place where the pressure is least, in other words, where the
barometer stands lowest, is usually termed a barometric
depression or mintmum, and the immediate neighibourhood
of this depression is the place where rain is most likely, and
when it falls most abundant. This last statement is, indeed,
not to be taken without some qualification, but the execep-
tions are readily recognisable, and will presently be more
particularly specified: as a general rule, the maxim holds
good.

Reduction to Sea-level.—It has been stated on a
previous page that the reading of the barometer depends on
the elevation, falling about one-thousandth of an inch for
every foot above sea-level.  Differences of readings, due to
those of elevation must therefore be allowed for and corrected
before the distribution of atmospheric pressure over the
surface of a country can be kuown for the purpose of
meteorological reasoning. In the published weather reports
this allowance has been made; all barometric readings of
stations on the plains of India are given, not as recorded,
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but reduced to the values they would have at the common
level of the sea surface. These pressures are, of course,
purely imaginary, and in the case of stitions on the hills of
India would be probably false and mixieading; hut when
restricted to such places as are not more than a couple of
thousand feet above the sea, the readings, thus reduced,
afford a fair idea of the differences of atmospherie pressure
that are eftective in determining the winds, to which they
bear a well-ascertained relation.

Barometric Charts. Isobars.—To rvender the facts of

pressure distribution evident at a glance, the method now
universally practised is to lay them down on a chart. ‘The
preparation of such a chart is very simple.  The several
harometric readings, duly corrected for temperature and
reduced to sea-level, are pencilled against the stations to
which they severally refer. A series of lines is then drawn
between or over these, passing through all those points at
which the pressure is the same, the points sclected being
those where it is the exact tenth, or, in Indian charts, the
twentieth of an inch.  The interspaces Detween any two
consecutive lines show where the pressure is of intermediate
value, and the distance between them is the horizontal dis-
tance within which the pressure increases or decreases by
one-tenth (or one-twentieth) of a barometric inch. The
lines therefore represent differences of pressure in the same
way that the contour lines of a map show differences of
elevation and the slope of the ground, enabling one to gather
correct notions of the form of its surface. They are techni-
cally termed isobaric lines, or simply dsobars. A barowmetric
depression is the space enclosed within the isobar of lowest
value, and a barometric elevation, or as it is usually termed,
a barometric macumumnt, is that surrounded by the isobar of
lLighest value, Other terms, which will be noticed when we
have to speak of the winds, are also used to denote these two
important regions.

Barometric Gradients.—Another term often employed
in weather reports and requiring explanation is the bdaro-
metric gradient. This term, which has been adopted from
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engineers, means’ the rate at which the atmospheric pressure
decreases between any two places. Tt may be expressed
either by the numbe} of miles in which the pressure falls
one-tenth of an inch, or by the amount of decrease per
hundred miles, QOn any barometric chart its value, expressed
in the former manner, may be found at once by simply
measuring on the scale of the chart the distance between two

Fia. 3.—AvERAGE BAROMETRIC AND WIND CHART rOR JANUARY

isobars differing one-tenth of an inch in value. It is an
important datum, because, just as the velocity of a stream of
water is the greater, the greater the slope down which it
flows, so is the strength of the wind the greater the higher
the barometric "m(hent where it blows. Wherever, there-
fore, the isobars of different values approach eacl, other most

nearly, there do the strongest winds prevail. Other relations
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of the winds to the isobars and the distribution of pressure
generally will be described in the next section.

Persistent and Temporary Barometric Differences.—
It would be leside the purpose of this work to discuss at
any length the circumstances that give rise to these inequali-
ties of pressure, which the barometer proves to exist, and

Fro. . —AveracE BAROMETRIC AND WiND CHART vor JuLy,

which are represented on the weather charts issued from day
to day. And indeed, in some of the most important cases,
we are not yet able fully to explain them. DBut it is neces-
sary to point out the distinction between such as last for
months together and are intimately related to the monsaons,
and such as are temporary only and regulate the variable
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phases of the weather, and more especially those that accom-
pany storns,

As illusteations of the former class T give two Figures
(3 and 4) showing the average distribution of atmospherie
pressure in January and July.!  In the first of these, the
seat of the highest pressure s i the north-western corner of
India, and it decreases steadily southwards to two regions,
one to the south of Ceylon, the other near Sumatra, where
are two incomplete isobars, indicating the places of lowest
pressure on the chart.  In the July chart, the seats of
highest and lowest barometer have exchanged places. The
former now occupies the equatorial sea, the latter Upper
Sind and portions of the adjacent tract, and throughout
India and its seas the barometric gradient is reversed, In
the interval between January and July this change is
brought abont eutirely by the changes of temperature ; the
seat of lowest pressure in both eases being also the seat of
the greatest warmth, and that of highest pressure the region
where the atmosphere is coolest.  Amid all the changes
that take place ffom day to day in the course and position
of the isobars, with very rare exceptions, these leading
features remain undisturbed ; and, as will be seen in the
next section, it is these that determine the general course of
the monsoons.

Now Dbarometric depressions of this class sometimes form
an exception to the rule given above, viz that rain is most
likely, and when it falls, heaviest in the neighbourhood of
the depression. Those represented in the January chart
conform to the rule, since they are situated over the sea
where the supply of vapour is abundant, and the air there-
fore damp and capable of yielding rain.  But in July, and

1 It is necessary to point out that in these charts the barometric values of
the isobars are all somewhat lower than would be assigned to them by the
actual readings, corrected only for temperature aud elevation as described in
the text. A further corvection has been applied for gravity, but as this is
immportant only to the physicist, it need not be specially noticed here, The
charts show the relative distribution of pressare accurately, and, except in
the values of the isobars, the chart differs but little from that which would
result from the uncorrected data,
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indeed all through the summer monsoon, when the seat of
the lowest pressure is the driest land tract in India, the
wost coplous rainfall takes place at a*considerable distance
from it, viz. in Bengal and Assam, along the face of the
Himalaya, and over a broad zone extending across India from
the Gulf of Cambay to the Bay of Dengal (see Fig. 6);
and also, owing to local circumstances, on the west coasts
of India and Burmah.

Of the irregularities of pressure which are only tem-
porary, it is necessary to notice only the depressions, and of
these only such as accompany storms,  Slight local falls of
the barometer occur at all seasons, and have no important
significance.  Owing to incessant changes of temperature, the
atmosphere is never at rest through its whole depth, and
every movement is accompanied by some small variation of
pressure.  Of most of these it is unnecessary to speak.  But
when, for some days together, the pressure falls continuously
over some tract of land or sea, a movement of the air is set
up around, which may become strong enough to generate ¢
storm, the constitution and nature of which will be deseribed
further on. Such a storm may either exhaust itself in
the place where it originated, or may move forward and
travel thousands of miles, its centre being marked by the
barometric depression which originated it, and which indeed
forms one of its leading features. Illustrations of such
storms are given in Figs. 16 to 23 in the latter part of this
work.

When such a storm approaches any place, as a matter of
course the barometer falls continuously until the storm
either reaches or passes it; but in order to know whether
any observed fall is due to the approach of such a storm or
to some other cause of less importance aud significance, it is
necessary to be provided with charts of the pressure on
successive days, such as are published by the meteorological
offices of Simla and Calcutta ; unless, indeed, other weather
signs, of which more auon, be sufficiently distinet and charac-
teristic to indicate the real character of the disturbance.

Summary.—These remarks may suftice, for the present,
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to enable the rcader to intelligently interpret the teachings
of the barometer. But, before leaving the subject, I will
briefly recapitulate the different points that demand atten-
tion.  First, the readings of the barometer vary with the
elevation of the place, and to such an extent that very little
of value can be inferred from them until that elevation is
known to the nearest foot or two. Secondly, in India, the
barometer falls from January to July, and rises during the
remainder of the year. This fall and rise are related to the
changes of the monsoons. Thirdly, it undergoes a double
oscillation daily of about one-tenth of an inch. This has
no reference to changes of weather, but is too considerable
to be left out of account in using the barometer as a \véather-
glass.  Fourthly, the mercurial barometer is affected Ly
changes of temperature like a thermometer, and in India,
where these daily changes sometimes amount to 40°, the rise
and ia:ll of the Darometer owing to this cause alone is very
appreciable.  Tables are published for correcting it, and in
order to render the readings made at different temperatures
comparable with ech other, it is usual to reduce all to their
corresponding values at the standard temperature of the
freezing point. Fifthly, every barometer has some error,
sometimes a large error, inherent to the instrument. This is
to be ascertained by comparing the instrument with some
acknowledged standard. And further to render its readings
comparable with those of other barometers at different eleva-
tions, it is necessary to reduce all to the same level, generally
the level of the sea.

The oscillations which depend on changes of weather are
comparatively small in India, not exceeding a few tenths of
an inch, except near the centre of violent cyclones. But
oscillations of one or two-tenths of an inch, extending over
a few days, follow each other incessantly at all times of year,
and do not necessarily betoken any change of importancel
As a rule, the fall takes place with a wind from the sea,
which is damp, and rises with one from the land, which is
dry.

The full meaning of any barometric change can’ only be
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known and understood when it is taken i connection with
those in other parts of the country.  These are shown by
harometric charts, the method of preparing and interpreting
which has been described above, and will he further noticed
in a subscquent part of the work.

The interest of barometric readings centres entirely in
their relations to the weather and the physies of the atmo-
sphere.  As an clement of climate, the variations of atmo-
spheric pressure are far too small to be seusible to the human
system, except indeed at great clevations, where, owing to
the decreased pressure, the tenuity of the air s such as
seriously to tax the heart to effect the necessary aeration of
the blood ; but to persons of good constitution, and with no
special feebleness of that organ, this is not felt at the eleva-
tion of 8000 feet, which is ubove that of the hill stations of
India, most of them being situated Letween 6000 and 7500

feet, and some lower.

Tinr WINDS ¢

Lightness of the Winds in India.—Next to its sunny
skies and its notorious and somewhat oppressive heat, perhaps
no feature of the Indian climate is more characteristic than
the prevailing lightness of the wind.  Many a one who has
watched the laborious processes by which the Indian ryot
raises water to irrigate his patch of sugar-cane or paddy
must have asked himself the question, “ How 1s it that the
same mechanical skill that has enabled the village carpenter
to construct a Persian wheel, or the simple but effective
turbine and its gearing, wherewith the hillman drives his
primitive mill, has never been turned to cconomise the
work of irrigation, by substituting for the labour of the ryot
or his cattle some simple motor driven by the wind 2”7 The
explanation is probably to be found less in his want of
mechanical skill than in the insufficiency and uncertainty of
the motive power at his command. It is true that on the
coasts of India, and especially the west coast, the wind has,
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as a rule, sufticient strength to be s 111 i
alsd the case in the I)eoian during (Zllst:l;sjg;e{;niljludl ls-
but in Northern India it seldom has sufficient force (i?:ont;
yerhaps in the spring months for some hours of the aféer;xozll)
when the hot winds DLlow, and these are by no m .
regular, and sometimes fail for many days together eazi
best, there are but few parts of India where wiminills-could
be uset'ul‘ly employed, and hence probably the fact that they
are practically unknown.  As illustrating the average rates
of t?xe wind’s movement in different parts of the com?try the
.ts‘mtm]ns in the following table have been selected from tilose
or which anemometric data are given i i
Report for 1885 Tl(;e (111‘:}2:1121ifﬁi;];“q::;ihe ter s el
‘ . o : ometer above the
ground is given in each case, and those stations only are
quoted at which the instrument is comparatively unob-
structed.  The table shows the number of miles per day

register .
’ gl 1ed by the anemometer, the average being in all cases
enved from many years' registers.
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.L Dary MoveMeNT oF THE WiND
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1 E L:’
zs ——
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ll\'tl;;)xln}ml S AR I L LN I S N D I B I ) :u; ;g rj.: : ié 35
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Bareilly . | 48 | 63| o8| 105 | 101,125 | 120 | 100 | s | ra | oo ' 30| 36
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Caleutta | 54 | 71| 03| 132 | 180 172 | 147 | 124 | 196 | 110 | na| S5 X0
Silchar . .| % | 49| 67| 38| st] 83| te| tal 72| en| el 0] B
Nagpur. .| 35 | 60 | S| 101 /122156 | 176 | 177 | 158 | 119 | a3 | 29| 45
Buldana . 24 1128 | 148 | ITS 1 226 207 | 978 | 241 | 217 | 9 " 83 . 65 63
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Poona . .| T3 1132 | 157 | 194 | 238 | 333 | 401 | 301 | wgo | oo | 282288 4 239
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Bangalore . | 32 91| 82 84| 84 128 203 :’OS ‘1'\2 1135 82 78 T2
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Rangoon, . | 40 | 104 | 981 121 | 157 ' 125 | 131 | 130 | 1oy | 18| 2, 881113
Port Blair . | 81 | 174|128 ] 110 | 126 183 | 238 | ugg qfé 98| 9710 | 128
: ‘ <1280 1160 | 175 | 173
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Wind Measurement.—At land observatories the wind
is measured by means of the anemometer—an instrument
which consists of four hemispherical cups, mounted on light
horizontal cross arms, which, being set in rotation by the
wind, communicate the movement through a train of wheet
work to an index, which shows on a graduated dial, either
the number of revolutions or the distance travelled by the
wind, The instrument is set up usually on the highest
point of a building, if possible above and free from all
obstructing objects, such as trees, higher buildings, cte.,
around. This condition cannot, however, be always secured,
and at some observatories the register of the wind from
certain quarters is interfered with to an extent which can
only be vaguely estimated.! In some places it is mounted
on the top of a pole, but as these are of various heights,
and every additional foot of elevation reduces the retarding
effect of ground surface friction on the wind, under the

most favourable circumstances, the anemometric revisters of

different observatories are only roughly comparable with
each other. The direction of the wind, as chown by the wind-
vane, 1s also very much influenced by purely local conditions.

In the above table no register is included that has been
obtained at a less elevation than 20 feet above the ground,
or where obstructions are known to exist in the immediate
neighbourhood of the recording instrument. At Calcutta,
Nagpur, Bombay, Deesa, Kurrachee, Poona, Belgaum, Madras,
and Rangoon, and at some other stations not included in
the above list, both the movement and direction of the wind
are recorded continuously on a sheet or strip of paper set in
movement by clockwork, and at these stations all changes
of rate and direction can be determined from hour to hour
or any shorter interval, but at the majority of the observa-
tories the anemometer dial is read oft once or twice only in
the 24 hours, and the direction at the time of observation
noted by the wind-vane.

1 A list of the elevations of all anemometers at the Indian observatories,
with notes of their position and that of obstructions, if any, was given in the
Report on the Metcorology of Indic in 1885, p. 113.
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Beaufort’s Numbers.—At sea, it has long been the
prattice to estimate the foree of the wind instead of its rate
of movement, and to, express it by the series of numbers 1
to 12, according to a scale proposed by Admiral Beaufort
and given below. These are known ‘as Beavfort’s numbers.
By comparing the forces thus estimated at Holyhead pier
lighthouse with the registers of the autographic anemometer
on the dome of the lighthouse, an approximate evaluation of
Beaufort’s numbers, in terms of the rates of movement, has
been obtained by Mr. R. H. Scott. These are given in the
right hand ecolumn of the following table :—

Approximate Velocity,

Force. DBeaufort Scale. Miles per hour,

0. Calm . . . . . . . . . . 0O0Oto 5
. or just sufficient to give steer- )
1. Light air. { age way o . . 6,10
. or that in which a well-con-
g. él\g];l;{; bl:(f(f?c . ditioned man-of-war, with {1 to 2 knots 11 ,, 15
3. Mco(llc:atécf):? - a?l sail set, and clean full, »3 , 4 ,, 16, 20
. ceze }\ould go in smooth water {5 ,, 6 , 21 , 25
Tom
5. Fresh weeze . :
6. Strong breeze . ) (R"()yals,'etc. : i ) 28 30
s Single-reefed topsails and 31 . 36
' ' & that to whiel top-gallant sails ”
7. Moderate gale . \ she could jus; Double - reefed  topsails, 37 . 44
8. Fresh eale carry in chase, ‘J.lb’ cte. . v
g full and by Tnlt)le - reefed  topsails, % 45 . 5o
etc. o
9. Strong gale Close-reefed topsails and | 53 . 6
J ) L courses yue e 0
or that \1\'1th which she conld
10. Whole gal . scarcely bear close-reefed
gaic }nam .ltopsall and reefed : . 61,69
oresai
11. Stor . or that which would reduce -
orm ’ { her to storm staysails 70, 80
12. Hurricanc _ [or that which no canvas conld 80 “and
1 withstand : * unpwards,

These numbers will be sometimes referred to in the section
on “Storms in Indian Seas” in the second part of this
worls.

Wind Pressure—A third mode of expressing wind
force is by the pressure it exerts per square foot of surface ;
and this is the form in which it is of most use to architects
and engineers. The pressure is sometimes computed from
the rate of movement, but the result so obtained is of little

D
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practlcal value, since it gives only the mean and not the
maximum pressure, and stormy winds always blow in gasts
which may vary from 5 or 10 to 50 lbs. in the course of a
few scconds. It is better shown by a pressure gauge, of
which several forms have been -devised.  That whicn
registers the pressure autographically at the Caleutta ob-
servatory, known as Osler’s anemometer, exposes the surface
of an iron plate one foot square, which is maintained facing
the wind and transmits its pressure to springs of known
resistance. The pressure thus indicated is, however, not
the same that would be exerted by the same wind on cach
square foot of an extended surface, such as the face of a
building, and differs with the form of the plate as well as
with its dimensions. In the opinion of Professor Stokes
and others who have studied the subject, such a plate in-
dicates a higher pressure than would be exerted by the
same wind on each square foot of a masonry structure.
But it may represent more nearly that on a lattice girder,
which, like the pressure plate, allows the air to pass and
form eddies on the rear face.

Diurnal Variation of Wind.—L von‘whcle in India, as
far as observation enables us to verify the fact, except per-
haps in certain positions on the mountains, the movement
of the wind is more rapid in the daytime than at night,
and most rapid at the hottest time of day. Indeed it
varies very ncarly with the temperature of the air. The
same thing has been observed in other countries, but, like
most of the regular periodical changes of the atmosphere, it
is so marked in India, that it must be recognised by any
one whose attention is once directed to it. The air is most
still just before sunrise, indeed at certain times of year
absolutely calm; and in and about large cities, where, in
this stagnant condition, it becomes charged with mephitic
gases and vapours, it is extremely questionable whether the
Indian habit of taking exercise before sunrise is not rather
prejudicial than otherwise to health, But the rising sun at
once stimulates its movement, which increases rapidly in
the earlier hours of the forenoon, and about 2 r.M., as a
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frumml rule, thes wind blows with its greatest force, after-
wards declining at almost exactly the same rate as the
temperature falls.  Bhe hot winds of Northern India in the
spring months are essentially diurnal winds, springing up
in the forenoon, blowing with some strength during the
heat of the day, and sometimes not falling to a Iull till long
after sunset.  They are Jand winds, and derive their heat
from the ground, which is much hotter than the air, while
their dryness is such that paper becomes brittle, and furni-
ture and woodwork of all kinds shrinks and tends to fall to
pieces by the loss of the moisture which, in more ordinary
conditions of the air, all such organic substances hold ab-
sorbed in an insensible form.

~ On the coasts, as for instance at Bombay, the sea winds
follow a very similar course of variation during the drier
months of the year, but, at the height of the monsoon, any
diurnal variation in the force of the wind is less appreciable
and hardly to be recognised by the casual observer.

In some parts of the country, at certain seasons, over
and above this vatiation in the rate of its movement, there
is a well-marked change of the wind’s direction in the
course of the day. On the coasts, as is well known, in the
long lull between the monsoons, and generally in calin
states of the atmosphere, a land wind at night and in the
early morning alternates with the stronger sea breeze of the
warmer hours. At Calcutta, sixty-eight miles from the sea,
the variation is of a different character. In the spring
months, during the hottest hours of the afternoon, the wind
frequently blows from the west, being in fact the land wind
of the Upper Provinces, and is chamcterlsed by the heat
and dryness of that wind in a somewhat mitigated degree;
but, in the evening, it yields place to a cool southerly wind,
in fact, a late sea breeze, blowing up from the wide estuary
of the Hooghly.  This latter does not reach the more inland
stations, such as Kishnaghur and Berhampore, and such
stations, therefore, do not enjoy the refreshing change which
ushers in the Calcutta dinner hour, and affords some hours
of comparative coolness and rest. Easterly winds are
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most frequent in the carly hours of the*morning, chiefly
in October and November, and are too often tainted with
the unsavoury exhalations from the Ualeutta sewage amd
refuse, which are discharged in that direction on the horders
of the Salt Lake.

In the valleys of the Himalaya, as in all mountainous
countries, there is a tendency to an up-valley wind in the
daytime and a down-valley wind at night; but, as o rule,
this tendency is shown, not so much by a distinet reversal
of the directions In the course of the day, as by the ex-
clusive prevalence of one or the other wind at its appro-
priate hours, alternating with a comparative calm.  The
up-valley wind is felt most strongly on the passes, where,
as General Stracley has described it, it sometimes blows in
the afternoon with such force as to present a serious ob-
stacle to travellers. On the other hand, the down-valley
wind is strongest where the great valleys debouch on the
plains. At Hurdwar, at the mouth of the Ganges valley,
where it is known as the Dadw, it sometimes blows with
such force, in the early morning hours of the cold weather,
as to Dblow down the tents of persons camping in the
vicinity.

In point of fact, there is perhaps no station in any pert
of India which has not a characteristic diurnal variation in
the direction of the wind. Such has been shown to exist by
Mr. Hill at Allahabad, by Mr. F. Chambers at Kurrachee,
and by Mr. C. Chambers at Bombay; and it is equally
evident in the records of the anemographs at Lucknow and
Nagpur, published monthly by the Meteorological Office.
But, in most cases, it is not manifested by a distinet change
of the wind, but only in a more or less slight modification
of the direction prevalent at the season, and has a scientific
rather than a general interest.

Annual Variations. The Monsoons.—The reversal of
the prevailing winds, which takes place twice regularly in
the course of the year, has long been familiar under the
name of the monsoons to all who have any knowledge of
the east. It holds good in all parts of the country, but the
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directions are by*no means everywhere those by which the
monsoons  are commonly kunown.  The terms  south-west
and north-cast are, inf fact, truly deseriptive, only in the Bay
of Bengal and the western half of the Arabian Sea. And
for this reason, in dealing with the land, it is better to
substitute for them the equally distinetive but less mislead-
ing designations, swmmer and winter monsoons, as will be
done throughout this work.

Figs. 3 and 4 (pp. 25 and 20) exhibit the average wind
directions, both on India and the seas around, in the months
of January and July, when the two monsoons are respect-
ively at their height. The relative steadiness of the wind
is indicated Dby the lengths of the arrows, some of the
longest representing 90 per cent of the obscrvations and
upwards.

The winds are lightest in the cold season of Northern
India, that of the winter monsoon. In the Punjab, even
in the daytime, on nearly half the days at this season, there
i3 not wind enough to stir the cups of the anemometer;
and all down the Tiangetic plain, while a calm state of the
atmosphere is very common, light zephyrs are the chief
movement of the air, until the sun of March and April has
sufficiently heated the ground to set up active convection
and give rise to the hot west winds.  On the higher ground
south of the GGanges and Jumna, the movement is somewhat
greater and more northerly, and the same is the case in
Lower Bengal; but, as the table on a preceding page
shows, up to the end of February, at nearly all stations it is
less than 100 miles a day. In the peninsula at this
season the wind is easterly, between north-east and east in
November and December, and more easterly and southerly
in January and February, while, on the west coast, it is
light from north and north-west.

At times indeed, and in some seasons more than in
others, the light northerly and westerly winds of Northern
and Central India are suspended for many days together,
and replaced Dby light winds from the opposite. quarters.
These are warmer, damp and oppressive, and the vapour
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brought up by them is cnndcnscd, first clouding the Hima-
laya and then the plains, and finally turning to rain, the
cold weather rainfall of Northern Indid

In the north of the Bay of Bengal the north-east monsoon
is very light, and often an absolute calm prevails for days
together.  In the lieart of the bay, and from the mouths of
the Godavery southwards, it blows more steadily, and is
often strong to the south of Madras, producing a rough sea
and, up to January, stormy weather off Ceylon and in the
south of the bay.  On the Arabian Sea it is very licht near
the Indian coast, but becomes stronger and steadier farther
west, blowing from between north and north-east,

In the north-west of the bay, on the coasts of Bengal
and Orissa, the winter monsoon may be said to have ceased
by the end of January, but light northerly winds continue
some wecks longer down the Arakan coast, and in the middle
and south of the bay it lasts well into Marel, becoming
less steady and by degrees shiftine towards the east. In
the Arabian Sea, on the other hand, it backs through north-
west to west, as the barometer falls over {he land in conse-
quence of the increasing heat; but the weather remains fine,
and the Arabian Seq is seldom disturbed by stormy weather,
such as, after March, sometimes occurs in the Bay of Bengal
in the interval between the winter and summer monsoons,

On the coast of Bengal southerly winds begin to set in
as early as the end of January, at first merely as afternoon
sea breezes.  Little by little they penctrate farther inland,
blowing night and day, and also extend their range down
the coast and farther out to sea. In the ecast and south of
the peninsula the east and north-east winds of the cool
season also veer to south-east; but in Northern India, on
the plains of the (lauges and the higher plains and hilly
country to the south of that river, the westerly winds
strengthen and become hot and drier. In the meeting of
these and the sea winds are generated the thunder-storms
and dust-storms characteristic of the spring season.

Up the Gangetic plain along the foot of the Himalaya,
and over the crests of the 10\\er hills, easterly winds advance
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ear]ier than on the plains to the south, feeding the diurnal
storms, often accompanied with hail, which are commmon in the
spring, and adding eopiously to the snows of the higher ranges;
and, recurving from the hills, they are often felt as north-
east winds on the plains of the Ganges, as at Purneal,
Patna, Benares, Allahabad, and Lucknow. Meanwhile,
Western India, north-west winds, sometimes changing to west,
blow very steadily in Rajputana, Guzerat, Klmudesh Berar,
and the north-west of the peninsula; and these being very
dry, rain scldom falls in this part of India during the spring
nor indeed, except in the rare case of a winter dlstmb'mce
in some part of this region, or of a cyclone crossing from
the Bay of DBengal, during the whole interval between the
cessation of one summer monsoon and the beginning of the
next. Dut in the south and east of the peninsula, where
the winds of the earlier months are east and south-cast,
little thunder-storms occur, as in Bengal.  Fig. 15 shows
the average wind directions in the month of May. ‘

In May, while licht west and north-west winds still
sweep the Arabidh Sea, in the Bay of Bengal south-west
winds have sprung up, but somewhat uunsteadily and often
interrupted by calms; although this condition is less com-
mon than in March and April. The summer monsoon,
accompaniced with heavy rainfall, now sets in on the' west
coast of Ceylon and Travancore, and, in the eastern peninsula,
on the coast of Tenasserim, and in the course of two‘ or
three weeks has taken possession of the bay and the Arabian
Sea up to their northern coasts. It invades India fro.m these
seas in two main currents. That from the Arabian Sea
blows on the west coast from directious between west al'l(l
south-west, sweeps over the western Ghats, on wh.ich it dis-
charges a very heavy rainfall, and continuing 1Fs course
steadi]y across the Dececan, holds undisputed posse§810n'0f t?le
peninsula up to the end of August. In the interior its
direction is most commonly west, especially in the Deccan,
where it is strongest and steadiest; but in the south it often
changes to south-west, and, at slack intervals in all parts of
the peninsula, sometimes to north-west.
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The other branch sweeps from south-west up the greager
part of the bay; a part passing directly over Burmah and
Assain towards the eastern Himalaya. The remainder
curves to south in Bengal, and farther recurving along the
face of the Himalaya, becomes an casterly wind up the
Gangetic plain. To some extent it penetrates the north-
castern part of the peninsula, but this is exceptional until
near the end of the season, and it sweeps past the Carnatic,
withholding from that province more than a scanty share
of the rainfull which it carries abundantly to Bengal,
Assam, and, in a minor degree, other parts of Northern India.

In the Punjab, during the summer monsoon, the winds
are somewhat variable. Easterly winds predominate, and
these are partly drawn from the current blowing up the
Gangetic plain.  DBut the westerly branch of the monsoon
from the -coasts of Sind, Cutch, and Guzerat blows across
Rajputana as a south-west wind, and in part coalesces with
the former in the northern Punjab. And, at intervals, the
easterly wind yields place to a dry wind from the opposite
quarter. This takes place during breaks fn the rains; and,
in seasons of drought, west and north-west winds hold
possession of North-western India for weeks together, pene-
trating eastwards across Central India and down the
Gangetic plain, even to Bengal, and southwards to the
Deccan and Hyderabad. Such was the case in the dis-
astrous years of 1876 and 1877, and during the prolonged
suspension of the rainfall in 1880 and 1883.

In Lower Sind the summer winds are chiefly south-
west; in Upper Sind south-east or south; but the atmo-
sphere is often calm, and rarely indeed does rain visit this
arid tract. On the Baluchistan tableland, which rises to
5000 feet and upwards immediately to the west of Sind, the
prevailing wind throughout the season is from north-west,
The same wind would doubtless prevail in Upper Sind, were
it not for the mountain barrier and the fact that winds do
not readily descend from a higher to a lower level But
there is little doubt that, descending in a very flat air cata-
ract and brought down by convective intermingling with the
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lower atmosphertt layer, it is this current that feeds the dry
west winds of North-western India.

We have scen thiit while a west wind holds almost un-
disputed sway in the peninsula up to the Satpura range,
an easterly wind is only less dominant along the northern
border of the (jangetic plain and on the Himalaya. The tract
between these, which comprises the greater part of the loop of
the isobar 29-50,0n the July chart on Fig. 4, p.26, is debatable
ground in which sometimes one, sometimes the other, predo-
minates; more often the stronger westerly current. The
distribution of the rainfall in this region will be described
later on; but it may be here mentioned that, throughout
the monsoon, the cyclonic storms which are generated in
frequent succession in the north of the Bay of Bengal (some-
times also over the Gangetic delta, or in Chutia Nagpur),
as a rule, travel along this debatable zone. Such, for in-
stance, was the case with the storms illustrated on Figs. 16
to 23. Twther details on this subject may be reserved
until we come to (}escribe more fully the natural history of
these storms.

On reference to the table on page 31, comparing the
rates of movement in the sumimer with those of the winter
months, it will be apparent that the summer monsoon is a
much stronger current than its winter correlative; and in
India this fact is recognised in popular language, since it is
often spoken of distinctively as “the monsoon,” the claim
of the winter monsoon to the same designation being, for
the moment, tacitly ignored. On land, in fact, the winter
monsoon blows so short a time, and is so unsteady and fre-
quently interrupted, that it is far from impressing the lands-
man in the same vivid manner as the seaman, who has
perhaps to beat up the bay against a steady head wind; and
his attention is rather turned to that feature of the season
which is far more striking and important than the direction
of its gentle wind.  In his consciousness of awakened energy,
the expatriated European feels that it is also the cold season,
refreshing and invigorating, and affording him a climate,
than which, as experienced in Northern India, Italy itself
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can offer nothinj_: more delightful. The thinly clad native,
inured to heat, and living in a drauchty hut, with perhaps
a single meal a day of less stimulating” food, is less enrap-
tured with the delichts of the cold weather, but he is not
less conscious than his European brother of this its most
characteristic feature, which he feels in the early morning in
benumbed limbs and torpid faculties, and which he endea-
vours to meet by swathing his head and mouth in a fold of
his body eloth, and cowering over the embers of his little
fire, till the warmth of the ascending sun restores him for
some hours to his state of normal activity.

But in spite of this tacit recognition of its superior
force and steadiness, it would be a mistake to suppose that
the swinmer, any more than the winter monsoon is a per-
sistent and unvarying movement of the atmosphere, In
Northern India, at least, the wind changes frequently both
in direction and strenoth; and even a ealm state of the
atmosphere, though far less frequent than in the winter
months, is by no means so rare as to ln, regarded as phe-
nomenal, even in Bengal and the eastern part of the
Gancetie plain, while farther to the north-west, and more
particnlarly on the hills and in their neighbourhood, the
record of calins constitutes a very appreciable and, at some
stations, a large proportion of the wind registers, throughout
the summer monsoon. It has already been mentioned that,
in some sewsons, it is excluded, for weeks together, from a
great part of its ordinary domain, which is then invaded by
dry winds {row the opposite guarter; and these prolonged
periods of its suspension are but a magnified form of those
interruptions, intervalg of sunuy weather known as “ breaks,”
which alternate with bursts of rain as an ordinary feature
of the scason.  In fact, the goal of the monsoon, the place
of low harometer to which s course is directed, is constantly
changing.  Generally it lies beyond the limit of the tropic
on the western side of India, or not far within it on the
castern side.  The scat of lowest pressure in Sind is pretty
stable, but very little of the sea wind ever reaches it ; it is
rather to the zone indicated by the loop of the isobar 29-50,
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on the July chant Fic. 4, or still farther to the south-east,
that the main volume of both branches of the monsoon is
directed, and within®this tract the seat of lowest pressure
is constantly shifting.

At times, indeed, both branches of the monsoon relax
their strength, and fair weather with a moderate wind pre-
vails for days or even weeks over a great part of the
adjacent seas.  On the Arabian Sea this ocenrs during those
invasions of the continent by north-west winds above spoken
of ; on such occasions the mail steamers cross from Bombay
to Aden with fine weather and licht winds, similar to those
usually experienced before the monsoon sets in.

Towards the close of the scason, in September, the rain-
bearing wind ceases to penetrate to North-western India, and
is directed rather towards the north-cast of the peninsula
and the adjacent portion of the Bay of Bengal @ the winds
of Bengal become more easterly, and those of the northern
provinees of the peninsula more northe v, By degrees,
the seat of low humme(«r moves farther south, till, in the
latter part of ()(‘tulnr and Navember, it lies over the hay,
opposite the coast of Madras, This is the scason of the
Carnatic rains.  In Novenmber, the winds are very variahle
in the south of the bay, between Sumatra and Cevlon, shift-
ing to all quarters from south-west round by north and east
to south-east, aud often calm. In December calms are very
common in the south-cast of the hay, ofl Sumatra, and at no
titne does the north-east monsoon blow so steadily i Tati-
tudes south of Cevlonas in the Bay of Bengal at this season,

Relations of Winds to Regions of High and Low Pres-
gure.— Forthose whose only object in consulting these pages, is
to gain some general idea of the character of the winds at the
different seasons of the vear, the above deseription may sutlice,
But for those who desire to g¢o farther, to understand the
meaning of weather reports and charts, and something of the
principles on which weather prediction ix hased, and for sea-
men, to whom it is a matter of paramount importance to
cather as much knowledge as possible of the weather round
about them, and especially of their position in a storm, from
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the indications afforded them by their barometer and phe
wind direction, it will be necessary to go somewhat farther
into the subject, and to show at greatet length than has yet
been done, how the winds are related to regions of high
and low barometer.

The preceding description of the two monsoons, taken in
connection with the distribution of pressure and the pre-
valent wind directions exhibited on the barometric charts on
Figs. 3, 4, and 15, has already afforded a striking illustration
of the general fact that winds blow from a place where the
barometer is high to that at which it is relatively low.
But it has also shown that the course they follow is not
direct, but, on the contrary, very circuitous. And since this
course is no local peculiarity, but that which winds always
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F1g, 5.—-CycLoxe AND ANTiCyCLONE [Diagram].

follow under the like circumstances in the northern hemi-
sphere, it will be desirable to describe it more particularly
in relation to the seats of high and low barometer generally.
Except that in a cyclone the action is more concentrated
and localised than in the case of the monsoons, the descrip-
tion will equally apply to both.

To make the facts as clear as possible I will, in the tirst
place, exhibit them in the form of a diagram, which may
afterwards be compared with the results of actual observa-
tion, represented on the storm charts, Figs. 16 to 23, or
with the general description of the monsoons, in connection
with the two charts of average pressure and wind distribu-
tion on Figs. 3 and 4. Let the right hand circle in Fig. 5
be supposed to represent a regzion where the barometer is
highest, and the left hand circle that where it is lowest,
the intermediate lines indicating a number of isobars of
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intgrmediate gradations of pressure. Then the winds that
blow outwards from the region of high barometer, if in the
northern hemispherey instead of blowing directly outwards
like the spokes of a wheel, all take an increasingly oblique
course to the right of the radial direction, as shown by the
arrows, and those that blow in towards the region of low
barometer all blow obliquely to the right of that course
which leads directly to the centre. The result is that the
former describe a series of spirals curving round the seat of
high barometer in the same direction as the movement of
the clock hands; the latter, a series of spirals circulating
round the seat of low barometer against the direction of the
clock. The latter represents the miovement of the winds
in a cyclone. They do not blow, as was formerly supposed,
in a circle, but as is represented on the diagram. For proof
of this the reader has only to refer to the charts on Figs.
16 to 23, where the arrows represent the winds observed
and the small circular isobar the eye of the storm.

When, as in the case of the monsoons, neither the seat
of highest baromeler nor that of lowest barometer is a circle
or any other regular figure, the course of the winds is not
in such regular spirals as those shown in the diagram. It
is determined by the directions of the isobars, and, unless
diverted by some local condition, is always obliquely to the
right of a perpendicular to the isobar towards which it is
directed. The amount of obliquity depends on a number
of circumstances, the enumeration of which would be foreign
to the purpose of this work. ~ Asa general rule, the stronger
the wind, the more acute is the angle at which it meets the
isobar, and the nearer do they approach parallelism. Near
the centre of a cyelonic storm, in the North Atlantic, the
spirals become so flat that they approximate to the ecircles
which formerly they were supposed to be, but they are never
truly circular. In the Bay of Bengal this is less marked,
and I have not been able to detect more than a very slight
decrease of the radial component in the published storm
charts.

Around a region of high barometer the pressure de-
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creases slowly, and, when represented on a chart, the isul‘mrs
are far apart. In other words, the barometric gradient is
low, and, as has been stated in the previous section, under
these circumstances the winds are light, and radiate more
dircetly outwards than where the pressure decreases rapidly.
This is why, when the barometer stands high, indicating
that the scat of maximum barometer is in the neighbour-
hood, the winds are gencerally licht, as is the case in North-
western India in the winter months.  On the other hand,
when it shows a very low atmospheric pressure, it frequently
happens that a cyclonic storm is in the neighbourhood, and
around such a storm the barometric gradients are high and
the winds strong,.

The system of winds around a region of low barometer,
even when less strong than in the storms, originally termed
cyclones, are frequently spoken of as a ecyclonic system
and those around a seat of high barometer as an anti-
cyclonic system.

These remarks, which are of general application, will
suffice for the present. The whole sulfect of storms, and
the indications which are of most hmportance to the mariner,
together with a further subject equally essential to his
guidance, viz. the direction in which storms travel, will be
treated of more conveniently and at length in the subse-
quent section on storms and in the second part of this work.

DAMPNESS AND DERYNESS

Relative and Absolute Humidity.—The dampness and
dryness of the air, as these terms are generally understood
in ordinary language, have reference, not so much to the
quantity of moisture which it lolds suspended, as to the
readiness with which it parts with this moisture to objects
capable of absorbing it, or, on the other hand, deprives
them of that which they hold absorbed. Now this depends
quite as much on the temperature as on the quantity of
vapour present in the air. The atmosphere of Great
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Jritain in the winter, when the thermometer stands, let us
say, at 40° is usually very damp; but if this same air
were at the May temperature of Calcutta it would be an
exceedingly dry atmosphere.  Dampness and dryness, in
¢this sense, are the conditions mest important to us, both in
respect of our own bodies, and also as affecting vegetation
of all kinds; and only, therefore, in this sense, will it be
necessary here to discuss the subject. In technical language,
it is spoken of as the relative faemidity of the air, in con-
tradistinction to the absolute hwmidity, which has reference
only to the amouut of water vapour present, independently
of the temperature. )

It is convenient to have some way of expressing numeri-
cally the degree of dampness (of which dryness is of course
the correlative), and the plan universally adopted is to
regard completely damp air, usually termed saturated”
air, as a standard, and to express the degree of dampness
as a percentage of the saturating quantity. Thus, when
it is stated that the relative humidity of the air is
50, the meaningeis that it holds just half the quantity

of water vapour that it is capable of taking up at that
temperature.

Methods of Observation.—The humidity of the air is
an object of observation at all observatories, and not the
least important. As an element of climate it is probably
one of the most important. The method adopted is an
indirect one, and requires attention to some points of detail,
which need not be insisted on here. But it is very simple
in practice, and when properly attended to is found to give
a very near approximation to the truth. It consists in
taking the readings of two thermometers suspended at a
little distance from each other, under the same counditions as
other thermometers (see page 6), one of which shows
the temperature of the air, the other, having its bulb covered
with a single fold of wet muslin, the temperature of a freely
evaporating wet surface. From these two readings the
humidity is found by the use of a special table.

Variations of Humidity in India.—One characteristic
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feature of the climate of most parts of India is its great
variability with respect to humidity. In the rains, during
a spell of very wet weather, the air is sometimes saturated,
or has a relative humidity of 100. But when a hot wind
is blowing, such as is common in April and May in the
Upper Provinces, it is frequently less than 10, and has
been known to fall to 3 ; as dry a condition as is probably
to be met with anywhere in the world. At Agra, in May
1884, on the mean of the whole month, it was only 20,
and at Roorkee but little higher. In Scotland, Mr. Buchan
states that 73 is about the lowest humidity that occwrs in
the driest month, which, there also, is May.

Fortunately for us, when the heat is very great, the air
is always dry; fortunately, I say, because it is the rapid
evaporation from the skin, evaporation which can take place
only in a dry atmosphere, that enables us to withstand the
heat. As some of those who have made the passage down
the Red Sea in August or September may have experienced,
an atmosphere at 90° which, though not saturated, is, at all
events, very damp, is insupportably opprassive, but the hot
winds of the Upper Provinces, with a temperature between
11 ;2" an.d 118° if not exactly agreeable, are borne without
serious inconvenience.

Diurnal Variation.—The humidity of the air varies
during the day almost exactly in the opposite manner to
the temperature.  The atmosphere is most damp in the
early morning before sunrise; in fact, the fogs that are so
common in the early morning in the cold weather testify
that the air is then saturated, for fog cannot exist in air
that is not in that condition ; and the dissipation of the fog
soon after sunrise affords evidence of the increasing dry-
ness.! The driest time of day is the same as that of the
highest temperature, and the humidity increases in the later

hours of the afternoon and evening, as the temperature
falls.

f A remarkable exception to this ordinary sequence occurs in Assam,
which ‘I ouce had the opportunity of verifying personally. Its probable ex-
planation will be given farther on (p. 55). .
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Dryness and Dampness dependent on the Winds.—The
dryness of the warmer hours of the day is not due solely or,
to speak more correctly, not directly to the warming of the
air. It is partly an effect of the movements set up in the
1ower atmosphere by the greater heating of that layer which
rests immediately on the ground, in consequence of which
the whole atmosphere is stirred up eventually to a height
of some thousands of feet in dry weather; and thus, while
the damper and more heated air ascends, drier and originally
cooler air descends from a higher level to replace it. This
action, which takes place in all countries more or less in dry
warm weather, is developed in India in a very high degree,
and most so in the dry atmosphere of the Upper Provineces.
This, in fact, is the real explanation of the extreme dryness
of the hot winds above referred to. In substance, they are
part of an air current coming originally from the western
mountains and blowing far above the earth’s surface, but
brought down to the lower level by the action just described.
Originally it is indeed much cooler than the air which it
displaces, but it is speedily heated, partly as a necessary
consequence of its descent,' and partly by contact with the

"ground glowing in the sunshine. It is not improbable that

the well-known healthiness of the hot season is in some
measure due to this stirring up of the atmosphere, the
removal of all mephitic exhalations, and the invasion of the
lower atmosphere by the purer air drawn from the high
level of the mountain zone.

The part played by land winds in India is only be-

. ginning to be fully recognised. As has been set forth in

the preceding section, they occur at all seasons of the year,
while in none are they exclusively prevalent. They are
characterised partly by their direction, which, in Northern
India, is always westerly and, to some extent, northerly, but
chiefly by their dryness, of which some instances have already
been given. When they penetrate to Southern India they are

1 Dry air, descending through the free atmosphere, is heated 1° for every 183
feet of its descent, in virtue of the compression which it undergoes as it be-
comes subject to the increasing weight of the superincumbent atmosphere.

E
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more northerly, but retain somewhat of their westing, except
in the cold season, when they are between east and north-east.

Winds that come originally from the sea, however great
the expanse of land they may have traversed, unless, indeed,
like the westerly summer monsoon of Southern ludia, they
have Dbeen driven to a great height over a mountain range,
are relatively damp winds.  As an almost invariable rule in
India, except temporarily and locally, they are more or less
southerly ; but while in Western India, in the greater part
of the peninsula, and in Assam, Arakan, and Burmah, they
combine this dircction with more or less westing, in the
Gangetic plain and the neighbourhood of the castern coast
they are from south-east or even more easterly.

Geographical Distribution of Humidity. — Different
parts of India are characteristically dry or damy, accordingly
as one or the other of these winds is most prevalent.  North-
western India, including all the northern portion of the
Bombay DPresidency, is more particularly the domain of the
former; North-eastern India, Assam, and the western part
of the Burman peninsula, together with the western margin
of the Indian peninsula, that of the latter. The following
table shows the mean humidity of the several provinces of
India. It must, however, be remarked that different parts
of one and the same province sometimes afford a consider-
able range of variation :—

MrAN AxyzvaL HuMinity o¥ TR SEVERAL PROVINCES OF INDIA

Provinces. Rel. Hum, Provinees, 2
Ladak . . . ¢ Orissa . . . el ]7I(|ilm'
N.W. Himalaya (lower ranges) 62 Central Provinces (southern) 59
Nepal Valley . . 72 Berar and Khandesh . 53
Sikkim Himalaya . . 84 Konkan and Surat . . 72
Baluchistan . . . 50 Deccan . . . 55
Sind! and Cutch . . 50 | Hyderabad and Bellary . 51
Punjab Plains . . . 55 Northern Cirearsand Godavery 71
Rajputana . . . 48 Carnatic . . . . 67
Guzerat! | . . . 47 Mysore . . . . 66
Central India Platean . 50 Malabar and Coorg . . 79
Nerbudda Valley . . 55 Ceylon o . 80
N.W. Provinces and Qudh . 59 Arakan . . . . 80
Behar . . . . 65 Pegu . . . . . 77
Bengal . . . . 80 Tenasserin . . . 80
Assam .| . . 80 Bay Islands . . 81
Chutia Nagpur . . 57

1 Exclusive of the coast.
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Hence the driest'parts of India have an average humidity a
little below 50, the dampest about 80.  Mountains, but not
high plains, have a damper atmosphere than the plains of
the same part of the country.

Annunal Variation.—In those parts of the country that
are intermedinte between the permanently arid and the
permanently damp provinces, the variation in the course of
the year is as great as between these geographical extremes,
and indeed greater. The rainy season which, in most parts
of India, lasts from June to September, is also the dampest
in nearly all parts of the country. But this is not the case
on the north-western frontier, nor in the Himalaya north of
the snowy range. At Quetta, Peshawar, Leb, and even in
Lahoul, the winter is the dampest time of year, as is also
the case in Western Europe, and indeed as a rule in extra-
tropical countries. On the plains of Northern India August
is the dampest month, the mean humidity being a little
below 90 on the plains of Bengal and Assam, and as
much as 95 at Darjiling, which is nearly the dampest station
at which an observatory exists. It is above 80 everywhere
to the east of Allahabad, but not farther westward, except
on the hills. On the plains of the Punjab, south of Lahore
and Umballa, and throughout Western Rajputana and Sind,
the mean humidity of August remains below 70. At Quetta
it is only 43, and at Leh, 48.

In the north of the peninsula, July and August are
about equally damp, their average humidity being about 85
in the provinces east of Nagpur, and 87 at Bombay and in
the Konkan generally. But in the Deccan, to the east of
the Ghats, it is everywhere below 80, and in the drier parts
below 70. TFarther south, in Malabar and Travancore, it is

* about the same as in the Konkan or a little higher, between

87 and 89; and at Mercara in Coorg, on the crest of the
Ghats, as high as 97 in July and 95 in August. This
station, in the rains, is damper therefore than even Darjiling.
On the high plateau of the peninsula it is 77 at Bangalore,
and only 62 or 63 at Bellary. Throughout the interior
and eastern half of the peninsula south of Orissa, September
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is damper than either of the preceding months; and as we
proceed farther south, the dampest season falls later and
later, being in October and November at Masulipatam, in
November at Madras, and in November and December from
Negapatam southwards as far as Hambantotte in the south
coast of Ceylon; thus following the rainfall. In Burmal it is
generally in July and August, as in the north of the Indian
peninsula.

The driest month in the year is November or December
on the coasts of Bengal and Orissa, February or March in
the interior of Bengal and Assam. Everywhere to the west
of Bengal April is the driest month; except in the Punjab
and Upper Sind, where it is deferred till May, and at Quetta,
Peshawar, and Leh till June. With local exceptions, the
average humidity of April is below 30, from Agra south-
wards, all over Rajputana and Central India, the Central
Provinces as far south as Nagpur, in Berar, Khandesh, the
Deccan, and Guzerat, except on the coast; and at some
stations in the heart of this tract, such as Akola, Sutna, and

Indore, below 25. In Upper Sind and Western Rajputana,

and in the Punjab and North-west Provinces, except in the
neighbourhood of the hills, also in Chutia Nagpur and the
country south of the Lower Ganges, it is between 30 and
40, but castwards it increases rapidly, and in the drier
parts of Bengal averages little below 60, though on certain
days it may fall to 30 or even lower. At the Alipore obser-
vatory, in a suburb of Calcutta, the average of February and
March is 69; but in the more closely-built suburb of
Chowringhee only 66, showing that small differences of posi-
tion may make an appreciable difference in the dryness of
the air. In the valleys of Assam and Cachar it is 70 or
higher ; at Sibsagar, in Upper Assam, as high as 79.

On the west coast of the peninsula the driest time of
year is between December and February, when the
humidity falls to 70 or a little lower; at Rutnagiri appar-
ently to 60 on the average of the driest month, and at
Mangalore to 62. At these two stations the observatory is
situated on high ground, which is not the case at the other
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stations on this coast. They afford another instance of the
variation of the dampness of air due to small changes of
site. In the Deccan and Hyderabad March and April are
the driest months, and this is also very generally the case
in the south-east of the peninsula, except on and near the
coast, where the driest period is as late as June and even
July ; but throughout the Carnatic the air is comparatively
dry in all these months, the humidity varying between 61
and 64 on the coast to a little above 50 in the interior, in
the driest months. At Trincomalee, on the east coast of
Ceylon, July is the driest month in the year. '

In Burmah it varies between January at Mergui, in the
south of Tenasserim, and March or April in the north of
Pegu, where, at Thyat Myo, the humidity averages only 5 6.
Even at Rangoon it falls to 62 in February. Observatories
have only lately been established in Upper Burmah{ and th.e
only exact information that we have of its chmate‘ 18
furnished by a register kept at Mandalay for the first nine
months of 1879 and the last two months of 1886. In the
former year, March was the driest month, when the mean
humidity was as low as 43, and that at 4 p.. only 22.
September was the dampest, when it averaged 87. In this
respect, therefore, the climate of Mandalay would seem to
be comparable with that of the drier districts of northern
Bengal. It is certainly drier than any part of Pegu.

From this brief review it results that different parts of
India exhibit as great diversity in the seasons of dampness
and dryness as they do in their degrees, and it is driest
on the east coast of Ceylon and the Carnatic when it is
dampest in the north of the peninsula and on the west

coast.

Hazg, Fog, axp CLouD

Haziness of the Sky. Dust Haze.—However sunny
the sky of India, it is hardly to be described as an azure
sky. Of cloud indeed, save sometimes in the rainy season,
and at such a station as Darjiling, the amount is not such
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as to cause depression of spirits; but he wlo wends his vay
to India in the hope of living under a deep blue heaven,
like to that of Ttaly or Greece, will surely reap disappoint-
ment. The artist who seeks to depict a cloudless Indiap
sky will deal sparingly with his cobalt and ultramarine if
he would work truthfully, and not in the spirit of the en-
graver in a well-known story who introduced palm trees in
a sketch of Tunjab scenery. Except now and then, in a
fine interval of the rains, or at the hill stations of the
Himalaya in September and October, the pallor of the
celestial vault is its ordinary and persistent characteristic ;
whether it be due to thin diffused cloud matter at a high
level, or, as seems equally probable, to the haze of im-
palpable dust, which is carried up by the daily commotion
of the heated air, and darkens and sometimes even extin-
guishes the setting sun before it has dipped to the horizon.
So dense is this haze in the hot season, and to such heights
does it rise, that even at Simla, the opposite mountain
ridge, only four or five miles distant, is ofttimes invisible
through the murky atmosphere. That “the pallor of the
sky is, however, partly due to very attenuated cloud, seems
probable from some observations of Mr. Hennesscy at
Mussoorie. In the course of a long series of actinometric
measurements of the sun’s heat, it was necessary to watch
closely the appearance of the airial vault, and he frequently
descried a thin gauzy veil, which he designated as “ steam-
cloud,” creeping over the otherwise cloudless expanse, reduc-
ing the depth of the sky tint, and appreciably also the action
of the solar rays on the instrument.

On the plains the haze is almost constantly present, and
it is the exception rather than the rule, in the dry season,
that the slopes of the Himalaya are visible from a distance
of twenty or thirty miles. As far as my own experience
enables me to form an opinion, the atmosphere of Southern
India is less hazy than that of Northern India, but even
there a very clear atmosphere is exceptional.

Fog.—Fog is restricted to the damper provinces and the
cold season, and in them as a rule to the early morning.
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It is sometimes thick over the rivers, and also in the ex-

treme north of the bay off the Sunderbans, impeding navi-

gation ; but in Bengal it is dissipated an hour or two after

sunrise. In Assam, however, it often lasts till mid-day, and

sometimes presents a peculiarity of behaviour to which my

attention was first drawn by Sir Charles Elliott and Mr. C.

J. Lyell. This is that the atmosphere remains perfectly

clear till some time after sunrise; it then rapidly fills with

dense fog, and so r¢mains for several hours, when at length

the fog breaks up and becomes dissipated under the in-

creased warmth of the sun.  During a short visit to Assam

in December 1884, I onee witnessed this at Gauhati on the
bank of the Brahmaputra. The night was clear and starlit,
but the heavy drip from the eaves of the bungalow told that
the air was completely saturated, depositing dew copiously.
The ground on which the station stands is high, but im-
mediately in front flows the broad stream of the Brahma-
putra, and there are swamps and tanks in other directions
around. The air was perfectly still, unstirred by the slight-
est breath, and remained clear until the sun had risen about
half an hour, when, in the course of a few minutes, every-
thing around was obscured by a dense fog. As I was
leaving the station the same morning I had no opportunity
of investigating the matter, but the probable explanation
appeared to me to lie in the facts of the stillness of the
atmosphere during the night, of the alternations of land and
water surfaces, and of the saturation of the air probably to
a considerable height. It is well known that a land surface
cools more by radiation under a clear sky than one of water,
and the air over each such surface would approximate to
the temperature of that on which it rests. Owing to the
entire absence of wind, these air masses might remain un-
mingled, though at different temperatures, until set in motion
by the sun. But it is a well-known physical fact that two
masses of air at different temperatures, and both completely
charged with invisible vapour, when intermingled, can no
longer hold the whole quantity in suspension. The excess
must therefore be deposited as fog.
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These suggestions require verification, "which might be
supplied by any one who would suspend two minimum
thermometers half an hour before sunrise at the same level,
one midway over a tank or other water surface, the other
over the land at a sufficient distance from the shore, both
Leing sheltered to prevent radiation from the instrument.
It would thus be ascertained whether the difference of tem-
perature is such as is assumed in the hypothesis. For
this purpose the minimum temperatures would suflice,

Forms and Nomenclature of Clouds.—To an ex-
perienced eye the forms and movements of the clouds and
the general aspect of the sky are eloquent of impending

weather ; but save scamen, and among intelligent and ob-

servant nations, farmers and herdsmen, there are but few
who have learned their language and can rightly interpret
it, while such knowledge as these possess is for the most
part empirical and little capable of being harmonised with
the facts and translated into the language of physical science.
Among meteorological observers of the ordinary class it is
certainly rare; it cannot be learned from books, and unlike
the art of managing and reading a thermometer or a baro-
meter, cannot be imparted in a few easy lessons. The first
difficulty in the way of such teaching is the want of 4
sufficiently exact language to designate the protean forms in
which cloud masses present themselves to the eye; forms
which, for one and the same cloud, are different when seen
overhead and when seen laterally at a distance; and second,
the difficulty of identifying the particular kind of cloud in-
tended from a mere verbal description. Owing mainly to
this second difficulty, the art of cloud observation, as treated
in text-books, and still more in practice, is involved in end-
less confusion, and confusion is inimical to all advance in
knowledge.

At the beginning of this century, Luke Howard distin-
guished some of the principal and most characteristic simple
forms of cloud, giving them names which have obtained
universal acceptance. Two of these, applied respectively to
the highest and to the most common and familiar low cloud
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form, are easily referred to their proper objects, and are not
often misapplied. These are first, cirrus, feather cloud
or mare’s tails, the wisps of feathery or fibrous cloud often
seen against the blue sky far above any other kind of cloud ;
and, second, cumulus or heap cloud, the fine weather cloud

of the daytime, with a flat base and a rounded upper

surface. But a third name of a simple form, viz, stratus
or layer cloud, applied by its author simply to a fog bank,
whether resting on the ground or floating at some moderate
height above it, has been indiscriminately applied to
clouds of very different chavacter at great heights in the
atmosphere. It is really characteristic of the night and of
the cold weather, always on or near the earth, and the use
of the term should properly be restricted to such.

So far, however, it is comparatively plain sailing. But
when we come to deal with the innumerable forms which
oceur at all intermediate levels, and which are either modi-
fications of these or transitional forms, or compounded of
them and other simple forms, the difficulty of distinguishing
and identifying the several varieties becomes very great;
and very much yet remains to be ascertained respecting
their mode of formation and their movements, all of which
are essential to enable us to interpret their meaning and to
draw any trustworthy inference as to what they portend.

That this state of ignorance, which is a reproach to
meteorological science, will be allowed to endure much

“longer is, however, unlikely. For some years past, a few

excellent observers have devoted themselves to the special
study of clouds. Not to name others, Mr. Clement Ley in
England, Professor Hildebrandsson at Upsala, and the Hon.
Ralph Abercromby in the course of two journeys round the
world, have not only studied and recorded their diverse
forms with the aid of photography, but what is still more
important, have established their connection with those
other weather conditions in which they occur, and have
shown how certain important inferences may be drawn from
their appearance.

Of the results at which these observers have arrived,
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only a few preliminary sketches have as yét been published ;
but the following outline of a scheme proposed by Messrs
Hildebrandsson and Abercromby represents what will prob-
ably be the basis of the future classification of clouds, and
recognises the very important distinction between such as
are characteristic of fine and such as betoken or accompany
rainy weather. It may Dbe remarked in connection with
this scheme, that Mr. Abereromby, as the result of his widely
extended experience, finds that the forms of clouds are
similar in all parts of the world, the chief distinction heing
that certain of them are more common in some latitudes
and places than others.

MEessrs. HILDEBRANDSSON AND ABERCROMBY’S PROPOSED SCHEME OF
Croup CLASSIFICATION

a. Discrete tending fo rounded forms 3. Extended and sheet-like forms
(principally in dry weather). (rainy weather).,
4. Highest clouds, mean height 30,000 feet.
1. Fibre cloud [(frrus or mare’s 2. Thin cloud veil [fr’irro-sh'utus].
tails]. '
B. Medium elevation 13,000 to 20,000 feet.
3. Small globular cloudlets, shining
white like silk, 20,000 feet 5. Thicker ash-coloured or blu-

[Cirro-cumulus, mackerel sky]. ish-gray sheet, 17,000 feet
4, Larger globular, like white wool, | Strato-cirrus).

13,000 feet [Cumalo-cirrus)

C. Lower clouds, 5000 to 7000 feet.

6. Great rounded masses or rolls of 7. Ragged sheets of gray cloud
gray cloud [Strato-cumulus). from which rain commonly
falls [ Numbus],

D. Clouds in ascending air currents.

8. Heap cloud [Cumulus]. Summits at 6000 feet ; bases at 4500 fect.
9. Storm (thunder) clouds [Cumulonimbus].  Summits 10,000 to
16,000 feet ; bases 4500 feet.

E. 10. Elevated fogs. Below 3500 feet [Stratus],

The elevations given ' are furnished by measurements made

The originals are given in meters, which I have converted into feet in

round numbers, as great exactitude is not claimed for them, nor indeed
possible.
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in Northern Eurbpe. It is probable, nay, almost certain,
that they would have to be extended in India to greater
heights. Not only does this seem to follow from the con-
sideration that at the ground surface, and at equal heights
above it, the temperature is higher in India than in Kurope,
and that temperature must be one principal condition in
determining the character of the cloud; but it is also con-
firmed by direct observation. It is common at Simla to see
clouds of the D) class shrouding the summits of the snowy
range, and rising some thousands of feet above its highest
peaks, which range to 20,000 feet; and the plane of the
cloud Dases evidently slopes regularly upwards from over
the plains towards the snowy range. But this does not
affect the general validity of the scheme, which shows how
cloud forms become modified as they sink lower in the
atmosphere, and also how certain forms are characteristic of
dry or wet weather respectively. Scud, or torn masses of
rain cloud, is regarded as only a slight modification of
Nimbus borne alopg by a gale. It often descends very
low; in cyclones only a few hundred feet-above the earth’s
surface. The tops of thunder clouds are often seen tailing
off laterally in a fibrous tuft like cirrus. This, Pro-
fessor Hildebrandsson calls false cirrus, and believes that
like true cirrus it is composed of ice spicules, not of water
corpuscules.

The Teachings of Clouds.— According to the above
scheme the inferences to be drawn from the behaviour of
the clouds are obvious. If they show a tendency to form
sheets, at first high and thin but gradually becoming darker
and more opaque, showing that they are increasing in thick-
ness, sinking at the same time lower in the atmosphere, 1t
is a sign of probable rain. But if, on the other hand, such
a sheet is breaking up into separate masses, and sunlight
begins to be visible through the thinner portions, it is a
sign of the weather’s clearing. These signs are in full
accord with universal experience.

Besides these, the clouds teach other lessons. The
movements of the higher clouds tell us what winds are
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blowing in those elevated regions of the ‘atmosphere which
are otherwise inaccessible to observation. To a casual ob-
server this movement may seem to be very slow ; but this
is deceptive, and owing to the great height at which it
takes place. As a fact, it appears from actual measure-
ments made by Dr. Vettin at Berlin, the high feathery
cirrus travels at an average rate of forty miles an hour, or
about three times that of the surface winds; and some such
result might perhaps have been expected when we bear in
mind how small is the retarding friction at great heights in
the atmosphere! Tt is only of late years, and only at two
stations in Northern India, viz. Calcutta and Allahabad,
that the higher cloud movements have been systematically
observed in India. Opportunities for observing such do not
often present themselves, and the following tables enumerate
the total results of the observations of six years at Calcutta
and eight years at Allahabad :.—

MovEMENTS OF Cirrus CLOUDS OBSERVED AT ALIPORE (CALCUTTA)
DURING THE SIX YEARs 1881 10 1886

DAvs oF MOVEMENT FROM '
Months, ‘ Total,

N. |NE| E |sE [5“ W W

[

January 0 0 0 0 0 ] 13 |27 } 2 42
February . 1 0 0 0 0 114 116 | 3 34
March 200 0100 5 118 ‘ 8§ ¢ 33
April 6 0 ;0 0 0 I 4 8 3 1 15
May . 1’01212,4 3011
June 0 0o 2 1 6 [ 5 4 . 0 | 18
July . 0] 0 81017 60 0! 16
August 050\373\7 030;20
September o | 3 3 9 2 17 3. 3 1 30
October 2 11 1 0 3 | 5 4 ‘ 8 24
November 3 11 ‘ 2 0 0 118 |eo7 1 52
December! 3,2 0 (0|0 7| j 5 f 4

! The recently-published report on the eruption of Krakatoa shows that
the ash cloud emitted by the voleano was carried westward round the world
in an elevated stratum of the atmosphere at the rate of from 70 to 76 miles
an hour.

% For December, five years only.
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MovEMENTs OF Cirrvs CLOUDS OBSERVED AT ALLAHABAD DURING THE
Erenr Yranrs 1878 1o 1885

' Days o MOVEMENT FROM
Months. - Total.
N INE| B [sE| s [sw] w |xw

January 1 0 0 0 0 127 44 |20 92
February . 2 0 1 0 3 |18 | 55 9 88
March 1 0 2 3 3 128 |58 8 | 103
Apil 2 {0 ol 1] 1|10 {30 [15 | 60
May . 0 0 0 0 0 8 |22 7 37
June. 0 6 6 4 2 115 |24 7 64
July . 0 4 (10 3 3 7 8 3 38
August 2 6 | 10 2 1 7 9 4 41
September 2 4 111 5 3 6 9 3 43
October 0 1 |1 1 0 7 5 1 16
November 1 0 0 0 1 4 6 2 14
December . 0 0 0 0 1 121 17 3 42

Hence, as far as the occasional high cloud affords any basis
for judgment, the winds in the upper part of the atmosphere
appear to be chiefly west and south-west over both Calcutta
and Allahabad, except in the summer monsoon, when they
are variable, from &all quarters at Allahabad, and at Cal-
cutta chiefly southerly. When a cyclone is forming in the
bay, cirrus cloud from the south-west is often seen passing
over Bengal before there is any other distinct indication
of its existence.

Cloud Proportion.—The average cloudiness of different
parts of India, at different seasons of the year, varies very
much with the dampness of the atmosphere, as already
described in the previous section. The usual mode of re-
cording it is to estimate the proportion of the sky that is
covered by cloud, irrespective of the kind of cloud. The
whole expanse of sky overhead, that is, so much as is in-
cluded in an angle of 60° on either side of the zenith, is
designated by the number 10, and the amount of the cloud
is estimated as so many tenths of that expanse. This is
the meaning of the figure expressing cloud proportion that
stands against each station in the daily reports. A com-
pletely clear sky is thus indicated by 0, an entirely over-
cast sky by 10. The average cloudiness of a day, a month,
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or a place i1s found in the usual way, by taking the arith-
metical mean of all the individual observations ineluded
in the period or relating to the place in question, care
being taken that the observations are so timed as to
represent equally or in due proportion all the phases of
variation,

Distribution,—The comparative serenity ot the skies of
most parts of India is shown by the fact that, except in the
Carnatic, Ceylon, the southern parts of Pegu and Tenasserim,
Assam, and Sikkim, the mean cloud proportion is every-
where below 5. In Scotland, according to Mr. Buchan, it
is between 6 and 7. In Sind and the southern Punjab it
is below 2, and in the remainder of the latter province,
except on the hills, searcely exceeds 3, on the average of
the whole year. In Rajputana it varies between 2 and 3-5,
and in the remainder of India between 3 and 5. The
cloudiest stations at which observatories exist would appear
to be Hambantotte, on the south coast of Ceylon, and Sib-
sagar in Upper Assam, at both of which the mean proportion
amounts to 7 or more. In the case ‘of Sibsagar this is
partly due to the fogs of the cold weather, which are pro-
perly reckoned as cloud. In the summer months alone,
Mercara, on the crest of the Western Ghats, is the cloudiest
station at which an observatory exists, the proportion, from
June to August, being between 3-5 and 10.

The cloudiest month in the year in by far the greater
part of India is July, the proportion at most stations being
between 7°5 and 9; and August is nearly as cloudy. In
the western Punjab and Upper Sind, which are scarcely
ever reached by the summer rains, it is February or March,
but here the proportion does not much exceed 3 on the
average of any month. In Baluchistan, where March is
also the cloudiest month, it amounts to nearly 5. In the
extreme south of the peninsula, and on the east coast of
Ceylon, the last two months of the year are more cloudy
than any of the summer months, and also the dampest and
rainiest.  But in the western half of the island, and also in
Malabar, June is the cloudiest.
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The season of >greatest serenity is more variable, ranging
in different parts of India from October to March. In the
Punjab and Sind October 1s the clearest month, the average
proportion of cloud being below 05 at the drier stations,
and little exceeding 1 in the north-east of the tract. In
Guzerat, Rajputana, Central India, and the Gangetic plain,
the skies of November are slightly clearer; and in Bengal
and Assam both months are surpassed by December and
January. In these provinces and months the average cloud
is between 1 and 2. In the peninsula, again, the first
three months of the year are the clearest, in general, Feb-
ruary ; and as far down as Bellary and Dharwar, the skies
are then as clear as in Bengal ; but farther south the pro-
portion does not fall much below 25 in the clearest month,
and in Ceylon it exceeds 4. In Burmah also the first three
months of the year are the clearest, the proportion in the
least cloudy month averaging about 0'5 at Tounghoo and
as much as 3 at Mergui.

b

THE RAINFALL

The Contrasts of Indian Rainfall—What has already
been said of the variations of the climate, in respect of
dampness and cloudiness, will have prepared the reader to
expect a great diversity in the rainfall of different parts of
India; and, in point of fact, no country in the world fur-
nishes such contrasts as Northern India. 1In the east we
have the station of Cherrapunji in the Khasi hills, with an
annual fall of from 500 to 600 inches; and, in the west,
Jacobabad, with an annual average of 4% inches, and’ in
some years less than 1 inch.! Between these extremes we

1 The rain-gauge is so well known an instrament that any detailed de-
scription is scarcely needed. The essential parts are—a funnel into which
the rain falls, and the area of the aperture of which regulates the quantity
received ; a receiver, in which the water is collected ; and a graduated glass
to measure the quantity. The glass must be adapted to the area of the
funnel. It is of such capacity that when filled to the topmost mark it holds
half an inch (or one inck) of rainfall, aud the graduation shows the tenths
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have every possible variation, and the contrasts afforded by
large provinces are only less striking than that of these
prominent examples. In Southern Indin the diversity is
also very great, but here the relative positions of the dry
and wet tracts are reversed. It is the west coast of the
peninsula that receives the heavy rainfall of the summer
monsoon, while it is withheld from the plains of the south-
east coast, and still more from certain portions of the high
plains of the interior; and the transition from the zone of
heaviest rainfall to that where it is least and lightest is
extraordinarily rapid. Thus, on the crest of the Western
Ghats are the two stations, Baura Fort and Mahableshwar,
with an average fall of 251 and 261 inches respectively.
Only sixty-five miles distant from the former is Gokak, the
annual average of which is no more than 22 inches, or less
than one-tenth of the former; and this is representative of a
broad zone extending, with but slight interruption, all down
the peninsular to the east of the Ghats, in which the rain-
fall averages from 18 to 25 inchies only in the year. Sec
Fig. 6.

Scarcely less remarkable is the occasional heaviness of
the falls, even at places where the average rainfall is not by
any means excessive. That upwards of 40 inches in the
24 hours should have been once recorded at Cherrapunji
will perbaps hardly seemn surprising, but falls nearly as
great (from 30 to 35 inches), in the same interval, have
occurred on more than one occasion on the plains of the
Ganges valley, at places where the average of the whole
year is not more than from 40 to 65 inches; and even in
the extremely arid province of Sind as much as 20 inches
fell on one day in 1866 at Doorbaji, where the annual
average is probably less than G inches.

Another noteworthy peculiarity in the rainfall of India
is the variability of different parts of the country in respect
of the regularity of the rainfall. ~As will presently be
shown more in detail, as a general rule, those provinces

and hundredths of an inch. An inch of rainfall means that if collected on
an impervious level surface it would form a sheet of water one inch deep.
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which have the lowest rainfall are also those in which it is
most precarious, and the most rainy parts of India are also
those in which the rainfall is most regular. DBut there are
sqme striking partial exceptions to the rule; or rather,
among the provinces with a moderate average rainfall, some
are subject to great vicissitudes, while in others it is re-
markably reeular,  Thus, Nagpur and other parts of the
Central Provinces south of the Satpura range have a very
regular rainfall, and never suffer from droughts of any
magnitude, although the annunal average fall does not exceed
50 inches, whereas the North-west Provinces, with a
general average of 36 inches, have repeatedly been subject
to disastrous droughts; not less than seven times in the
course of the present century.

I? Is not my purpose, in this work, to discuss the
PhYS1flal circumstances that determine these and other
peculiarities in the rainfall of the country. To the physicist
and geographer they present problems of the greatest in-
terest, and afford & most instructive field of study. DBut
they have lately been discussed at length in a somewhat
bulky volume,! issued by the Meteorological Department of
the Government of India, and the reader, whose interest
in the meteorology of the country attaches rather to its
physical than its statistical aspects, may be referred thereto
for such information as we possess on the subject. The
bearing of these rainfall variations on the agriculture and
general welfare of the population are more germane to the
objects of the present treatise, and only in this connection
need they be here discussed. T shall first describe the
general distribution of the rainfall over India, then its
relations to the seasons, and lastly, the more important
vicissitudes to which it is subject.

Geographical Distribution.—The chart of the average
rainfall of India (Fig. 6) shows that the west coasts of both
peninsulas are fringed with a belt of very heavy rainfall,
where, as may be seen in Fig. 4, the westerly summer
monsoon blows full upon the land. In both, at a distance

Y Indian Meteorological Memoirs, Vol. iil. “‘The Rainfall of India.”
¥
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of 50 miles or less from the sca, a hill range, such as in
many countries would be called mountains, runs parallel
with the coast, and over the whole intervening space the
rainfall is very high, varying from 100 to 250 inches on
the coast of India, and probably of larger amount on the
const of Arakan. In the western peninsula this zone of
high rainfall contracts rapidly to the north of Bombay,
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and dies out at the end of the Ghats, south of the
Tapti,  But in the eastern peninsula it is continued
northward beyond the shores of the Bay of Bengal, and
beyond the tropic, through eastern Bengal and Cachar,
and along the face of the Khasi hills to the gates of
Assam, where it links on to the similar zone, which runs
east and west along the face of the Himalaya. In a
westerly direction, this latter zone, as defined by a rainfall
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of over 100 inclies, has not been actually traced beyond
Sikkim, owing to the absence of rainfall registers from this
part of the range; but it probably extends uninterruptedly
te the farther cxtremity of the Himalayan frontier of
Nepal, and 1s taken up again in the far north-west by the
southern slopes of the Dhaoladhar range, overlooking the
valley of Kangra. Eastward, there is little doubt that it
extends to the upper end of the valley of Assam, where the
rainfall in the valley itsclf, at Dibrugarh, amounts to more
than 100 inches.

The zone of heavy rainfall on the face of the Himalaya
does not extend far into the mountains. It is broadest in
Sikkim, where it includes a strip of the plains of northern
Bengal; and, in a northerly direction, up to the valley of
the Great Rungit, and perhaps somewhat beyond, the
annual fall exceeds 100 inches. At Katmandu, in the
Nepal valley, the rainfall is only 57 inches. In the north-
west Himalaya, beyond the Nepal frontier, it is barely 100
inches on the outsrmost slopes of the range (except, as
already mentioned, on the Dhaoladhar), and it decreases
rapidly as we penetrate farther iuto the hills, wntil, beyond
the first snowy range, we enter on the dry region of Tibet,
represented by Leh, with an annual fall of only 2% inches.

From the Gulf of Cambay and the Sabarmati river, a
band of moderately high rainfall (between 30 and 70
inches) stretches eastwards across India, rapidly broadening
out and increasing in average amount in the direction of
Bengal. 1t occupies all North-eastern India, extends to the
valley of the Ganges on the north, and on the south covers
the drainage basin of the Godavery and its tributaries, down
to the delta of that river and the Kistna. From Allahabad
an offshoot runs up to the north-west, including the Gan-
getic plain north of the Ganges, and continues through the
northern Punjab and along the face of the Himalaya as far
as the Indus valley. In the south of the peninsula are
two outlying tracts with a rainfall above 30 inches; one on
the Eastern Ghats, east of Kurnool; the other, including all
the central districts of the Carnatic and linked on to the
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zone of hich rainfall of the Western Ghats, along the face
of the Fastern Ghats; and again, farther south, across the
hill groups between Trichinopoly and Madura,

The remainder of India has an annual rainfall below 39
inches. It consists of (1) the dry north-western region,
which includes Rajputana, Sind, Cuteh, part of Guzernt, the
Punjab (with the exception of the strip of the plains border-
ing the Himalaya), and nearly the whole of the Gangetic
doad (the plain between the Ganges and Jumna) ; and (2)
the peninsular dry region, which comprises Khandesh and
the valley of Berar, the Western Decean, the southern dis-
tricts of Hyderabad, the ceded districts of the Madras Presi-
dency, the northern Carnatic, Mysore, Coimbatore, and the
plain in the south-cast of the peninsular, between Tanjore
and Cape Comorin.  In the former the rainfall decreases
steadily in a westerly direction, till it rcaches its minimum
in the Cutchee desert, between Jacobabad and the hills of
Baluchistan.  In the latter are several isolated tracts, in
which the rainfall is somewhat below 20 inches, the prin-
cipal of which are a large area around Bellary, and «
smaller one in Coimbatore, between the Nilgiris and the
Shevaroy hills.  Also, on the narrow strip of coast plain
bordering the Gulf of Manaar, in the extreme south-cast of
the peninsula, facing Ceylon, the rainfall is equally low,

In Burmah, from the crest of the Arakan range, and from
the mouths of the Irawadi, the rainfall rapidly decreases
towards the interior of Pegu, and falls still lower as onc
ascends the river towards Mandalay. Dut it is compara-
tively high on the Pegu Yoma, east of the Irawadi delta, on
the hills arcund the source of the Sitang, and on the range
west of the Salwin.  Yrom Upper Durmah our present in-
formation is insuflicient to show the features of its distribu-

tion. But rain-gauges were established at a number of

stations of the newly-acquired province, even before it was
fairly pacified, and in the course of a few years it will be
possible to extend the rainfall chart of the Burman penin-
sula at least to Manipur and Bhamo.

The average rainfall of the whole of India up to the foot
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of the mountain barrier, including Assam and Cachar, but not
the Burman peninsula, has been computed at 42 incles in
the year; that is to say, such would be the depth of the sheet
of water, if the whole quantity that falls on this area were
equ’xlly distributed over its whole surface, instead of being
concentrated in certain provinces to the great deprivation 01
others.  Of the general character of its distribution some
idea may be gathered from the table given below. In this
table the country is partitioned out in a number of rainfall
provinces, partly conforming to administrative divisions, but
with such modifications as to avoid bringing together parts
of the country which differ very greatly in their average
amounts.

AVERAGE AXNUAL RAINFALL OoF THE ProviNeEs oF INDIA AXD BrnMan

Rainfall Provinees. Tocal Variation.
Inches.
- —— |
: | ! o
Punjab Plains . . . ) 0 ; a2
N.W. Provinces and Omlh ) . 1 2?10)8‘ 32 jé .)E: t r)g
Rajputana (Kastern only) . . 1,,’000 19 98 h i ;fq 2
(,vutml India States! . . . 91,000 ‘\ 21 42 32 '13 ‘

D ebar 30,0000 14 | 43 | 39 0 1%

! Western Bmml Chutm I\ W]\m (u ! 38, 000‘ 10 49 43 ) 61
Lower Bcnml . . . 54,000 29 66 h4 " 112
Assam and C'ldmr . . . . 61,000 | 17 94 69 .. 4752
Orissa and Northern Cirvears | . 27,000 18 47 31 ” 72)
Ceutral Provinces, South . . ' 1,000 19 | 51 | 43 | g2
Berar and Khandesh . . . 43,000 \ 11 35 21 :: 692
Guzerat . . . . . :4,500 11 33 18 ,, 47
Sind and Cutch . . . . 68,000 10 9 4 19
North Decean . . . . 48000] 14 | 20 | 18 . 49
Konkanand Ghats . . . 16,000 13 | 141 | 74 . 2612
Malabar and Ghats . . . 18,000 8 114 7,132
Hyderabad . . L 74,000 19 32 23 ,, 43
Mysore and Bellny . . .1 53,000 17 29 18 ,, 36
Camatic . C. 720000 40 | 36 | 20 . gt
Amkan . . . . 4] 0006 | 156 105 ,, 214
Pequ . . . . 325000 7 | 73 | 46 123
Teuasserim . . . . .. 10,500 LM 142 7 700

TTTTTTTTT—— )

1 Including Jhansi, Saungor, and Damoh, and the Nerbudda valley.

* In these cases one or more bill stations have a much higher ra.mfall
than any at the lower levels,
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Seasonal Distribution.—Dy far the greater part of the
rainfull is brought by the swmmer wonsoon; and over a

great part of Western India, including nearly the whole of

the Dombay DPresidency, it is only during this season, viz.
from June to October, that there is any rain of importance.
This is the chief season of rainfall i Burmah, Assam, Bengal,
the North-west Provinees, the greater part of the DPunjab,
Central India, Rajputana, the Central Provinees, Hyderabad,
the Decean, Berar, Ciuzerat, and the whole of the west coast
of the peninsnla. DBut the sonth-east of the peninsula,
including the Carnatic and the Eastern Ghats, and the
eastern half of Ceylon, receive only an occasional shower so
long as the main hody of the mon:oon is directed towards
Northern and Central India, and their season of heaviest
rainfall comes later, viz. from October to December, when
north-cast winds are beginning to Dlow in the north-west
of the bay, and both the incipient north-cast monsoon and
the residue of the southerly current are drawn towards the
Carnatic and the southern half of the bay. In these
months the seat of the chief rainfall moves southwards, till
at length, by the end of December, the north-east monsoon
has established itself in the bay, and, in the south, rain is
restricted to a zone a few degrees north of the equator, in
which it falls, more or less, all throngh the year.

In the Punjab and Rajputana the sumnmer rainfall is
much interrupted. It seldom penctrates to the Indus or to
the Himalaya beyond the first snowy range. In the in-
terior of this range, and also on the mountains and high
plains beyond the north-western frontier, in - Afghanistan
and DBaluchistan, the latter part of the winter and the
earlier spring months are the season in which the chief
additions are made to the snows; and on the outer hills
and plains of the Punjab, rain, sometimes Lieavy, oceurs at
intervals throughout this season. It extends also, though
less frequently and heavily, to the Gangetic plain, and some-
titues, but still more rarely, to the whole of Northern India,
including Bengal.  Occasionally it occurs even in the
Nortliern Provinces of the peninsula, but this is exceptional.
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In the spring, when sea winds blow on the south and
east of the peninsula, and very steadily and sometimes
strongly in Lower Bengal and Cachar, thunder-storms are
n_ot infrequent, and sometimes the showers are heavy and
prolonged.  Chiefly is this the case in the damp province
of Assam and Eastern Bengal; and it is in consequence
of these frequent falls of rain that Assam and Cachar are
so favourably distinguished as tea-growing provinces. The
showers become more frequent as the season advances, and
the May rainfall of Assam is not very far short of that of
June, the first month of the monsoon rains,

In Southern India, too, where the spring rains are known
as the “mango showers,” they amount to a total of three or
four inches, falling chiefly in the months of April and May.
But from the Bombay Presidency, north of Dharwar, the
spring rainfall is almost entirely withheld. This is the
season of north-westerly winds, as has been explained on a
previous page, and these, being dry land winds, bring no rain.

Sometimes the rain of the spring thunder-storms takes
the form of hail ‘and, though not very common on the
plains, it is very destructive, the hailstones being generally
large, from the size of marbles up to ice concretions two or
three inches across. On the Himalaya hailstones occur
more often than on the plains, but as far as I can speak
from personal experience the hailstones are generally of
moderate size. There are, however, recorded instances of
very large hailstones on the hills.

Thus, there is no time of year in which rain does not fall
in some part or other of India. No sooner have the Car-
natic rains come to an end in December, than the winter
rains are setting in in the most northern province; and
while these are prolonged into the spring months, the spring
rainfall of the south and east of the Indian peninsula, of
Bengal, Assam, and the Southern Provinces of Burmah, is
already preparing the fields for the spring sowings, and
bringing out flushes of young leaves on the tea bushes of
Assam, Chittagong, and Sikkim. In the interior of Southern
India these showers become less frequent in June; but on
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the south-west coust the monsoon rains set in at the end of
May, and reach Bombay in the first or second week of
June; while, in Assam, the spring rainfall graduates into the
steadier downpour of the summer monsoon,  In September
this monsoon ceases to blow up te North-western India, and
after concentrating a diminished rainfall in Bengal and the
north-cast of the peninsula, gradually transfers it south-
wards to Madras, and finally to Ceylon and the equatorial
sea, when the southerly current has completely yiclded
place to the winter monsoon of the bay.

Statistics of Monthly Rainfall, Quantity and Fre-
quency.—The following two tables, one ziving the average
monthly rainfall of a number of Important stations in all
parts of India and Burmah (to the nearest tenth of an iuch),
the other the average number of rainy days in each month,
will serve to illustrate the above description, and show in
somewhat greater detail the relative proportions in which
the rainfall is distributed over India, and also througl the
year. The second table is based on the registers of the lust
11 years; the first, in most cases, on those of much longer
periods. A more comprehensive table of the rainfall is given
in Appendix IIL

AviracE MoNtHLY Rarsrait of Kienry Srarroxs 1x Ixnia, CeyLow,
AXD Brryan

! ! = 1 RAINFALL 1N INCHES,
' 2 S
. Stations. :_: el E = o P . . » R .
‘ Z ;,";‘Egn‘s\:' 21218l % ¢ 8
5] = | &= l.;: 1= 1 \‘ = “« 1 F 13w 5: =
‘ ‘ i | N
| Kurrachee 020020 0L 02 81 1'S| 09 011 01 @u| Fs
" Hyderalald orloz| o1l 04| 2wy a2l os! o1l 7| s
‘l.lguvtltfnl. 413051 01 RS o-;j 01 .. lod| o9
hacu habad 0.._4 : O“~ 0'} L0l 14y 14y 0 | 0101 44
loolm'n 05,0 3106 040 w2l 13 08l 01, 01,03 T
D. 1. Khan 0w 08| 04] awl 18| 16| 060 0 ‘ 01 o3| 83
Leh . 02701 1] 02 05f 04f 02l 0l .. lo1| 2T
Peshawar IS 200 0T 08 17 20| ow1 0wl 0wlow) 13
Rawalpindi 102 6y 17 ] THLTH su0 0, 091l 2
Murree ., R I I IR L B R B S W el I
Sialkot . P16 120 320 16| a1 g2l (06| 04,08 368
Lahore FLE0SE 00 181 7| 46| 241 06y 0200 214
Uwiballa 1106] 10, 40| 16 ) 86 9y ool omyeT| A6
Simla 130 470 T 93181 60, 1 0811 V0L
])ulhlk 07 071 34| 85| 69 45| 05 | 01,04 | 2
Ruorkee 10 12 51! 1-_»:,‘1«_-" \ 5:1: 06 02 04 2
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AvierackE MoxtHLy AINFALL OF EICGHTY STATIONS IN
AND BunMan—Continued

INp1A, CEYLOX,

B RAINFALL IN INCHES,
. AT) I v
B - U b L3 . . . I
S A A A A AP R
g 8|2 F|2 B |8 |24 |0 1% R 1 =
Meerut . . 7:17!1-0 07107 04l 08| 36 407 05| 01]08] 285
Agra . .| mesjon|onlo2]oz| 07| 29 43| 04 .. |02] 26
Deesa . L] 485100102001 01| o2 22 831 08] 01} .. ) 255
Abu . L3S (02040 L. 10 51 a1 21| 02{02]| 631
Jodbpur 1127403 (02| . lo1! 06] 13 23| 0] 01]01: 140
Neemuch . [ 1,030 01|02 ¢1io1]| 05 29 551 1°0) .. |02] 330
Indore LUEE220 04103 L 101 06 [ $1) 12 o9 0-3‘ 361
Ajmere . Lo 0804 01| 07 25 341 03] 01[031 925
Jhansi . .| sa5lonlo2]o4]o1]| 03] 40 52] 08 ..[02] 358
Lucknow . 69108 103103101 09 50 T 14 105 | 3T
Allahabad . 30T {03101 04 0L 03 46 6:7) 23] 02102 37
Benares . 267107050402 05 H0 651 217 01|01 806
Gorgkhpur | LA [0 T100 10403 16 T 88| 30| 02101! 483
Patna . . 179107105{03[03| Lo ! 7ol g0 02]02] 428
Darjiling Slem2ao 2o aT) T 247 178) 64] 027021203
Jalpaiguri . 270104 (04! 1737|112 286 2431 na ] 01 ‘ 0°1 | 128°2
Hazaribagh . {2,010 04108, 07]04) 16| 83 $0] 341 03102 404
Bhagulpore . 15905 |07 04[08]| 25 &3 T8 41| 02101 473
Bertiampore . G6104110{1°0,1'0] 48 w7 " 98] 53] 03101 & 554
Caleutta .| 1sj0d4|10{13]23| 56/ 118 X 100 | 54| 06]03! G5
Dacea . . 15 |03 [ 11|25 158 S22 133 . 102 52| 07 0-2‘ w87
Chittagong . 871041219 46| 9] 238 P 11| 571 16]06 ! 1058
Silehar . R ST10G 265 9in0] 157 1un -6 142 13'4 1007 | 12070
Cherrapunji . [ 4,455 | 0°6 | 2°6 | 9°0 {20-6{ 500 | 1100 o 571 113G| 18103 4:4,0
Gauhati 187010609y 2h | 581001 | 1200 . TS | 31 06|03 \ (“S'%
Sibsagar T1os33l11]2 4{oul111| 141 “ 171 bl 1306 ! a1
Cuttack, .| 50{04{06 1115 82| 10| 12 98| 5| 10105 ] 584
Samblapur .| 451106 | 0607 {05] 16| 130 T2 | 87| agl 03|04 (~i.7
Saugor . VLT 106105102 02] 0] 63| 108|112 78| 1a| 04|07 $i1
Jubbulpore . ‘ 1,3 06|05 |05 02| 05 85 6 [ 13°5 | 82 1—, 041031 538
Pachmarhi 3 051031041031 06| 108| 288|182 |151| 10| 0407 :s-o
Nagpur , 061040605 08| 8| 133| 80| 78| 23| 04|05 440
Amraoti 0510210302 06 9 80 70) 53| 16| 02|06] 399
Dhulia 0301 .. b ] 04| 48 140l 46] 2ol o5loa! 21g
Pooua 02) .. 1021061 1% 50 66l 41| 431 41| 08(02] 983
Bombay 01 o b 0B 2008 247115111081 18] o501 ;4-4
Matherau 2000004 |08 B8 T 84|50 510 | 63| 0|01 | 2087
Mahableshwar| 4,540 [04 [ 01,04 ({00 1- 47:31102°1 168613201 581 1°1104|961-4
Karwar . . 44027 .. 10108 20| 345 37T [21:7]1206) 52 1'7102 J 1165
Belgaum 12,560 0L L. {0020 2 931 1520 90 371 47| 12|03 488
Jalna o |01 .. 401 )01 08 T2 68| 531 TS5 34 05|14 gay
Sholapur JILSIOL Lo 1003 00T 102 40 431 601 751 3T] 07104 905
Secunderabad | 1,787 {03 [ 02| 07 ‘ 07} 14 37 60| 57| 52 33| os|oa! 923+3
Bellary . 101 .. j06los| 18 18 13) 23| 37 ‘ 390 10|03} 176
Bangalore 0210100 (350 32 40| 59 63 64| 1'9[07 l 356
Wellington o8i03iuoyaal 41] 3wl 32 40} 47| o8] 83141 380
Bimlipatam . 0305 " 02)02] 20 32 301 44 63 8§81 25613 ‘ 326
Masulipatain . 10(03/0103]01] 17 44 5G| 60| 65| 88| 4007 | 885
Rajamnudry . 681020303100 33 4h T2 660 T1 \ 65| 17|02, 388§
Cniddapah AT70°1) .0 102003 10 A 35] 511 581 531 31|07 ‘) 988
Madras . . 22110103 ‘0'4 (06| 22 2] 38 44| 47 ‘ 10°8 | 137 {51 | 491
Trichinopoly . 2751100105 ;07| 18] 38 13 2424 44| 53 78 52|81 \ 371
Cuddalore .| 20[10[03|04]090/| 15| 14| 23] 51| 471 s1]141 5-7‘ 455
Madura . . 448107104 |08 ) 20| 28 16 17| 47) 45, 87| 51 2210 359
Mangalore .| 5200201 |01 20| 81| 37:8| a7 /281|118 ] 80| 19|05 11310
Cochin . . 110907 |21 | 44 | 127 | 307 227124 | 94 121 51{1-9 1151
Trincomalee . | 175 [62{ 24118 |1a] 22] 10| 22| 22| 26| 80[131 132! ¢18
Colombo . 40130\ 1°7 [ 55188132 82 55| 451 491120127 |64 | 873
Galle , . 45144 83147 871116 82| 57| 53| 76|130|115 (67| 007
Rangoon . 41,02 (01[01[{18[100] 184 213 (186160 i §1| 34101 990
Moulmein . 04 .. [01{01{301107] 334 439014303035 84\ 15]01]188°5
Thyet Myo . 134 S 101107 53 79 S| 85| 78 ‘ 401 28] ..} 455
Tounghoo . 160 .. |02 .. 115 66y 184| 175(182[11-8: 74| 1-4!02] 781
Akyab . | 1570110210516 | 122] 56| 510|386 | 230 123 | 30 !06 | 1957
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MoNTHLY AVERAGE oF RAINY Davs At Eicury StaTions IN INDia,
CryrLoxN, AND BurMAH—Continued

Raixy Davs.

- _ . —— - —— e

Stations. = — 3 o 0 { s

Sl ls | &322, %

Gla|ld &5 8|8 |5 l 7

; |
Pachmarhi ole) 1] 2 41425 23117 5112/
Nagpur 2|1 2| 2| 4 \ 150211815 4|1(186
Amraoti 1)1 1 3014118115 |13 51 :2]|74
Dhulia . e b 2814111130 5 )1 1| 54
Poona . S]] 12 913 (2112 (15] 82|18
Bombay SJrir o1y 2020 (20 (26 21| 7|1 109
Matheran o 2l es | 8313027 |10 2 ... (128
Mahableshwar| 1 (..] 11 2 4 12713113028 1214|1141
Karwar. O T U IR | 52613012620 |13 41,1125
Belgaum .1 {1 | 3| 6 721! 238[25|22]135]3 134
Jalna Aol 1] 1) 2wl iie] sis 20
Sholapur 111 1 3 4|14 (1617 | 14 831284
Secunderabad | 1 3 4 } 1217 |18 115 814|288
Bellary 1 3 5 [y 8 8 9 9146 14{55
Bangalore 1. 29 8 101131417 |18 13817 3|96
Wellington 13124 6| 711415142613 18 16 10 [134
Bimlipatam .| 1 |1 171 ‘ 4| 51 6| 911 | 741|351
Masulipatam ., | 1] 1 1 1 1 4| 811516 16 (126|283
Rajamundry .} .. ] 1 1 1 5 7111111 9 7131...]56
Cuddapah 1 1 3 6 4|10 8 71511146
Madras .. |3 101 2|10[14[15 12|14 1419 |85
Trichinopoly. | 1 111 5| 3| 3| 7| 8l11]9|6]55
Cuddalore 3 191 2) 6) 9711 9111 114 0|77
Madura 1 1 2 1 51 8y 31 7| 8114|9558
Mangalore e | 37 8127130128 | 22|15 |7 |2 (142
Cochin . 12 5 8 17 |27 |27 | 22 |19 |19 12 |5 (164
Trincomalee . 10 {3 ] 47 4 6 40 23 91 7116 19 :20 104
Colombo 641013 20117 |12 ] 13|14 |21 18 13 161
Galle . L1288 11 14 ‘ 211222021 |20 22 18 {16 205
Rangoon . |..i..' .| 3 19[26 |20 25|27 |12 10 i 151
Moulmeln ot T 18728120128 197 115015 11 158
Thyet Myo w2 112227 123120 111 13 01 1120
Tounghoo 100 4 12,2426 27122 |14 141|136
Akyab . 1 i\ 1! e \ 142830 29| 22[12 | 4 2|45
1 .

Average Heaviness of the Rainfall—If the quantities
of rainfall at the several stations in the first of the foregoing
tables e divided by the number of rainy days in the
second, it will be found that the average fall of each rainy
day is between six and seven tenths of an inch on the plains
of Bengal and the North-west Provinces, and in parts of
Central Indin and the Central Provinces. 1In the wetter
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parts of Assam, on the coasts of Arakan and Tenasserim, at
Pachmarhi, and on the west coast and Western (thats of

India, it is higher; at Cherrapunji as much as 26 inches,
and at Akyab and Moulmein, Mahableshwar and Mather: .
from 1 to 2 inches on cach rainy day.  But in the Decean
and  Mysore, and also in the Indus valley, it is only
between three and four tenths, and at Leh but one-tenth of an

inch.  This last is about the same as the general average of

the Dritish Isles. It results, therefore, that, day for day.

rain is from three to seven times as heavy on the plains of

India as in Western Kurope, and that the commmon pro-
verbial expression, “it never rains but it pours,” is a literal
description of the ordinary rainfall of India.  This is as
true of such places as Jacobabad and Mooltan, where there
are no more than about fourtecen rainy days in the year,
as of Point de Galle, where it rains on 205 days on an
average.

In consequence of this character of Tndian, in common
with tropical, rainfall generally, it is less Jbenetrating in pro-
portion to its quantity than in countries where much of it
falls in a state of fine division, allowing time for its absorp-
tion by the ground. TInstead of feeding perennial springs,
and nourishing an absorbent cushion of green herbave, the
greater part flows off' the surface and fills the dry beds of
drains and watercourses with temporary torrents.  In uncul-
tivated tracts, where jungle fires have destroyed the withered
grass and Dbushy undergrowth, and have laid bare the soil
and hardened its surface, this action is greatly enhanced ;
and while all perennial water supplies which depend on the
absorbed rain are either greatly reduced or altogether sup-
pressed, a rainfall which, if husbanded by nature and anrt,
would suffice for the agriculture and domestic requirements
of the population, is thrown into the nullabs and rivers, and
not only is wasted and lost for any useful purpose, but by
producing floods, hecomes an agent of destruction. Under
any circumstances, the character of the rainfall is hardly
compatible with its economical storage and expenditure in
any high degree; and much more, therefore, than in tem-
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perate regions is it incumbent on us to safeguard such pro-
vident arrangements as nature has furnished for the purpose.

Excessive Rainfalls.—Seeing, then, that on the plains
of Nortliern and Central India the average fall of each rainy
day is not less than six or seven tenths of an inch, such
enotmous  falls as those reterred to on page 64 become less
surprising as an exceptional occurrence. The following are
a few instances of remarkable quantities recorded within 24
hours, in the years 1875-1885, but by no means all of those
exceeding 12 inches, which would be much more numerous.
A more comprehensive list will be given in the second part
of this work.

Clerrapunji, Khasi Hills . . 408 inches.  14th June 1876.
Purneah, Northern Bengal . . 35°0 13th September 1879.
Nagina, Rohilkhand . . . 324 18th September 1880,
Danipur, ' . . . 304 ., s " -
Najibabad, , . . 285 . 0 - »
Hardwar, Dehra Doon . . 195 sy . ”
Rewah, Central India . . . 304 16th Junc 1882,
Sutna ” . . . 221, yy w1
Chandbally, 0]1\\\. A . 203, 16th September 1879,
Delhi, Punjab . . . . 195, 9th September 1875,
Gurgaon ,, . . 105 |, ’s s -
Allahabad, N.W. l’lOVlllu,s . . 15.5 ,, 29th July 1875.
Pilibhit, Rohilkhand . . . 136, 2d August 1879,
Mozufterpore, Bengal . . . 125, 17th June 1883.

Although, in their extreme intensity, such falls are gene-
rally local, they are only part of a less copious but still
heavy fall, often extending over thousands of square miles,
aud lasting over two or three days. Such was the case on
the 18th September 1880 when, in addition to the torrential
rainfall in the Bijuore district (in which are three of the four
stations enumerated above), a quantity, exceeding 10 inches
in two days, was registered over a large part of the adjoining
districts of Saharunpore, Mozuffernagar, Meerut, Moradabad,
Pilibhit, and Kumaon ; and also on the 13th September 1879,
when 5, 6, 9°5, and 12 inches, respectively, were registered
in adjacent districts around Purneah. There would seem also
to be a tendency to a repetition of heavy falls in about the
same part of the country in the same season. Thus, only
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nine days before the above enormous fall of 35 inches took
place at Purneah, one of 11°5 inches ld been registered ot
the same station, and only five days previously one of
inches.  In 1875 the excessive fall of September in the
eastern districts of the Punjab had heen preceded in August
by very heavy falls at Sialkot, Jullunder, and Lahore, of 11
inches in two days, 188 inches in three days, and 117
inches in three days respectively.  Some other similar cases
have been recorded in the Annual Reports on the Meteorology
of India,

These excessive falls are always the result of eyelonic
storms, not indeed such as are of destructive violence as
regards the wind, but the long-lived eyclonie storms which
occur chiefly in the rains, storms in which the barometer
is not greatly depressed, and ouly recognisable in their true
character when the barometric readings and the winds are
laid down on charts in the manner already described.

Aunother noteworthy point is that they have frequently
occurred in years of partinl drought, as 1if, in such scasons,
the whole energy of rain formation were concentrated in the
storms, to the deprivation of parts of the country not reached
by them. Thus in 1875, although in the Punjab it was
one of the wettest years on record, the rainfall was very
deficient in Bengal and all over the southern half of the
peninsula. 1876 was the year that produced the last great
peninsular famine, and in both 1880 and 1883 there was a
prolonged suspension of the rains over all North-Western
and Central India and a part of the peninsula.

Annual Variability.—It has alrcady been stated that
the variability of the rainfull, that is to say, the degree in
which that of any given year is liable to deviate from the
local average, either in excess or defect, is much greater in
some provinces than in others. This liability is propor-
tionally greatest in the driest part of the country, viz. in
Sind, and is least in Assam, which is one of the wettest.
In the former, the mean annual deviation is as much as 37
per cent of the general average, in the latter only 5 per
cent, although in certain years these amounts are greatly
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exceeded. Next* to Sind, the North-west Provinces and
Oudh are sulject to the greatest vicissitudes, the mean
annual deviation being 23 per cent; and within the last 22
ygars it has been as much as 47 per cent above and 39 per
cent below the average. Berar and Khandesh, Hyderabad,
Behar, and in a somewhat less degree, Guzerat, the Deccan,
Mysore, and the Carnatic, also have a comparatively pre-
carious rainfall.  But all the older provinces of Burmal, viz.
Arakan, Pegu, and Tenasserim, also Lower Bengal, Chutia
Nagpur, and the Central Provinces, rank next to Assam in
point of regularity. Although certain portions may sometimes
suffer from drought, there has not been any extensive and
disastrous famine in any of them during the present century.

1n no single year has the rainfall been either deficient or
excessive over the whole of India; and a receut critical
examination of its vicissitudes during the last 22 ycars has
brought to light some curious relations in the way in which
certain provinces are prone to vary alike, while others vary
in the opposite dirgction. Thus the Northern Provinces of
the peninsula, Khandesh, Berar, the Central Provinces, and
Orissa, usnally all share either an abundant or a deficient
rainfall ; and, what was hardly to be expected, Assam and
Eastern Bengal vary in the like manner with Orissa, while
Lower Bengal, which lies between them, varies in the
opposite direction. Again, when the rainfall is excessive in
Bengal, it is usually light and deficient on the Bombay side
and in Hyderabad. Many of these peculiarities admit of,
at all events, a probable explanation; they seem to depend
partly on the unseasonable prevalence of dry land winds in
Western India, partly on the course taken by the cyclonic
storms of the rainy season. DBut others are at present quite
inexplicable, such, for instance, as the fact that, in five years
out of six, the rainfall of Arakan is deficient or execes-
sive when that of Sind varies in the opposite direction. On
a general average, about two-thirds of India varies in one
way, and one-third in its opposite. But in 1864, 1868,
and 1873 the rainfall was deficient, and in 1878 excessive,
over a very much larger proportional area. The average rain-
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fall of India being tuken, as stated on pagd 69, at 42 inches,
the greatest deficiency during the last 22 years was about
66 inches, viz. in 1868, and the greatest 6-3 inches In
1878. .

The Question of Cyclical Variation.—Much has heen
written of late years of the supposed variation of rainfall in
a cycle of 11 years, coincidentally with the now well-known
variation of sun-spots.  Without venturing to pronounce any
opinion on the (uestion whether any such variation exists
in the rainfall of the globe generally, it is certain that that
of India, as a whole, has not displayed it during the last 22
years. But while this is true of the country as o whole, the
rainfall of the Carnatic, which chiefly ocenrs at a later season
than the heavy rains of other parts of India, certainly showed u
somewhat striking fluctuation in the 11 years, 1864-1874,
and again, though less regular, in the next 11 years, 1875-
1885. It is still a matter of opinion whether this was
fortuitous or otherwise, a question which can be decided only

"by further experience. According to such evidence as is
before us, there would appear to be a mean difference of not
less than 14 inches between the years of lightest and heaviest
rainfall in this cycle, the general average of the provinee
being 36 inches.

Some evidence has been adduced by Mr Hill of a similar
fluctuation in the winter (but not the heavier summer) yain-
fall of Northern India.

Droughts.— The interest of this last observation lics in
the fact that a heavy winter and spring rainfall takes the
form of heavy snow on the Himalaya, and, as far as our
limited experience goes, seasons in which the accumulation
of snow has been excessive, have always been followed by o
more or less prolonged suspension of the sumier rainfall, as
a rule in Northern India, but sometimes in some portion of
the peninsula. It must, however, be added that there have
also been serious droughts which, as far as our information
goes, have not been preceded by any unusual snowfall on
the mountains in the eatlicr months of the year, so that,
even if this be a cause of drought, which many considerations
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render probable, it is not the sole determining agency. The
immediate cause of drought is the unseasonable persistence
of dry land winds to the exclusion of the rain-bearing wind.
of the summer monsoon.

Finally, it appears from the list of droughts furnished in -
the Report of Indian ¥Famine Commissioners, that on no less
than five occasions in the course of the last century, a serious
drought in the peninsula has been followed by one in
Northern India in the next year. The following is a list of
the cases :— '

(1782. Drought in Bombay and Madras.
1783. Drought in Upper India.
1802. Drought in South Hyderabad and Deccan.
1803. Drought in North-western Provinees and Central India.
1823. Drought in Madras.
1824. Drought in Bombay, chiefly Guzerat and North Deccan.
1832, Drought in northern districts of Madras, ete.
'{1833, Drought in north part of Bombay, Rajputana, Punjab, and North-

west Provinces.
% 1876. Drought in all parts of Madras, Deccan, etc.
1877. Drought in North-west Provinces, Central Provinces, and Punjab,

STorMS

Thunder - Storms and Dust - Storms.— Any violent
wind, accompanied with rain, hail, or snow, may be termed
a storm, and in India the use of the term is somewhat
further extended, since it is often applied to dust-storms
with little or no rain. In these storms, however, which are
common in the hot weather in the Punjab and North-
western India, the coolness of the wind, and that of the
atmosphere after the storm is over, is hardly to be
accounted for otherwise than by supposing that rain is
always formed by the cloud overhead, but being re-evapo-
rated before it reaches the earth, the storm is often appar-
ently rainless. A complete transition may be traced between
dust-storms of this character and the nor’-westers of Bengal,
which are accompanied by heavy rain. Even in the dry
climate of the Eastern Punjab and North-west Provinces, a

G
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slight sprinkling of rain often follows the dust-storm, and
in the damper atmosphere of Bengal the dust-storm is, as
a general rule, only the first stage of a nor’-wester, and is
followed by heavy rain and sometimes hail.  Atmospheric
disturbances of this class are individually local, though they
venerally oceur simultancously at different places over a
large arca of country. On their approach, the barometer 1s
much disturbed, but the action is spasmodic, consisting of a
rapid rise, followed by much irregular oscillation, and is
very different from that which portends the approach of a
cyclone, which is a steady continuous fall. - For a day or so
before a dust-storm or nor’-wester the barometer is, as a rule,
somewhat lower than the average of the time of year; and
indeed they are most common in the north and east of a
region of Dbarometric depression.  But the depression of the
barometer is not very great, and although the wind squalls
are sometimes violent at the beginning of the storm, the
whole character of the weather is so unlike that which
betokens the approach of a cyclone, that a very little ex-
perience suffices to enable any one to distinguish between
them.

Joth dust-storms and nor’-westers almmost always oceur
in the afternoon or eveuning, towards the end of a close
warm day, either with little wind or with a damp wind
from the sea. DBut, in the latter case, this lulls some time
before the storm approaches, and for an hour or more the
air is calm, until violent gusts of cool air blow out in
advance of the storm, raising clouds of dust. Somectimes
these gusts blow with great force, blowing down trees or
breaking their branches; and on many occasions pressures
of from 30 to 50 1Ibs. to the sguare foot have been
registered by the Calcutta pressure-gauge.

These storms are of precisely the same nature as the
thunder-storms of an European summer, except that they
are more violent. The accompanying diagram (Fig. 7) of
a summer squall, taken from a treatisc by Dr. Moller)
exactly represents the leading features of an Indian mnor’-

Y Meteorologische Zeitschrift, 1884, p. 238,
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wester. The strdng gusts that blow out in front of the
storm, @, @, and which constitute the dust-storm, are aiv
dragged down by the falling rain, and their conlness is due
tg the partial evaporation of the water drops; therefore to
the same cause as that of the air blown through a fattie.
The conditions for the production of a storm of this
character are that the lower layer of the atmosplere is
warm and damyp; that immediately above it, perhaps at a
height of 4000 or 5000 feet, dry and cooler; and the

116, 7.—SECTI0NAL D1AGRAM OF A SQUALL. Arter MOLLER.

cloud is formed by the ascent of the former, penetrating the
latter and becoming cooled by its ascent, the reverse of the
process noticed on page 49.  Sometimes, when the storm is
seen from a distance, this process may be watched, the motion
of the air that streams in under the cloud bank in front of the
storm (indicated by the short arrows, o, in the tigure) being
rendered visible by the little cloud tufts that appear in it
before it yeaches the main body of the storm cloud, and
their horizontal motion being gradually arrested, are then
carried up and absorbed in the cloud bank above.

The storm almost always advances from the west or north-
west; whence its name. This movement is due to the
upper air current, which is the same as the west land wind
of the Upper Provinces, blowing above the damp air that
comes originally from the sea. Of the existence of this
upper current ocular demonstration is afforded by the fact
that the upper part of the storm cloud (and, in fine weather,
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of the cumulus cloud, of which the storth cloud is only a
more developed form) is almost always inclined castward,
and also by the fulse cirrus (see page 59 and ¢, ¢, Fig. 7)
which advances at a great height as a sheet of eirro-stratus,
with a hard, well-defined margin in advauce of the body of
the storm cloud, Looking out westward across the open
expanse of the Caleutta maidan, T have often watched the
advance of these storms, aud long before the publication of
Dr. Moller’s description and figure, had arrived at the con-
clusion that the process of their formation is exactly such
as is represented in his diagram.

Storms of this class are short-lived, and are not an in-
dication of any general or important disturbance of the
atmosphere, however great their local violence. They are
local eddies between opposite air currents, the one above,
the other below, and do not affect the general movements
of the atmospherc to any great distance from the storm
regiol.

Cyclones and Cyclonic Storms.—Very different is the
other more lasting and sometimes more destructive class of
storms, now known as cyelones and cyclonic storms. I use
these two terms alternatively, as recognising the fact that,
while the disturbances respectively denoted by them are
essentially identical in constitution and mode of origin,
there is a marked difference in the degree of their violence
and destructiveness. The term cyelone is so familiarly as-
sociated in men’s minds with winds of destructive vialence,
and frequently with the still more disastrous accompani-
ment of the storm-wave, that it will be convenient in a
work addressed to practical men, to whom such differences
are all important, to restrict its application to storms of this
kind, and to call the milder though not less extensive dis-
turbances which are experienced in the summer monsoon,
and those also which bring about the winter rains of Nor-
thern India, by its modified derivative, cyclonic storms.

The essential features common to both have already
been described in the section on the winds (page 44). Over
a limited region, more or less circular or oval in form, the
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atmospheric pressure, as indicated by the low barometer, is
lower than anywhere for a great distance around. Into
this barometric depression the air pours from all sides,
fqllowing courses which, as we have seen, are neither
directly towards the centre, nor, as was formerly believed,
in concentric circles around it, but intermediate between
the two, in converging spirals. In the northern hemisphere
these turn around the centre in a left-handed direction as
in Fig. 8, against the hands of the clock, or in the direction
in which one turns an ordinary screw in order to extract it.
In the southern hemisphere they are right-handed, or move
with the clock hands, as in Fig. 9. The strength of the
winds, as has been already explained, varies with the steep-
ness of the barometric gradient, or the rapidity with which

Fia. 8.—TroricaL CYCLONE. Fia. 9.—~TropicAL CYCLONE.

NORTRERN HEMISPHERE. SouTHERN HeMISPHERE.
the pressure falls from the outside towards the eye and
centre of the storm. Hence, when such a storm is ap-
proaching, the winds become fiercer, the more rapidly the
barometer is falling. In the centre of the storm the air is
calm or the winds are light and variable, notwithstanding
that the barometer is then at its lowest. But immediately
around they blow with their greatest violence, and become
by degrees more moderate as the distance from the centre
increases. In the centre of a cyclone the barometer often
marks an inch, and sometimes as much as two inches, below
its readings at a distance of a few hundreds of miles, In
a cyclonic storm the depression does not exceed a few

1 The spirals in Fig. 8 represent the course of the winds in a cyclone

" in the north of the Bay of Bengal. Those in Fig. 9 the winds of a cyclone in

the same latitude in the southern hemisphere.
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tenths of an inch, and although at sea the winds are locally
strong and syually, sometimes indeed attaining to hurricance
foree to east and south of the centre, yet on land they seldom
blow with much violence: the central barowetric depres-
sion is larger, and the calm area less defined ; but the rain
accompanying them s often very heavy, and it is in such
storms that those torrential falls take place, some exaumples
of which have been quoted on a previous page.

Another distinction of much  practical importance he-

tween eyclones and cyclonic storms is that cyelones, not-
withstanding their fierceness, are, as a rule, less lasting than
the milder form of storm, when they have reached the land ;
and are often Lroken up and dissipated when they encounter
even a low range of hills interposed in their path.  Such
was the case, for instance, with the cyclone which, on the
1st Nouvember 1876, passed over Backergunge in Eastern
Sengal, submerging the large islands at the mouth of the
Megna, and sweeping some 100,000 human hetngs to de-
struction; but was dispersed and annihilated on meeting
the Tipperal Lills, which are not more than about 2000
feet high.  And cyclones which cross the Coromandel coast
gencrally break up and disappear on reaching the Fastern
Ghats, which are also little, if at all, over 2000 feet in
height.  Even if not extinguished, they are mueh yeduced
in force when crossing the plateau of the interior, and
become reinvigorated only on reaching the Arabian Sea,
which they may then traverse for a distance of many hun-
dreds of miles beyond.

On the other hand, cyclonic storms which are formed at
the head of the bay, or over Bengal or Chutia Nagpur
during the rains, traverse the hilly country of Chutia
Nagpur and the Central Provinces without any great loss
of energy, and sometimes pass right across Central India,
Guzerat and Cutch, and out to the Arabian Sea, off’ the
coast of Baluchistan.  Others again travel to the north-
west, generally taking four or five days in the transit, and
sometimes lasting much longer. 1In September 1884, a
storm of this kind, formed in the west of the bay about the

) STORMS 87

16th of the month, crossed the Ganjam coast on the 20th,
then travelling slowly on a north-west course, by the 24th
had passed the Satpuras, and the centre lay between Jub-
bplpore and Saugor; in two more days it had reached a
position between Jhansi and Agra, after which its farther
progress was stayed, and it remained virtually stationary till
the end of the mouth, and indeed till the 1st or 2d October,
giving very leavy rain to Rohilkund and the Meerut
division of the North-west DProvinces. The life of this
storin therefore exceeded a fortnight.

One further point of distinction between cyclones and
cyclonic storms is that the former are restricted to the
intervals between the monsoons or to their beginning and
ending. The latter occur in frequent succession all through
the summer monsoon, and, as above mentioned, also in the
winter months in Northern India, Dbringing the winter
rainfall.  Their movements are, however, quite different at
the two seasons. The storms of the late spring and summer
almost invariably move on a course between north and west.
Some few autumnal storms have taken a north-north-east
course up the Bay of Bengal, and those which reach the
shores of Bengal often curve to north-east in the final part
of their course before breaking up. But the cyclonic storms
of the winter and early spring months, that make their first
appearance in North-western India, if not stationary, always
move eastward, and sometimes, though rarely, a little to the
south of east. Cyclones of great violence are comparatively
rare. In the Bay of Bengal they are certainly not more
numerous than about two in the year on an average,
perhaps less; and in the Arabian Sea are even less
frequent, as far as our records go. Whereas, during the
summer monsoon, cyclonic storms sometimes succeed each
other at the rate of four or five in the month.

Cyclones, as experienced on the coasts of Madras,
Bengal, and Burmah, always come from the sea; probably
because it is only at sea, where there is a wide expanse
of open water, that circumstances admit of their develop-
ing a high degree of severity. Otherwise there is no reason,
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why a cyclonic storm  originally formed over the land
and passing out to sea should not develop into a eyclone.
And indeed, more than one instance is on recond, in which
a cyclone formed in the bay, has reachied the Coromandel
coast, and in its passage across the peninsula has been so
fur mitigated that it conld only be described as o eyelonic
storm; but after crossing to the Arabian Sea it has again
developed ity former intensity, and as an unquestionable
cyclone has been encountered by vessels making the passage
between Aden and Bombay.,  Such was the case with the
cyclone that passed over Madras at the end of November
1885.

There is, then, no fundamental distinetion  between
cyclones and cyclonie storms.  Mr. Eliot, who has paid
much attention to this subject, chiefly in connection with
the requirements of the Dengal storm-warning system, has
distinguished them simply as lurge and small storms, the
former Dbeing characteristic of the periods of  transition
between the monsoons, the latter of the wmonsoon season.  And
from his point of view this terminolngy' I8 unobjectionable.
But inasmuch as the latter class of storms, when laid down
on the Indian weather charts, are found to cover (uite as
large an area as the more severe cyclones, these terms might
be open to misconception, and those here proposed  seem
therefore preferable.

These general remarks on eyclones and eyclonic storms
may suftice for this part of the work. In the second part
they will be described more in detail, with respect to the
regions affected Dby them, to their relative frequency in
different months, the cireumstances and place of their origin,
and the courses they generally follow at each scason, and
finally the antecedent conditions which are premonitory of
their occurrence.

Tornadoes.—]It remains to notice a class of storms which
resemble cyclones in the vortical movement of their winds,
and which, within the narrow limits of the areas affected
by them, surpass these and all other storms in violence and
consequent destructiveness; but in the circumstances of
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their origin, and®in their brief duration, are more nearly
akin to ordinary thunder-storms. Tornadoes or whirlwinds,
as these are termed, are comparatively rare in India, there
Leing only four or five recorded instances kuown to me, and
all these were in Bengal. Possibly some of the dust-storms
of North-western India, described by Baddeley,! may be of
the same character ; they have apparently a similar vortical
movement, but not the same intensity, and at present it is
at least uncertain how far the conditions of their formation
are identical with those of tornadoes.

The few recorded tornadoes have all occurred in the
spring months, bLetween March and May. They have
varied from about 200 yards to half a mile in diameter, and
while the track of their passage has been marked by com-
plete devastation, by trees torn up by the roots, or stripped
of their largest branches, by houses unroofed and blown into
ruins, and by human beings, cattle, and even more ponderous
objects being carried into the air and transported to con-
siderable distances, jmmediately beyond its limits everything
has remained undisturbed and uninjured. And the track of
destruction has not been continuous. It appears that
whirlwinds, at least such as are of small diameter, only
reach the ground intermittently, and in the intervals pass
overhead without much affecting objects on and near the
ground. There is some evidence that such was the case in
a tornado that originated over the Jamuna river in Eastern
Bengal on the 26th March 1875, and also in the more
recent tornado that passed over Dacca on the 7th April
1888, of which an excellent description has been published
by Dr. Crombie in the Journal of the Asiatic Society of Bengal?

It is hardly possible to draw further general conclusions
from these few instances, and it may therefore be useful to
consider such as are afforded by storms of the same kind in
the United States of America, where they are of frequent
occurrence, and have been made the subject of careful
study.

1 Phil. Magazine, 1850, and Journal 4s. Soc. Bengal, 1852.
2 Vol. lvii., 1888, Part ii. No. 2.
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In the single year 1884, 171 tornadoes werve vecorded
and reported in the States of the Union, and  have
been discussed in a Memoir by Lieat. J. I Finlay.  The
most important conclusions of a general chavacter, apart
from questions of geographical and seasonal  distribution,
ete., which have chielly a local interest, may be sum-
marised as follows: Tornadoes occur when o barometrie
depression is traversing the States, usually one of more or less
oval or elongated form, having its major axis north and south,
and always in a definite part of the depression.  From the
charts which accompany the Memoir, this appears to he the
south or south-east of the depression.  They occur to the
south and east of a region where there ave hich contrasts of
temperature and also high contrasts of atmospheric hamidity,
which respectively accompany cool northerly and  warm
southerly winds.

Now, substituting “ dry and north-west” for “ northerly "
winds, most of these conditions are probably fultilled in the
case of the Bengal tornadoes.  Such was certainly the ease
in the only instance for which the actual data are before
mie, viz. that of the recent Dacea storm alove quoted.  This
storm occurred in the evening, and the Simla weather chart
shows that, on the morning of the day, there was a barometric
depression in Northern Dehar, to the north-west of Dacea.
On the morning of the previous day a cyclonic storm had
appeared in the Punjab, and it may be infereed from the
subsequent changes of the barometer and winds, that this
had passed to the eastward over the Himalaya, and that the
depression in Northern Behar was a portion of its southern
limb. In any case, on the forenoon of the Tth, winds were
northerly over North-western India, north-west to west
down the Gangetic plain, and between south and south-west
in Bengal.  The north-west winds down the Gangetie plain
were very dry, the relative humidity at 8§ aa. varying
between 20 and 36 per cent of saturation at different
stations, while the south-west winds in Bengal had a
humidity in most cases of over 80 per cent.  The difference
of temperatures of the two winds near the ground surface
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was not indeed véry great, and in the afternoon evanescent,
but it is well known that in the dry atmosphere of the
spring months in Upper India the vertical decrcase of
temperature is very rapid in the daytime, much more so
than in the damp atmosphere of Bengal ; and it is probable
that at the clevation of the clouds, in which tornadoces originate,
there was a large difference of temperature. It seems very
probable, then, that the circumstances under which tornadoes
oceur in Bengal are similar, in all essential respects, to those
which hold good in the United States of America as above
defined.

No tornado has been traced in Bengal for a greater
distance than a few miles. In Awmerica, according to Lieut.
Finlay, the length of their path has varied from 2 miles
to 130 miles, and their rate of progression from 15 to 80
miles an hour. Their average duration at any given spot
was only 45 seconds. In the great majority of iustancejs,
the direction of the wind’s revolution is the same as In
cyclones. The excgptional reported instances in which 1t
was said to be “probably” anticyclonic or clockwise, are
only 6 per cent of the whole.
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PART 11

CLIMATES AND WEATHER OF INDIA

Tut CLIMATES OF INDIA

Heterogeneity of Indian Climates.—In the heading of
this section and in the title of the work, I use the word
climate in the plural, in order to emphasise the fact that
in this respeet, and consequently in all that depends on
climate, the different parts of India exhibit very great
diversity. Northern or extra-tropical India alone, in its
most easterly and nfost westerly provinees, in Assam on the
one hand and in Sind on the other, presents us with the
greatest possible contrast of dampmess and dryness, a con-
trast greater than that of the British Isles and Kgypt; and
when, further, we compare the most northerly province,
the Puanjab, with the most southerly, such as Travancore or
Tenasserim, we have in the former a continental climate of
the most pronounced character, extreme summer heat alter-
nating with winter cold that sometimes sinks to the freezing-
point, and in the latter that almost unvarying warmth in
conjunction with a uniformly moist atmosphere, that is
especially characteristic of the shores of a tropical sea. To
speak, then, of the climate of India, as we might speak of
the climate of Ireland, as if such expression denoted certain
definite conditions of heat and moisture, varying only within
moderate limits, and nearly uniform in the several provinces,
would be as misleading as if we were to speak of its in-
habitants in terms implying that they are a homogencous
race, alike in ethnic and social characters, culture and belief.
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That they are fudian nntives certainly imvlies that they are
human beings, denizens of some part or other of Her
Majesty’s Indian Empire, and little indeed heyond.  And
in like manner the term Zudicen efimate means little more
than that, on the general average of the year, the sun is
higher in the heavens, and the temperature some degrees
greater, than in Kurope or other lands of the temperate
zone,  In all else we must be prepared to timl the greatest
rariation, and even the greatest contrasts,

In respect of this one feature, the mean temperature,
notwithstanding that one-halt of the arca of India lies
without the tropical zone, the country as a whole is remark-
able as being one of the warmest regions of the carth’s sur-
face. It has Jong been known that what is termed the
thermal equator (the line of greatest mean heat of the
elobe), does not follow the course of the equinoctial line,
where, on the average of the year, the sun’s action is most
direct and intense, but, in the longitude of India, bends
northward, running up through Ceylon and the peninsula
to beyond the tropic and, passing through Sind, crosses
thence to the Arabian peninsula; furthermore, that where
it traverses the low plain of Southern India is one of the
hottest portions of this line.  But it has been shown in the
discussion of the temperature in the earlicr portion of this
work, and it will presently be explained more in detail, that
it is not in Southern India that the most intense heat is
experienced in the summer season.  From May to August
the heat of North-western India exceeds that of any part
of the peninsula at any time of the year; and probably
nowhere on the eartl’s surface has the thermometer,
when properly shaded in the manner explained on page 6,
registered higher temperatures than stand recorded in the
dry climate of Upper Sind and western Rajputana,

HILL STATIONS

Before proceeding to deseribe the variceties of climate to
be met with on the plains and plateaux of India, T will
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notice those of the hill stations, many of which lie around
its borders, and which, as the health resorts of Kuropeans in
the military and civil services of India, and as the permanent
abpdes of many of those who have beeome domiciled in the
country, lay claim to our especial interest from a sanitary
point of view. The climates of the Himalayan stations
have indeed been deseribed in a special work on the subject,
written for the guidance of medical officers by Dr. F. N,
Macnamara, and as that work, in addition to the statistics
of the elimate of cach station, gives much other information
relative to the prevalent diseases and their treatment, to all
such officers it will remain a valued and familiar guide-book,
which the present in no way pretends to supersede.  But
the latest meteorological data available to its author were
those of 1876, only 2 years after the Meteorological De-
partment had been established on its present footing ; and
the records of 10 additional years, which have now Deen
publishied, enable me to give much fuller and more trust-
worthy data than were then extant, for illustrating the
climatic features of those stations that are provided with
obscrvatories. To these and to the similar stations in the
peninsula and Ceylon, my own remarks will be restricted.
They comprise the following :—

Quetta. Ranikhet. Mount Abu.
Leh Darjiling. Wellington.
Murree, Shillong. Ootacamuni.
Simla. Pachmarhi. Newara Eliya.
Chakrata. Chikalda.

Quetta.—The climate of this important military station,
within a few miles of the Afghan froutier, has become
known only within the last few years, thanks to the excellent
observatory established and superintended by Dr. Fullerton,
the residency surgeon. In nany respects it is unlike that
of any other high-level station, but may be taken as repre-
sentative of that of the greater part of the western frontier,
and especially of Northern Baluchistan. The part of Balu-
chistan in which Quetta is situated is a tableland, extend-
ing from the summit of the Bolan range, and declining

H
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gently towards the west. At the Aotal "or sumniit. of the
Jolan pass, it is 6500 feet above the sea, and consists of hroad
loamy plains, almost bare of vegetation, interseeted amd sur-
rounded by numerous ridges of bare rocky hills, some peaks
of which rise to 11,000 feet above the sea.  Quetta s built
at an clevation of 5500 feet on one of these valley plains,
forming part of the drainage of the Lora river, running
north and south for about 30 miles, and varying from 34
to 5 miles in breadth,  To the north of Quetta it bends
westwards,  The station is thus surrounded by hills, exeept
to the south and north-west, those on the east being about
9 miles distant, and those on the west little more than 13
miles.  To the north-west the vista is open, nearly from
north to west, and 30 miles off is scen the Khojak range, at
the near foot of which is the frontier military post Pishin.
The whole character of the scenery around Quetta testi-
fies to the extreme dryness of its climate.  The naked hill
scarps, on which every rocky outerop stands conspicuons as
in a geological diagram, the absence of trees and for the
most part of bushy scrub on the pebble-strown slopes at
their foot, and the grassless flats of loam that occupy the
intervals between the ranges, dotted here and there with
mounds of earth exeavated in the construction of Aerezes
or underground water channels, bear witness, even in the
absence of any meteorological record, to the scantiness of
the rainfall and the aridity of the prevailing westerly winds.
The summer monsoon rains, if indeed they reach Quetta
at all, do so only to the extent of a rare shower; the total
rainfall of July and August amounting, on an average, to
less than an inch and a half, distributed over four rainy
days, and in some years failing completely. Indeed the
only rain of importance is that of the first four months of
the year, when, on an average, it rains or snows on one day
in four; and the total average rainfull of the year is barely
10 inches. Even this small amount is very uncertain
and precarious. In 1879 it was little more than 4 inches,
and in the following year barely 6 inches, whereas in 1885
it exceeded 21 inches; and the number of rainy days in

13
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the year has variéd from 18 only to 73. January and
February are the dampest months, but even then the mean
humidity of the air does not exceed two-thirds of saturation,
and the driest is September, when it does not mucli exceed
one-third.  All through the summer monsoon the average
humidity is below 50 per cent.

As I8 invariably the case in dry regions, the ordinary
range of temperature is very great, both in the course of
the 24 hours and also between winter and summer.  The
diurnal range is least in February, when it amounts to 21°,
and is greatest in October, when it averages not less than
357 between the carly morning and the afternoon.  Although
the station is not less than 5500 feet above the sea,
the mean daily maximum of July and August is 91° or
92° in the shade, and a reading of 103° has been registered
within the last ¢ years. The mean temperature of these
months, however, is only 77° and 75° and as a rule in the
early morning, the thermometer, protected from radiation, sinks
to between 63° and ,65°, and often Jower.  In January the
platean is swept by storms of snow and sleet with bitterly
cold winds, alternating with frosts, which, héwever, speedily
disappear under an unclouded sun, and from November to
l‘jebruary the shaded thermometer, on most days before sun-
rise, sinks to a temperature below the freezing-point. The
nights are always cool throughout the year. As above
remarked, the winds are almost always more or less westerly,
most commonly north-west, and this is the case throughout
the season of the Indian summer monsoon, when in the
greater part of Northern India easterly winds prevail.

Leh.—Situated 4° farther north than Quetta, and
6000 feet higher; this station, in the leading character-
istics of its climate, represents that of Western Tibet. Its
observatory, 11,500 feet above the sea, is the most elevated
in Asia, and has now furnished a register for 12 years.

Leh, the chief town of the province of Ladak, is situated
in the upper valley of the Indus, which is here from 6 to 8
miles across for a distance of 40 or 50 miles, and shut in on
both sides by portions of the Tibetan plateau, averaging
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16,000 foet above sea-level, nud heaving some of the loftiest
ranees i the Himalaya,  The flats and terraces along the
hanks of the river are all cultivated, and dotted with
mnerons villages s but for aomile oneaeleside, hetween the
tields and the fool of the hills, is @ waste of sand, eravel and
laroe houlders, similar to that whicl fringes the much lower
hill ranges of Baluchistan, but on a Larger seale. The town
of Leb nestles under the hills north of the vallev, st a dix-
tance of some b miles frome the river, up a long, gentle,
gravelly slope.

The atosphiere of the valley s remarkably clear and
transparent, and the heat of the sun very great. There is
aenerally a difference of more than 60 between the reading
of the exposed sun thermometer i raero and the air tem-
perature in the shade, and this difference has oceasionally
exceeded 90° It has been mentioned on o forier page
that Dr. Cayley suceceded in making water hoil by siniply
exposing it to the sun in a small lottle blackened on the
outside, and shielded from the air by Pserting it in o lavoer
phial of transparent gluss. Owing to the diminished pres-
sure of the atmosphere at the elevation of Leh, this would
however, take place at 191° or 192° or about 207 helow
the normal boiling-point at the sea-level,

The mean annwal tempernture of Lelt is 407 that of the
coldest months (Jannary and February) only 187 and 197
hub it rises rapidly from Felruary to July, in which month
it reaches 627, with a mean diurnal maximum of 80, both
in that wonth and Aueust, and an average difference of 297
or 30° hetween the carly morning and afternoon.  The
mean  lighest  temperature of the year is 90°, varying
between 84° and 95 in the last 12 years.  On the other
hand, in the winter, the minimum  thermometer  falls
occasionally below 07 Fahrenheit, and in 1878 reached as
low as 17° helow zero.  The extreme range of recorded
temperatures is, therefore, not less than 110°

The air is as dry as at Quetta, and rather more uniformly
so. - In the driest wmonth (June) the mean humidity is but 37
’ -ptl' cﬂrt~(n'.‘suturution, and in the dampest months (January
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and February) only 61 per cent.  But the skies are niore
cloudy than these civeumstances might lead one to expeet,
and in no month does the mean cloud proportion fall nuch
below four-tenths of the c'xp:msu The amounts of rain
and snow are, however, insigniticant.  The average rain
(and snow) fall is only 2-7 inches in the year, and twice
that amount is the greatest yet recorded in any one year
(1879), while in one ycar (1876) it was less than half an
inch. It snows most frequently in January and February,
hut the falls are very light in the valley and soon disappear.
Rain is most frequent in July and August, but even then it
oceurs, on an average, only on one day in ten; between one
and two-tenths of an inch being the average fall of each
rainy day.  Agriculture is, theretore, almost entirely de-
pendent on irrigation.

The winds are generally light, and depend on the loeal
direction of the valleys. At Leh, which stands at the en-
trance of the valley leading up to the Khardong pass, the
most common dircctiqns are between south and west in the
daytime and swmnmer, and from north-cast in the night,
espeetally in the later months of the year. In January and
February the air is generally calm, and April and May are
the most windy months of the year.

Murree,—This is the chief sanitarium of the Western
as Simla is of the Fastern Punjab. It is situated on the
summit of the ridge that divides the Jhelum valley from
the Patwar (the tableland above the Salt range), and com-
mands an extensive view of mountain and plain.  The
hills around are well wooded, except in the direction of
the plains.  None of those in the vicinity of Murree are of
much greater clevation than the station itself, which stands
nearly 7500 feet above the sea. The observatory which
was established on its present footing in 1875 is at the
Lawrence asylum, the military school, and fully 1000 feet
lower than the station; on the crest of a spur that runs
down towards the plains, and has a somewhat higher mean
temperature than the station itself, while it is screened from
northerly winds by the main ridge.
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Being thus situated on the erest of one of the outermost
spurs of the Himalaya, its elimate, like that of other
Himalayan sanitaria, is of @ very different type from that
of Leh and Quetta.  Although drier than that of statigns
sueh as Mussoorie and Naini Tal, similarly situated  but
farther to the south-cast, its atmosphere s much dwper
than that of the plains immediately below, and subject to
smadler variations of temperature both annual and  divrnal,
The mean temperature of the observatory 1 56° in January
and  February 392, and in June T1 From this time it
talls aradually to 65 in September, and then rapidly to the
end of the year.  The lowest temperature iy generally
reaclied in February, when the mean minimum reading is
34° The lowest yet recorded, in 1886, is 16:7° Owing
to the comparative lightness of the summer rainfall, the
temperature, from June to September, is higher than at the
more easterly hill stations. Notwithstanding the elevation,
the shaded thermometer not infrequently rises above 90° in
June, and in 1880, a very dry year, registered as high as
08-7°  The diurnal range varies but little in the course of
the year. It is rather smaller in the winter and in August,
when it amounts to 14°, than at other times of the year, and is
ereatest in the driest months, viz. from April to June, when,
however, it does not much exceed 17° These figures, it
must be remarked, represeut the conditions of the observa-
tory only, and it is probable that the amounts would be
found to difter considerably, with differences of position and
aspect, in difterent parts of the station, but those general
characters which distinguish the elimate from those of other
hill stations are doubtless shared by all parts of the site.

From June to November the air is much drier than that
of Simla, or any other hill station of the outer Himalaya,
but in February it is apparently damper, and in the remain-
ing months of the winter and spring of about the same
character. The humidity is highest in August, when it
amounts to SO per cent of saturation.  In March the skies
are as cloudy as in the rains,

In the spring months, from March to May, it rains on
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an average about one duy in three, most frequently in

_April, the rainfall on cacli rainy day averaging about four-

tenths of an inch.  Rain is less frequent in June, but
increases again in July and August, when about half the
ddy are more or less rainy, and the falls heavier than in
the spring, averaging three-fourths of an inch on each day
of rain. The number of rainy days in the year has varied
from 74 only, in the dry year 18%0 to 123 in 1885, and
the total quantity from 391 inches ‘in the former to 718
inches in the latter year.

October and November are the clearest months, but even
these, and every month up to May, are more cloudy than at
Simla or on the plains.  On the other hand,in July and August
there is less eloud than at Simla or other more easterly stations,
as might be expected from the smaller frequency of rain,

Simla.—The well-known sumner capital of the Govern-
ment of India, distant 58 miles by road from the plains and
23 by direct measurement, is built on a ridge, much of which
is rather over 7000 feet, separating the valley of the Sutlej
from the drainage of the Tonse and Jumna, and therefore
forming part of the main watershed of India. The greater
part of the station crowns the crest of an amphitheatre of
hills facing to the south-west, but shut off from the plains
by the peak of Tara Devi opposite the station, and by
more distant ridge, on which are the military sanitaria
Dugshai and Kasaoli. This amphitheatre is formed by
the main ridge and a spur which runs southwards from
its highest point, the forest-clad hill Jako, which rises
above its mnorth-east corner to a leight of 8048 feet.
A small part of the station occupies the northern face of
Jako and the crest of a spur which runs off to the north
in the direction of the Sutlej. Trees are rigorously pro-
tected within the limits of the station, and many of the
houses are embosomed in a thick growth of deodars, blue
pines, and oaks; but the lower spurs and hillsides are for
the most part bare of timber, presenting steep grassy or
rocky slopes, and every available acre of moderately-inclined
ground is terraced and cultivated. The descents on all
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sides ave very steep to the stream beds, about 2000 feet
below the erest of the ridee. The observitory is attached
to the Government oflices, on the southern aspeet, a ]lll;l-
dred fect below the crest of the ridee, .

With a higher rainfall and, on the whole, & somewhat
damper atmoesphere than Murree, the elimate of Simla is
subject to ereater varvintions of hniddy st different seasons,
though not of temperature. The mean temperature of Simla
is 557 or nearly the sane as that of Muwrree, and the same
as that of Milan g that of Januwary and February 417 and

that of June, the warmest month, 677 The former of

these  temperatures is the same as that of  Florence in
Janwary, and the Tatter that ot Frankfort and Vienna io
July,  The lowest readings reached i the conrse of the
yvear vary between the freezing-point and 1357 below i,
197" bheing the lowest yet recorded.  The hichest are
generally below 907 but in 1877 rose to 941" The course
of variation during the year 18 much the same as at Murree.
The extent of the divrnal range is, llu\ym‘or, more variable.
lu April and May, when it is greatest, there is an average
ditference of 20” between the carly morning and afternoon—
the sanme as in the south of Foglind i Jaly, while in
August this difference is only 11° During the six winter
months it is pretty steady, averaging between 16” and 18"

The driest month is December, when the wmean humidity

of the air is only 47, But in May, the mean humidity of

which is 49 per cent of saturation, in some years, for short
periods, it has been konown to fall much below these

averages, even as low as 20 per cent. The early part of

June is sometimes equally dry, but the rains which, as a
rale, set in towards the end of the month, are often preceded
by afternoon storms, which mitigate the dryness of the air
and reduce the temperature.  In July and August the rains
are heavy, and the mean humidity as high as 88 and 91.
At this time the station is frequently enveloped in cloud and
mist, but less continuously than Darjiling and Naini Tal, or
even than Mussoorie; and even at the height of the rains
the evenings are frequently fine.  The rains cease about the
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middle of September, and their cessation is followed by the
clear mild weather that renders Simla at this season one of
the most charming places of residence to be found in the
Iudian empire or elsewhere.  During the latter part of
September, and all through  October and  November, the
skies are generally clowdless, and only as an exceptional
oceurrence is the calm serenity of this scason interrupted
hy a day or two of rainy weather. . About Christmas the
clouds begin to gather, and the first three months of the
vear are chequered by oc astonal storms of snow, and, later
on, of rain and hail.  Thunder and hail storms become
more frequent in May and June, though interrupted by
long spells of hot dry weather, and it is during these inter-
vals that the exceptionally high temperatures above noticed
are expericnced.

The mean annual rainfall of Simla is 70-1 inches ; higher,
therefore, than that of Murree, the excess being entirely
due to the greater heaviness of the summer monseon rains.
The average numbey of rainy days in the year is, however,
not much greater, viz. 99. It rains less frequently in the
spring months, but more frequently i the rains. In the
wettest years there iave been 136 rainy days.  Snow usually
falls several times in January and February, eight being the
average number of snowy and rainy days in these two
months, on most of which the precipitation takes the form
of snow. About once in 8 or 10 years the accumula-
tion may be to a depth of 4 or 5 feet in a single fall,
but as a rule it is much less. Hail-storms are common in
March, April, and May, and occur occasionally in June, the
precipitation sometimes, though rarely, taking the form of
soft hail, which is unknown on the plains. Though more
frequent than on the plains, the hailstones are generally
smaller on the hills and less destructive, the commonest size
being that of small marbles.

The winds at Simla are generally light; those from
north and north-west are dry; and the houses, on the
Elysium spur and the north face of Jako, which are most
exposed to these winds, have a more bracing atmosphere
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than those of Chota Siwla and Boileangunj, which have
a southern aspect. The Jatter also reecive more sunshine,
amd in the rains more clowd and mist. There is thus a
very appreciable difference hetween the northern and soutl-
ern portions of the station, the Jatter heing much the more
extensive,

Chakrata.—This is a small military sanitarium on the
crest of a ridge which rises to the west of the Jummna valley,
a few miles above Kalsi, where it makes its exit from the

Himalaya. Tt is H0 miles in o diveet line south-cast of

Simla, and 22 to the north-west of Mussoorie.  Except the
low range of the Sivaliks and the spurs which run Jdown
from Deobund to the Doon, no hills intervene between the
Chukrata ridge and the plains.  The station lies well within
the zone of heavy rainfall that borders the outer Himalaya,
and at a height of 7000 feet aubove the sea.  The Deobund
range, immediately north of Chakrata, is a few hundred teet
higher, but to the north-east falls towards the Jumna, and
the station commands a magnificent panorama of Jumnotri
and the snowy peaks at the head waters of the Jumna and
Ganges. The hills around the station, like this part of the
Himalaya generally, present bare precipitous slopes to the
south, and are more or less wooded on their northern aspeet.

Being at almost exactly the same elevation as Simla, but
more southerly and nearer to the plains, its mean tempera-
ture 18 about 1° higher, viz. 56°, and as the course of the
annual variation at the two stations is almost identical,
there is a similar difference in most months of the year.
The diurnal range varies in like manner with the seasons,
and 1s 1% or 2°less than at Simla at nearly all times of
the year. The mean annual range is also 2° less, and
somewhat less variable from year to year. The mean
highest temperature of the year is 85°, the lowest 24°; the
highest yet recorded 89:6° and the lowest 187°. These
differences are not indeed great, hut they illustrate the modi-
fication that ensues in the climate of the outer Himalaya in

the course of only 50 miles, as the chain is followed to the
south-east.
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Except in Maveh, April, and August, the air is rather
damper than at Simla, and nrost so from October to Febru-
ary. But except in July, August, and September, Chakrata
is by no means a damp station, and 1its situation on the erest
of a ridge exposes it freely to the usually light winds of the
mountain zone. On the average of 17 years the rainfall is
only 61-5 inches, and more than half of this falls in the
two months July and August. The winter rainfall is about
the samec as at Simla, that of April and May little more
than half as great. The mumber of rainy days in the year
averages 110, and in the wettest year has not exceeded
127, while in the very dry year, 1877, there were but 95.

Ranikhet.—This, too, is exclusively a military sanita-
rium, situated in the Kumaon Himalaya, 120 miles south-
east of Chakrata, rather more than 6000 feet above the sea,
on a little plateau, 25 miles distant from the plains, from
which it is shut out by the higher range, in which lie em-
bosomed the station and lake of Naini Tal. This range
shields it from the, heavier rainfall of the southern face of
the hills, and it enjoys a more equable climate than any
station yet noticed. The plateau is well wooded with pine
groves, amid which clearings have been made for the build-
ings.  To the south and south-west extends a broad valley
clear of forest, leading down to the Ramngunga river, and to
the north an extensive depression in the hills of similar
character affords a wide view over lower ranges and valleys,
terminating some 20 miles off against a higher range,
above which towers a gigantic group of snow-clad peaks,
including Nanda Devi and the Trisul. To the north-west
the view is equally unobstructed, and on clear days the
great independent groups of snowy peaks, Badrinath, the
Banda Poonch, ete., may be seen rising one beyond the other
in diminishing perspective to a distance of more than 100
miles, towering above the lower mountains, and separated by
great valleys from the watershed of the Upper Sutle;j.

The mean temperdture of the station is 60°, and the
average annual range from 30° to 86°; the extremes,
hitherto recorded, being 26° as the minimum, and 87-8° as
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the  maximum,  The absolute  rvange of temperature s
therefore 9 Jess than that of Chakeata, amd 137 less than
that of Simla. The mean diurnal range is from 17 to 5°
less i different wonths, except from July (o Octoher 3 ansd
in April and May, when greatest, does not exeeed 17
This comparative equability of temperature is not, however,
due to greater dampness. On the contrary, the mean
Inmudity of the air, in most months, s appreciably lower
than at. Chakraty, and even in July and August s only 85
and SG per cent of saturation.  Theve would appear also to
he somewhat less clowd, especially i the winter months,
The rainfall, 49 inches, is less by 12 inehes; and little more
than halt’ that of Naint Tal; and there are onan averase
hut 94 rainy days in the year; 107 is the areatest pumber
yet recorded,

The winds arve light and calms [requent at all times of
year.  Those from the south-west ereatly preponderate, owing
probably to the situation of the station at the head of the
broad valley above wmentioned.  On the whole, Ranikhet
enjoys a more equable, moderate, and at the sume  thne
rather drier climate than any other station in the north-west
Himalaya from which we have comparable data.

Darjiling.-—An interval of 570 miles separates this
station from Ranikhet, the greater part of which is occeupied
by the kingdom of Nepal. For this part of the Himalava,
save Prthoragarh, an unimportant station 50 miles from
Ranikhet, and Katmandu the capital of Nepal, in a valley
4000 feet above the sea, any acenrate climatic data are
wanting; and Katmandu s rarely aceessible to Furopeans,
and not available as a sanitariune. Darjiling is situated 16
miles from the plains, on a branch of the Singalelah spur,
runnimg southwards from Kanchinjinga, the gigantic peak
which rears itself at a distanee of only 40 miles to the
north of the station.  The station is built, partly on the
erest of the ridge, partly on its western amd south-western
slopes, at elevations hetween 63500 and 7800 feet; but it is
shut oft from a direct view of the plains by the Goom Pahar
ridge, running cast and west between Sinehal (3608 feet),
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and Tonglo (16,081 feet).  On the north the Darjiling
vidge descends rapidly to the valley of the Great Rungit,
across which and the ridges heyond, the station commands
i magnificent view of the snow-clad monarch which domi-
nates it, and with its attendant peaks alfords one of the
grandest spectacles to be met with in the Himalaya and
probably in the world.  The highest part of the Darjiling
spur is where it runs up to join the Goom Pahiar, and it is
on the crest of this spur, at 7421 feet above the sea, that
is sitwated the present observatory, established in 1881,
This house, now oceupied by St Paul’s school, is the same
as that at which Dr. (now Sir Joseph) Hooker recorded
his obscrvations in 1848, For this site we now possess
a meteorological register for a little more than 4 years.
For 14 years previously the observatory was at the tele-
araph oftice, 500 feet lower down, on the west face of the
ridge, and more on a level with the greater part of the
station.  An abstract of the results of both is given in the
Appendix at the epd of this work.  The existing data for
the new observatory are hardly sufficient to show its climatic
difference with great preeision, but it would appear that its
niean temperature is not less than 3° lower than that of the
old observatory, and its atmosphere about 3 per cent of
saturation damper.  The dinrnal range of temperature is
morcover 2° or 5° less.

Tuking the registers of the old observatory as repre-
senting the climate of the greater part of the station, it
appears  that, notwithstanding its more southerly position
and (excepting Ranikhet) its somewhat lower clevation,
the mean temperature of Darjiling is slightly lower
than that of any of the north-western sanitaria, viz. 54°.
But the most striking point of difference is its much greater
dampness, a diflerence which characterises it in almost
¢very month of the year, and more especially in the spring
season. Even in the driest month, March, the mean relative
humidity of Darjiling exceeds 70 per cent, and from .June
to September inclusive is above 90 per cent of saturation.
Its cloudiness is not less striking. The clearest and most



110 CLINATES AND WEATIIER OF INDIA

serenie months are November and December, It even in
these, on an averace, nearly half the sky is clouded. During
the rains, from June to October, for many days in succession,
the whole station is shivotded in eloud and mist, with almost
incessant rain. - Fven in May more than halt the days are
rainy, and from June to September the number of rainy
days varies from 22 to 28 onan average incach month.
As the rains begin carly, so also they last Tate, and at s
not il the middle of October that they can be considered
fadrly at an end, the average rainfall of that wonth being
6t inches.  The mean rainfall of the year is 120 inches,
distributed over 149 days, and in 1870 there were 171
rainy days.

It is to this dampness and clondiness, and the frequency
of rain throughout the spring and summer, that must be
attributed  the comparative coolness of the station,  The
highest temperature reached i the year is, onoan average,

only 78°, which 1s 8° lower than the average maxinnun of

Ranikhet and 10° lower than that of Simla.  The average

minimum of the year is 30° whiclh is the same as that of

Ranikhet 5 and 26° is the lowest recorded at the old
observatory in 14 yvears.  The mean difference of extreme
night and day temperatures varies from 11° in June, July,
and August to 17° in Mareh, April, November, and Decem-
ber; a range of variation which is the same in amount as
at Ranikhet.  The winter mouths are generally tine, and
notwithstanding the frequency of cloud, rain and snow are
less frequent at Darjiling at this season than at the north-
western stations.

The military sanitarium on the Jellapahar is on the
same ridege as the new observatory, but 400 fect hicher up,
and its climate, therefore, differs in the sime way from that
of the old observatory, and to a greater extent. It is colder,
and the site is more frequently enveloped in mist.

The gardens which produce the fine teas of Darjiling
are all at lower levels than the station, and in a warmer
climate.  Some gardens, established in the early days of tea
cultivation between 6000 feet and 7000 feet, were found

2y o,
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Fo yigh! indeed a t.ca of fine flavour, but the produce was
lllSllﬁlClL‘l.lt to be highly remunerative, and tea cultivation is
now carried on at all clevations from 5000 feet down to the
plains.

Another important product of the Darjiling valleys is
cinchona bark, the cultivation of whicli is carried on at
the Government plantation, on a larger scale than anywhere
else in India.  The gardens are situated below Darjiling, to
the east of the station, on the slopes that run down to the
Tista valley. A register of temperature and rainfall has
been kept here during the last 8 years, under the same
conditions as at other Government observatories, at the
superintendent’s residence at Mongpoo, about 3000 feet
ahove the sea, and affords the following summary of the
temperature and rainfall, which will be of much interest to
those who are engaged in the cultivation of the cinchona.
The rainfall averages are obtained from 13 years’ registers.

TEMPERATURE AND RAINFALL OF MoNGPoo CINcHONA GARDEN

TEMPERATURE. RAINFALL.
;I;uu. | Mean Mean M(‘,a" Range. Ins. Days.
Max. Min. Daily. 4 Month. f
January . ‘ 54 59 49 10 | 17 08 2
February .. 85 60 50 100 | 23 ! o8 3
March . 63 69 57 12 ‘ 25 , 21 6
Apl‘il . . 68 73 62 11 21 40 9
May . . 69 | 73 | 64 9 | a1 | g2 | 17
June . . 72 75 68 7 ‘ 17 299 22
July . R 78 69 9 l 14 | 812 25
August . 72 76 68 8 15 260 24
September . | 72 76 67 9 | 17 | 18% 16
October . 68 72 63 9 | 19 | 53 7
November . 61 67 55 12 19 \ 01 1
December . ‘ 55 60 49 11 1 18 | 09 1
Year .| 65 59
weep ® r 12509 | 133
I
Mean highest temperature of . Lowest recorded reading «. \—E “5°
N )'0111' . . 83° ' Absolute range . h. . 43-1°
can lowest temperature of J Rainfall of wettest year 15.", 83
i o . 58 ins.
y year . . . . 43 Rainfall of driest year 92 ins
eali range of temperature of Rainy davs i ’ . -~ 1ns.
year 40 Rj:}u) Uays In wettest year 156
. ’ : . . ain 'S in drjes
Highest recorded reading |, 83-6° ’ y days in driest year ., 116
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The most striking characteristic of  the Mongpeo climate
disclosed by these registers is its great equability. With an
annual wean temperature of 65 nearly the same as that of
Athens, Algiers, and Madeiry, the extreme vartation during
the year is rather less than that of Moulnein less than
that of any place enumerated in the table on page T8, save
only Bombay, Cochin and Galle s and throughout the year the
daily range is hardly greater than that of the dampest pro-
vinees of Indin in the rainy season. Moreover, this equability
is displayed not only in the average conditions of many vears,
Jut perhaps with even greater emphasis in the vegularity of
their recurrence year after year Thus, tn the course of
8 years, the lighest temperature reached i cach year s
varied only between 81:5° and 83:6°, and the lowest be-
tween 40°5° and 46:5% Tt has never descended to within
8° of the freezing-point.

Shillong.—This station, which is the seat of Govern-
ment in the province of  Assum, is situated on o gently
wundulating tableland 4800 feet above the sea-level, -
mediately north of the culminating ridge of the Khasi hills,
and about midway between the valley of Assam and the
plains of Silhet. 1t is only 30 miles north of Cherrapunji,
(long notorious as the wettest known place in the world).
but the higher plateau that intervenes effectnally shields it
from the heavy rainfall of the sonthern esearpment of the
hills, and the raintall of the station averages only 85 inches,
or little more than two-thirds of that of Darjiling. The
Shillong ridge, immediately to the south of the station,
dominates it by more than 1000 feet, hut to the north the
general level of the plateau falls away gradually towards the
Brahmaputra.  The surface of the platean around Shillong,
as indeed of the Khasi hills generally, is a rolling green sward,
with occasional clumps of pines; hut trees are for the most
part restricted to the valleys which, in the course of ages,
have been croded by the hill drainage, the higher parts of
the surface being kept clear of forest by the fires annually
kindled by the natives for the destruction of the coarse grass
and the stimulation of a young growth fitted for pasture.
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Partly owing to the difticulty of access from other pro-
vinces, and partly to the want of spare house acconmmoda-
tion, Shillong has hitherto been but little visited by others
than the Government oflicials and a few residents of the
Assam valley.  The former obstacle is now in a great
measure removed by the completion of the railway from
Calceutta to Dhubri, and the establishment of a line of swift
steamers daily from that place to Gauhati, from which
Shillong may be reached in 10 hours; and when new
houses are provided to meet the increasing demand, it may
be expected that in the course of a few years the place will
become better known; and a station which, in its mild
climate and open downs, holds forth to the residents of
Bengal mauny of those attractions which make the Madras
Nilgiris so charming a resort, will attract from the over-
crowded boarding-houses of Darjiling some of those who
seck @ temporary refuge from the “branding summers of
Bengal”  To such persons the following sketch of its
climatic features will be welcome.

On the average of the 4 years, 1869-1872, the mean
temperature of Shillong was 62° which is about the same as
that of Constantinople, Barcelona, and Oran; in fact of an
average Mediterranean climate, and the July temperature
of the south of Ireland and the more northern midland
counties of England.  Shillong itself has this temperature
in March and October. In the warmest months, June to
Angust, it is below 70°, and in April and May intermediate
between the two, since in the Khasi hills, as in the pro-
vince of Assam generally, rain is so frequent in the spring
months that the temperature does not rise to a maximum
in May, as on the plains of Northern India, and suffers no
abatement when the monséon rains set in in June. The
highest temperature reached during the 4 years was 84°,
and the maxima of the other years were a degree or two
lower. The lowest reading recorded was just above the
freezing-point ; the average minimum of the 4 years 34°
and the mean temperature of December and January 51°.
The winter temperature is therefore nearly the same as that of

1
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Lisbon and Palermo, and the July tamperature lower than
that of cither. In December and January, the most serene
months of the ycar, the mean difference of the carly morning
and afternoon temperatures is 19 or 20°, which is as great
as that of Simla in April and May, and is that of the south
of England in July. In July it is only halt as great,

While, in respect of temperature, the climate of Shillong
much resembles that of places in the south of Europe, in
the dampness of its atmosphere and its rainfall it is cmi-
nently tropical,  In the driest month, March, the humidity
is indeed only 59 per cent of saturation, but from July to
October inclusive it ranges between 86 and 89, and from
June to September, on an average, cight-tenths or more of
the sky is clouded.  Except the winter months, or from
November to March, there is no dry season.  Even in
April it rains on one day in three, in May on two days out
of three, and in the four sueceeding months even more fre-
quently.  On the average of 18 years there have heen 150
rainy days in the year. Dut althongh it rains more fre-
quently than at Darjiling, the rain is much less heavy, since,
as above remarked, the average rainfall of the year hardly
exceeds 85 inches, of which 70 inches fulls in the five
months, May to September.  In the remainder of the year
the climate equals that of the most favoured countries in
Europe.

Pachmarhi.—This is a small station on the Muahadeva
or Pachmarhi hills, in the Central QProvinees, about 1°
south of the Tropic of Cancer. It is the hot weather
residence of the Chief Commissioner and some of the higher
officials of the Province, and is also used as a sanitarium for
a small body of British troops, The Pachmarhi hills form
a prominent group in the belt of hilly country that
stretches across India to the south of the Sone and Ner-
budda valleys, now generally known as the Satpura range.
On the south, the Pachmarhi group terminate in a pre-
cipitous escarpment of thick-bedded sandstones, and on the
north, slope rapidly but less abruptly towards the Nerbudda
valley. Their summit forms a little undulating plateau,
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arassy and  dotted with climps of trees, which cive it the
general aspeet of an English park, diversified with Dlufls and
higher peaks of sandstone which, in Dhupaarhy, rise 1o 1000
fzet above the general level of the tableland.  The scenery
is peenliar and very beaatiful.  The elevation of the station
being only 3500 feet above sea-level, and 2500 above that
of the Nerbudda valley, its elimate s of the same general
character as that of the Central Provinees around, with the
tower temperature and higher rainfall due to its elevation
and the form of the ground. 1t is sutliciently high to afford
cool nights even at the hottest season, but in the daytime
the sun is very powerful, and in some years the shaded
thermometer rises to above 100°  As a sanitarium it eannot
be considered as a rival to the Himalayan stations and the
Nilgiris of Southern India, but it affords a grateful place of
refuge from the intense heat of the lower plains from March
to May, and at other times of year, except perhaps sometimes
in the rainy season, the climate is charming.

The mean annual temperature of Pachmarhi is 69°; that
of December, the coolest month, 56°; and that of May, the
warmest, 83° rising to 94° in the daytime and sinking to
74° at night.  The rains, which usually set in about the
middle of June, bring down the day temperature nearly 20°,
and the night temperature by 5° or 6°  The formmer rises
again slightly at the end of the rainy season, in September
and October, but this slight rise is compensated by the
gradual fall of the night temperature, and after October the
decline is rapid. Even in the coldest season the ther-
monieter rarely sinks to the freezing-point, 35° being the
mean minimum of the year.

Except in the four months of the rains, the atmosphere
is very dry, especially in the spring or hot season. In
April the average humidity is only 26 per cent, and from
November to May below 60, the cloud from two to three-
tenths of the expanse, and the rainfall from three to seven-
tenths of an inch in each month. In July rain is heavy
and frequent, amounting to nearly 29 inches on 25 rainy
days. In August it is lighter, but alinost cqually frequent.
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In the cyclonie storms, deseribed on a previous page, which

frequently traverse this part of India in the rains, falls of

B3 oor 4 inches in the 24 howrs are by no means un-
usual, and occasionally as muech as this is vegistered on two
or more days in succession.  The rains come to an end in
the latter part of September, but there are usually o few
heavy showers in October before the weather finally clears.
The natural drainage of the platean is complete and rapid.
A little lake has been formed by damming o small water-
course that intersects the station, and this is considered to
have somewhat impaired the salubrity of the place, which is
hardly above fever range.

Chikalda.—About 100 miles to the south-west of Pach-
marhi, this small sanitarium has heen established at 3656
feet above the sea, on the highest part of the Gawilgarh
hills, which, like the Pachmarhi group, are a part of the

Satpura range. It is little known beyond the provinee of

Berar, in which it is situated, and in clevation, and the
general character of its climate, much resembles Pachmarhi.
The geological formation of the Gawilgarh hills is, however,
different, being a portion of the great Decean basaltic trap.
Chikalda stands on the southern margin of the hills, over-

looking the plain of Berar, which has here an elevation of

over 1000 feet. A Government observatory, established
here in 1875, affords the data summarised in the Appendix,
from which are gathered the following particulars of its
climate.

The mean temperature of the year is 70° or 1°
warwer than Pachmarhi, and the annual course of its varia-
tion is of the same general character, except that its range
is much smaller, the winter months being 6° warmer,

while those of the monsoon (June to September) are 2° or

3° cooler.  The highest temperature of the year is, however,
about the same as at Pachmarhi, the mean of May being
94°, and the mean highest reading in the year 99°, with
an absolute maximum of 103° in the dry year 1876. The
lowest yet recorded is 39-5° which is 9-5° higher than that
of Pachmarhi; and therefore the absolute range of recorded
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temperature is only 63:5°, or 9° less than that of the more
northerly station, the clevations of the two being the same
within 30 fect.

v The rainfall is 1T inches less than at Pachmarhi; that
of July alone being 11 inches less, and that of both August
and September 2 or 3 inches less, but there is more raiun in
October, viz. over 4._1: inches on an average, whereas Pach-
marhi has but 2. In other respects, the two climates are
very similar.

Mount Abu—DMount Abu is a lofty isolated hill or
cluster of hills, 7 miles to the west of the Aravali range;
the name given to the chain of rocky hills that runs
south-west from Delhi through Rajputana to the northern
limits of the Nerbudda valley, forming the western margin
of the Malwa tableland.  Mount Abu is a rocky eminence
rising to 5653 feet above the sea-level, and crowned by a
Jain temple of great sanctity, a renowned place of pilgrimage
to the adherents of that sect, from all parts of India.  The
station of the same name, which is the hot-weather residence
of the chief officials of Rajputana, the scat of a Lawrence
asylum for soldiers’ children, and is also resorted to by the
residents of Guzerat, is built on this hill at an elevation a
little below 4000 feet, that of the observatory being 3945
feet above sca-level.  Being on the border of the arid
region of western Rajputana, it shares the general character-
istics of its climate, save that, owing to its elevation, it is
much cooler, and has a rainfall between double and treble
as great as that of the plains around.

Althougly it lies more than 2° north of Pachmarhi, and is
400 feet higher, the mean temperature of the year is only
1° lower, viz, 68° and the January temperature the same;
that of the spring months, March to May, being 3° or 4°
lower, and that of the three final months of the year higher
by the same amount. In January, the coolest month of
the year, the temperature is 58°.  The lowest reading varies
much in different years, not having fallen below 433° in
1882, while in 1878 it was as low as 32:8°.  Opn the
average of 9 years it was 39° In May, which is the
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warmest  month, the mean temperature is 79°, hut the
afternoon average is 89°, and the hichest readings have varied
from 937 1o 101° in different years: the nights, however,
are cool, the temperature falling, on an average, to 71° he-
fore sunrise.  Owing prolably to the position of the station,
on a hill which descends on all sides to plains 3000 feet
or more below the station, the daily range of the ther-
mometer is smaller than at Pachmarhi, not exceeding 187
on the average of any wonth in the year, and being only 167
or 17° in the winter months, and ¢§

As already remarked, the air s very dey during the
greater part of the year.  The mean hwmidity of March or
April is only 29 or 30 per cent ol saturation, and frowm
November to May inclusive, in only one month does it ex-
cced 40, In August 1t rises to 87, From October to
May the skies are very clear, the mean proportion of cloud
varying from one to three-tenths of the sky expanse, and
the rainfall is equally slight, indeed insienificant, not ex-
ceeding two-tenths of an inch in any menth, on an averace,
from November to April.  Only in July and August i.s" it
at all heavy, the average of each of these two months being
rather over 22 inches, and this falls in quantities u\'m-ngin;:
about 1 inch on each rainy day. The mean rainfall of
the year is a little over 63 inches, distributed over 78
rainy days.  The greatest in any one year was 123 inches,
and the least 192 inches.

From May to August or September the wind is steady
from the south-west or west, and of moderate strenath,
averaging 10 or 12 miles an hour; in November and Decem-
ber northerly winds prevail, and in the remaining months
they are more or less variahle, but with a preponderance of
west winds, the dry winds of all North-western India.

Mahableshwar. —Except Matheran, within a few hours'
railway journey from Bombay, the only hill station in the
Bombay Presidency is Mahableshwar, on an eminence of
the Western Ghats, 4540 feet above the sen.  For this
station I have no recent and trustworthy registers of clinnte,
save only of rainfall.  This has long been known to be ex-
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ceptionally heavy at Mahableshwar, exeeptional even in the
rainy zone in which it is situated, and is surpassed only by
that of Cherrapunji and a few other places in Assam.
The residents of Bombay resort to Mahableshwar during the
hot season that precedes the mains, but from June to October
the favourite place of residence is Toona, which is more
accessible from Bombay and, together with a light rainfall,
not exceeding 25 inches from May to October, nevertheless
enjoys a cool atmosphere throughout the rainy season.  The
climate of this place will be noticed further on, in connee-
tion with that of the Decean generally.

Ootacamund.— Beside one or two smaller settlements
and numerons plantations of coffee and cinchona (chiefly
on the western slopes), two sanitaria, one civil and one for
military purposes, have been established on the Nilgiri hills,
one of the loftiest of the hill groups dotted over the southern
part of the peninsula.  The first, Ootacamund, is the summer
residence of the Madras Government ; the secoud, Wellington,
formerly known by.its native name, Jakatalla, is exclusively
oceupied by British troops; but there is, in its vicinity, the
civil settlement of Coonoor, the climate of which is very
similar.

The Nilgivis are a lofty mass of hills at the southern
extremity of the Mysore tableland, where the Eastern and
Western Ghats converge.  Their summit is a grassy un-
dulating and hilly plateau about 20 miles across, and aver-
aging between 6000 and 7500 feet above the sea.  On its
western margin it is ecrowned by a somewhat higher ridge,
the western face of which falls away abruptly towards the
plains of Malabar, as a continuation of the Western Ghats of
the Wynaad and Mysore; and about midway in its extension
it is crossed from north to south by another and higher
range of hills, the culminating point of which, Dodabetta, is
8640 feet above the sea.  Ootacamund and Wellington are
on the opposite sides of this latter range, the former to the
west, the latter on its eastern flank, and thus, while OQota-
camund is more exposed to the westerly monsoon which
blows in the summer months, Wellington receives more rain,
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when, in October, the wind has changed to east and north-
cast ; a change which ushers in the north-cast monsoon of the
Bay of Bengal.

One could hardly desire, and it would certainly he hard
to find within the limits of the Indian empire, or perlaps
elsewhere, o more charming climate or one more fitted to
the EBuropean constitution than that of the Nilgivi hills.
The Laurecate has sung of the “sweet, half-English Nilgiri aiv;”
but it is the air of the English spring and summer, without
Atlantic storms or the bitter east winds of Mareh ; a elimate
where one may inhale the fresh breeze that blows over rolling
downs, and brave with impunity the ardour of a tropical
sun, and even enjoy the cheerful compunionship of an even-
ing fire through the greater part of the year.  The lowers
of Southern Europe and well-flavoured English vegetables
flourish with a luxuriance unknown in the torrid ZO0e, save
on such as this and its sister hill groups, the Shevaroy and
Pulni hills.  Shielded by the Kimdal and Makioti rv'.mgcs
from the heavy rainfall of the Western Ghats, fine and
cool cloudy weather is the rule rather than the exeep-
tion, even in the summer monsoon; and in mid-winter the
cle‘rlr frosty atmosphere of the early morning is warmed up
daily by a genial unclouded sun, and day follows day un-
troubled by snow-storms, and free from their unwelcome
sequelie, thaws, slush and catarrh.  Without the arandeur of
the Himalayan gorges, or the majesty of eternal snows, the
Nilgiris have a soft beauty of their own, recalling to the
Englishmau the undulating contours of his own western
hills; and the pedestrian can strike a bee-line over hill
and dale, whithersoever his faney leads him, unimpeded
by any obstacle more serious than an occasional peat-hog or
a brawling hill stream.  Among all the pleasant memories
of more than 30 years of Indian life, and an experience of
all parts of the empire from Peshawar to Sibsagar and Point
de Galle, T can recall no more charming scene and climate
than those of the Nilgiri hills.  Many an old Anglo-Indian,
whom choice or necessity has led to fix his home in India,
has found in these hills scenery as Leautiful and a climate
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s

as enjoyable as any in the most favoured lands of the Medi-
terranean shores.

One striking characteristic of the Ootacamund climate,
due to its position low down in the tropics, is the compara-
tive uniformity of its temperature throughout the year.
While the mean temperature of the year is the same as that
of Simla (viz. 55°), that of May, the warmest month, is only
4° ahove this mean, and that of January, the coldest, only
7° below it.  Even this difference is due much more to the
variation of the night temperature than to that of the day,
and the latter is affected more by the amount of cloud
and rain at different scasons than by the sun’s declination
and the length of the day.  The afternoon temperatures are
lowest in July, but vary very little from that month to
December, after which they rise steadily till April.  From
April to July they fall 10° The night temperatures are
lowest in January, and rise 18° between that month and
May ; from which time they vary only 1° or 2° till October.
The highest thermameter reading recorded in 1880, the
only year for which we have a trustworthy register, was
77-3° and the lowest 25:3°  The daily range is very great
in clear weather, as is usually the case on tablelands. In
January, February, and March it varied, on an average,
between 27° and 31° in the 24 hours, but only from 10° to
14° in the cloudy months, June to October.

The atmosphere is not very dry, except in March, the
only month of 1880 in which the mean humidity ranged
below 50 per cent of saturation. From June to November
inclusive, the average of any month fell little Lelow 80 per
cent, and in November was 90. From June to October the
skies were very cloudy; but as the rainfall register of
Wellington shows that 1880 was a remarkably wet year on
the Nilgiris, there is reason to believe that Ootacamund
is in general a less damp and cloudy station than might be
inferred from the table in the Appendix. In 1857, the
geological survey of the Nilgiri hills was carried out during
the summer monsoon with no more interruption from bad
weather than would have been experienced in an English
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climate.  Notwithstunding the prevailing clowdiness at this
season, the rainfall is Dy no means heavy,  From May to

August the weather is showery, but the total amount of

rain is only 4 or 5 inches in the month, and out-of-door Efo
is as little checked by weather as in an ordinary English
swmmer.  The heaviest rain is in Octoher.

Wellington.—At a level 1000 feet lower, and with an
additional screen interposed between it and the westerly
monsoon, in the Dodabetta range, which  dominates it hy
2500 feet, Wellington is 6° warmer than Ootacamund, and has
less cloud and rain; while in some respeets it enjoys even
greater equability of temperature.  During the swmmer
monsoon it is frequently fine and clear to the east of Doda-
betta, while completely overcast and raining at Ootacanund ;
a contrast which we meet with in a much higher degree
on the opposite sides of the culminating range of the
Ceylon hills.  But, after October, the relations of the two
stations to the rainy winds are reversed; and in the final
months of the year Wellington is the »ainier station of the
two.

The mean temperature of Wellington, as deduced from
between 12 and 14 years’ registers, is 61°  That of May,
the warmest month, is only 5° higher ; and that of January,
the coldest, only 6° lower.  The average afternoon tempera-
ture of May is 76°, and the highest readings recorded in
each of 6 years have varied only between 79-5° and 807,
or little more than 1°  The early morning tempera-
ture in January averages £5° and the lowest has varied
between 34-2° and 37°5°, or little more than 3° in different
years. In the winter months the range during the 24
hours is considerably less than at Ootacamund. It wmounts
to 24°in February, and 21° only in January and March;
and from June to November does not exceed between 13°
and 15° on an average.

The air is drier than at Ootacamund. The humidity
is above 80 only in October and November, but it is below
70 only from February to May. There is also appreciably
less cloud than at Ootacamund, but clear skies predominate
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only from January to April.  The rainfall is moderate—
about 48 inches only in the year.  From April to August
there falls from 3 to 4 inches in cach month on an average,
and it rains about every seeond day.  In October and Nov-
cmber it is about three titwes as heavy, but even then there
average 13 or 14 fine days in each month. In January
and February rain is rare, and in March and April it rains
onan average one day in five, chiefly in afternoon thunder-
storms.

Newara Eliya.—The mountain region of Ceylon is an
isolated mass in the south of the island, surrounded by a
broad undulating plain on the south-east and ecast, and a
more extensive plain on the north, while, to the south-west,
a generally hilly country of greatly inferior elevation and
intersected with alluvial flats extends between it and the sea.
Most of the highest elevations are on the south, where Adam’s
Peak and some other eminences rise to over 7000 feet;
and from this range a spur of equal height is given off to
the north, running narth-north-west across the middle of the
mountain tract and dividing it into two nearly equal por-
tions.  Midway in this spur is Pedro Talla-galla, the highest
peak in the island, rising to 8296 feet above sea-level ; and
on its south-western flank, 2000 feet below the summit,
lies the little sanitarium of Newara Eliya. The station is
built on and avound a small alluvial flat, formed by a small
stream that drains the western slopes of the mountain, and
then precipitates itself through the Rangbodde Iass, by
which the road descends n the direction of Kandy. The
ridge, of which Pedro Talla-galla is the culminating peak, acts
as a barrier to the rainfall of the summer monsoon, in the
same way as the Dodabetta range on the Nilgiris, but in
a much more emphatic manner, producing a very striking
contrast of weather on its castern and western slopes. The
following description was written many years ago, after a
visit to Newara Eliya in the month of June, and its
accuracy has been confirmed by persons of much longer
experience of the station. In the summer monsoon, day
after day and week after week, Newara Eliya lies under
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a dense canopy of cloud that shrouds all the higher praks
and pours down almost incessant rain. — But Iet the traveller
leave the station by the Badulla road, and crossing the eol
of the main range at a distance of 5 miles from Newara
Eliya begin the descent to Wilson's bunealow, and he
emerges on a panorama of the grassy downs of the lower hills
bathed in dazzling sunshine, while on the ridge alove, he
sees the clond masses ever rolling across from the west, and
apparently dissolving away in the drier air to leeward of the
hills.  The disappearance of the eloud is doubtless due to
the descent of the cloud-laden current that has swept over
the crest of the range, and to the warming which it neces-
sarily undergoes in such descent; which, according, to
theory, must be 1° in about every 450 feet, until the cloud
is dissipated. A similar phenomenon has been deseribed
by Sir John Herschell on the Table mountain at the Cape
of Good Hope, and on a smaller scale, and less continuously,
may be frequently witnessed on the ridges of the Himalaya.

Newara Eliya is a much rainier though not cloudier station
than Ootacamund, being unprotected (unlike the Iatter) by
a higher range to windward. The table in the Appendix
shows that it rains on an average 193 days in the year,
and the annual rainfall is nearly double that of Ootaca-
mund.  Indeed, the only scason that can be called fine is
restricted to the first four or four and a half months of the
year, and even in these it ruins on one day in three or
four.  October, which is the first month of the winter mon-
soon rainfall, is as rainy as June, July, and August, and
even in November it rains on an average on two days out
of three.

The mean temperature of the station is 59°, or 4° higher
than that of Ootacamund, a difference due in a great measure
to its lower elevation. In no month does the mean vary
more than 2° above or below this; and the chief variation
at different seasons is that the extreme temperatures of day
and night differ more widely in February, Mareh, and
April than in other months of the year. January and
February are the coolest months, and it is warmest in May,
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just betore the setting in of the monsoon.  But the highest
'u\.mpumtur«-, recorded has not exceeded 79° during the last
11 years, and it has varied only between that apd 74°
in. difterent  years.  The lowest  trustworthy reading on
record is 520 and the average minimum of the year 35°
Much lower readings were registered in 1875 and 1876,
but there can he little doubt that for two and a half years
an untrustworthy instrument was i use, and these accord-
ingly I have rejected, '

The diurnal range of the thermometer is not so great as
at Ootacamund, but rather approaches that of Wellington.
It varies from 120 in June and July to 23° or 24° in
February, March, and April. It is o very damp station,
the humidity of the air being between 80 and 90 per cent
of saturation from May to the following January, and not
falling to 70 on the mean of any month. A damp and
cool but not cold atmosphere, varying but little throughout
the year, is thercfore the leading characteristic of the climate
of Newara Eliya. o ,

General Characters of Hill Climates.—Herewith I
conclude my notice of the climates of the hill stations of
Tndia and Ceylon, of such of them at least as are repre-
sented in the Indian Meteorological Reports.  'We have seen
that they present almost as great variety as do the plains
below them. In all cases their atmosphere is cooler and
damper than that of the neighbouring plains; but while
those in the North-west Himalaya are subject to great
vieissitudes of heat and cold, dryness and dampness in the
course of the year, those of Southern India zmdv Cefylon are
comparatively uniform in these respects, and their fine clear
season is shorter than at the northern stations, and by no
means so dry.  Of all the stations enumerated, Ootacamund
is that which most frequently reminds one of England; but
the resemblance is not very close, and consists chiefly in its
coolness, its cloudy skies and moderate rainfall. — The

climate of Simla and the Kumaon hill stations is rather
South European in type; and to Darjiling hardly any
parallel can be found, except perhaps, and that imperfectly
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and in respeet of dampness, in Cornwall and the south-west
of Ireland.  As to the stations at lower elevations, Shillong,
Pachmarhi, Chikalda, and Mount Abu, they retain too
nmueh of a tropieal character to he put in comparison with
any European analogue,  They are pleasant places of refuge
from the scorching or suffocating heat of the plains, and
seem cool by comparison; but, except in the cold season,
when they are charming, they are scareely such as an
European, free to select his place of residence, would prob-
ably choose as an abode,

CLIMATES OF THE DLAINS

I now pass to the deseription of the climates of the
plains of India, beginning with the Northern and Western
provinces, then tracing out the changes that eradually
ensue as we proceed eastwards to Assam and southwards to
Ceylon, and concluding with what 1s at present known of
the climate of the Burman peninsula,  The tabular sum-
maries of temperature, humidity, ete, at a numbher of the
more hmportant stations given in the Appendix, will serve
to illustrate these descriptions, and to aftord exact data for
many of the military cantonments and larcer civil stations,
in which the European population chiefly centres.

Punjab.—Of all the provinces of Iudia, the Tunjab,
which is the most northerly, is also that in which the
vicissitudes of climate are greatest. It has the coldest
winters, and, together with Sind, the hottest summers; and
it has been shown at page 12, in the illustrative instance of
its capital, Lahore, that the irregular changes of temperature
from day to day, which accompany changes of weather, are
greater and much more frequent than in the damper
province of Bengal, or, it might be added, in any other
part of India. Next to Sind and Western Rajputana,
which border it on the south, it is in great part also the
driest province; but in this respect there are great differ-
ences in different parts of its area. Much of its southern
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and western districts is virtually desert, not owing to any
want of natural fertility in the soil, for, wherever it can
be brought under irrigation, noe soil is more productive, but
solely to the scantiness and uncertainty of the rainfall,
But the tract, from 50 to 100 miles broad, that extends
along the foot of the Himalaya, receives in most years a
rainfall suflicient for suceessful agriculture; and as this
oceurs at two different seasons of the year, viz. from
January to April and from July to September, two series of
crops are raised annually, the spring crops or rabi consist-
ing chiefly of wheat, barley, and graw (cicer arictinum), the
autunin crops of millet, maize, various pulses, oil seeds, and
sugar cane.  Cotton, indigo, and some rice are also among
the agricultural produce of the Punjab.

How the climate impresses the Kuropean is well shown
in the following extracts translated from a lecture by the
Tev. J. M. Merk, for 16 years a resident in the provinee.
With some slight modifications, to be noticed in due place,
the description will apply to the greater part of North-
western India.

“Like the rest of India, the Punjab has really but three scasons :
the summer or hot season, the rains, and the winter, which, in India,
we speak of simply as the cold scason. The hot season begins in
April, but in March it is already so warm that barley and wheat ripen
and are harvested,  From April to June, as a rule, there is no rain.
The west wind liolds sway, and, blowing from the sandy wastes of the
Indus region, is a veritable hot wind (Glutwind). A denizen of the
temperate zone can hardly realise to himself the desiceating, truly
scorching heat of this wind. When exposed to it, one may imagine
one is facing an open furnace.  The thermonicter rises in the shade to
over 50° C. (122° Fahr.) In order to enjoy fresh air at this season
one must take exercise in the early dawn, between 4 and 5 in the
morning ; for no sooner has the sun risen than the heat sets in again,
After 7 A, save of necessity, no European leaves his house, and
should business oblige him to do so, he must protect himself from the
sun with an umbrella and a thick head-covering. . . . At sunrise, or
soon after b A, houses must be closed, only a small door being left
open for communication with the outside. Thus the house of 2
European is more like a gloomy prison than an ordinary dwelling-
house., So long as the hot winds blow strongly and steadily, rooms
may still be kept In some measure cool by means of tatiies or grass
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sereens set up in front of the doorway, and continually s]ll‘illk]wl'\\‘llh
water, or by the fan vanes of the so-called ¢ thermantidote) \}'llu-ll a
servant keeps revolving and sprinkles with water; :nu! at night 1\1}:
punkah is worked. Whoever eannot provide hinself \.\’l.tll these wrti-
ficial cooling appliances must suffer the daily torment of lll.\'ll.llll()]'lill\lll‘,
exhausting leat.  Man and beast languish and gasp for air, \\'hll-l“,)
even in the house, the thermometer stands day and night between 30

and 45° C. (95° and 113" Fahr)  Little by little L]n'.. l‘lurnltq-un ln.svﬂ
appetite and sleep 5 all power and energy forsake him.  Vegetation
suffers equally ; almost all green things wither ; the yrass seems ln}n-nt.
up to the roots ; bushes and trees seem mnnlnunl'; the carth s as
hard as a paved highway ; the around is seamed with cracks 3 and
the whole landseape wears an aspect of harrenness and '.\-:ulncss. At
length, in June, the hot winds cease to .l)ln\.v, and are followed by o
calmt ; and now indeed the heat is truly fearful ; tatties and tlu'-rm:m-
tidotes avail nought ; all things pine for the rains; but no rain, not
even a shower, can one hope for, till the south and cast winds s]mll_
have set in.  And even then, the tins do not extend to the whole of
the Punjab ; Lahore has but litt.lc r'uin, Mooltan svz.\rcvly any ‘m.ul
the peasant of the Western Pl.lll.]ilb is dependent entirely on artificial
irrigation for the watering of his crops. . .

«The southerly and easterly winds bring first clouds and violent
storms with heavy rain showers, which are repeated daily, ory at all
events, every 2 or 3 days; and, finally, the mins which, in the
Himalaya, set in ut the beginning of July and cease at the end of
August or in the middle of September.  In July the trees begin a
second time to burst into Ieaf ; grass springs up once more, and =oon a
vegetation is developed that, fostered by warmth and moisture, is
scarce to be kept within due bounds  The peasant now works hard
at ploughing, sowing, and weeding bis fields. Rice is sown in June,
during the great heat; in September it is reaped ; and within 2
months, maize is sown and harvested, .

“After from 4 to 6 wecks of heavy rain, often falling uninter-
ruptedly for 2 or 3 days in succession, it clears up, and sometimes
some weeks pass without further rain; after which, a week or two
more of rainy weather bring the season to a close.  Grateful as is the
coolness brought by these showers, the more oppressively hot and sultry
is it, when the rain ceases and holds off, if only for half a day. The
atmosphere weighs on one like a heavy coverlet ; and then comes th'c
daily and nightly plague of mosquitoes. Insect and reptilian life is
now active ; of evenings it hums and buzzes and croaks all around ;
frogs make their way into the house, and with them more serious np«l
unwelcome visitors, scorpions and snakes ; for which reason it is unwise
at this time of year to go about in the dark.

“One can hardly picture to oneself in our European climate how
serious and disagreeable are the effects of excessive moisture, as ex-
perienced towards the end of the rains. Woodwork swells, and doors
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and windows can be fastened only with much difficulty. Shoes and all
articles of leather become thickly coanted with fungus, books become
mouldy and worm-eaten, paper perishes, linen becomes damp in the
presses, and despite the oppressive heat, one must often light a fire on
the learth, only to neutralise in some degree the influence of the
damy.

“The period which immediately follows the rains up to Octoler is
the most unhealthy season in the year. Decaying vegetation under an
ardent sun generates miasma, the consequences being fever, dysentery,
and not unfrequently cholera. Towards the end of the rains one
rejoices indeed to see the heavy dark clouds disappear, but the heat
soon becomes once more so great that one longs for the cold season,
and more than ever turns an anxious eye to the wind vane, watchi-
ing for some sign of the cool westerly and northerly winds,  With the
beginning of October these winds set in steadily, clearing the skies, and
now the blue firmament appears in all its splendour, so glorious in the
torrid zone, . . . From October to Christias, as a rule, the weather is
clear and tine, the air is pure and most delicious, and one can hardly
imagine @ more charming climate 5 but it must never be forgotten that
an Indian sun shines overhead, and that even in the cold season one
must never expose the unprotected head to its rays.  The European
now once more breathes freely, and it is a delight with the head well
covered to move about in the open air. Fruit certainly is over, hut
the Kuropean now bethiaks himself of his own garden, for it furnishes
him with most of the vegetables of Europe, and our loveliest warden
flowers bloom and delight his eye with their well-vemembered forms.
« . For 5 or 6 weeks Europeans can work vigorously and with
pleasure.

“In December and January the fire burns all day long on the
hearth, and in the morning and evening is especially grateful. The
nights are positively coll ; even on the plains, ice and hoar frost form,
and near the ground the thermometer sometimes sinks to 5° C. (23°
Fahr) During the second half of the cold season we have in the
Punjab a good deal of rain, without which indeed the barley and
wheat harvest is but poor; the pulses also require the winter rains.
In February we have a short spring ; many trees wnfold their leaves,
and every bush furnishes its quota of flowery adornment. But this
spring is of short duration, and in March it is already warm on the
plains and the hot summer is at hand ; an oecasional dust-storm,
however, for a while keeps off the summer heat. A dust-storm is
indeed in itself unpleasant, the air being so charged with dust as to
bring about an Egyptian darkness, no matter what may be the hour

of the day.”

The above description gives a more vivid picture of the
chief features of the climate and will better serve to bring them
home to the mind of the English reader than any mere sum-

K
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mary of the statistical data.  Exeept, perhaps, that the
extreme temperatures are slightly overstated,' it represents
fairly enongh the experience of any resident of Delhi or one

of the large military cantonments along the northern border of

the provinee, where, during the two monthy, July and August,
the rainfall is such as the writer deseribes.  But in the
west and south rain is much more scanty and uneertain, and
although the air is sufliciently damp to be very oppressive
to the system and to render nugatory the usual artificial
appliances for cooling the atmosphere of louses, even the
temporary respite of heavy cooling rain is unfrequent
throughout the summer monsoon. At Mooltan it rains on
an average on but five days altogether in the two months,
at Dera Ishmail Khan on seven only, amd at Peshawar there
are but six rainy days at this season. In 1877 no rain
fell at Peshawar from the end of April till the end of Sep-
tember, and at Mooltan there were but four rainy days in
the six months from May to November, and thirteen only
in the whole yecar.

R

It now remains to notice more particularly the variations at some
of the chief stations in different parts of the province.  In its extreme
north-western corner, on a plain surrounded by mountains and watered
by the Cabul river above its junction with the Indus, is the important
frontier station Peshawar.  The military cantomnent of Nowshera is
near the eastern extremity of the same plain. This part of the pro-
vince enjoys nearly seven months of fairly cool pleasant weather, for it
is not until the latter part of April that it begins to be unpleasantly
warm in the daytime, and even in that month the average maximum
is only 85° in the shade, and the night minimum 60°. The most
clowdy and raiuy season here is not that of the stmwmer mousoon, but
from January to April.  The rainfall of the former averages only
about 4 inches, and, as in 1877, sometimes fails almost completely,
while that of the latter is almost double as great.  The winter is
cloudy and cold, the temperature not infrequently falling to the freez-
ing-point hefore sunrise ; while there is nothing to mitigate the ardour

1 This is probably due to no inaccuracy on the part of the writer. Before
1876 the instruments at the Government observatories were so exposed as to
register higher day and summer temperatures, and lower night and winter
temperatures than really represented those of the air.  See, ou this point, the
remark on page 15. In 1876 the system was altered, and the data yuoted in
the present work are taken from the subsequent registers.
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of the summer sun, and during the three months, June to August, the
average afternoon temperature is 100° and upwards. The highest
temperatares reached in June ure not less than in the more southerly
parts of the Punjab, averaging 115°, and having been as high as 119°
in the shade. Notwithstanding the proximity of the mountains, the
atmosphere of Peshawar is as dry as that of Mooltan, in July aud
Angust indeed drier, and, needless to remark, the power of the sun is
very great in these months,  The average rainfall is only 135 inches
n the year, and cultivation is therefore dependent on irrigation from
hill streams and the Cabul river ; from which latter source the city is
well supplied,

Of the same general character and only less extreme is the climate
of Rawalpindi, 90 wiles to the cast of Peshawar, on the plain above
the Salt Range, 1700 feet above the sea, and within a few miles of the
outermost hills of the Himalaya. The atmosphere of Rawalpindi is
less dry than that of Peshawar at all times of the year, and the rain-
fall between twice and three times as great; that of July and August
alone averaging more than 14 inches,  There is more rain also in the
winter and spring, and on rare occasions snow has been known to fall
and accumulate to a depth of 4 inches in and around the station.
This part of the Punjab, lying to the west of the Jhelum and north of
the Salt Range, is a small plateau, clevated in places as much as 2000
feet above the sea, and there is a marked difference in its climate and
vegetation as well as in the general aspect of the country, as compared
with the plains to the cast of that river.

. TAbout 110 miles to the south-east of Rawalpindi lies the important
military station Sialkot., It is built on high ground to the east of the
Chenaly, about 15 miles from the foot of the hills. On the mean of
the year this station is about 4° warmer than Rawalpindi, owing to
the higher temperature of the winter, spring, and autummn, for in the
monsoon months there is but little difference.  The monsoon rainfall
is about 6 inches lieavier, but that of the winter and spring months
about 2} ineches less, and also less frequent. Notwithstanding the
somewhat heavier rainfall, the number of rainy days is little wore than
two-thirds of that at Rawalpindi. This cantonment is one of the
healthiest in the Punjab.

Lahore, the capital of the province, lies 64 miles almost due south
of Sialkot, at a greater distance from the hills and in a dvier zone ;
indeed, on the border of the desert tract that occupies the .aigh
ground of the Bari Doab between the Ravi and the Sutlej. It is 2° or
3° warmer than Sialkot in almost every month of the year, a difference
partly due to its more southern position, partly to its drier atmosphere,
On the average of 10 years, the highest temperature registered in the
vear is 117° and this varies but a few degrees from year to year,
120°3° being the lighest yet recorded. In the winter, the shaded
thermometer but seldom sinks to the freczing-point, 34° being the
mean minimum of the year. The air is dry, the mean humid?ty of
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the year being only 50 per eent of saturation, and that of May, the
driest month, 33, Both the summer and autwmn rainfadl is less than
that of cither Sialkot or Rawalpindi, the annual fotal being 22
inches, and on an average it rains on hut 37 days in the year,  The
station is well planted with trees and gardens artilicially irvigated,
but a few miles to the south begins the desert tract ocenpied by
Capparis husl with an oceasional bubal tree (Aeacic Arabica), which
extends to Mooltan ; save where irrigited from the Bari Doab canal.
Such is the ease, for instance, in the Changa Manga forest, a tract of
32 sqware miles inextent, about midway hetween Labiore and Moolta,
where the annual raintall is under 16 inches.  In the conese of 20
years this forest, partly conxisting of sissoo (Dalbergia sisson), Tas at-
tained an average height of 40 feet or more, under the intluenee of a
good annnal watering from the canal,

90 miles to the evast of Lahore, and somewhat farther south, is
Ludhiana, 3 miles from the left bank of the Sutlej and 50 miles from
the foot of the Himalaya.  Although o much farther from the hills
than Sialkot, the climate is very similar, the temperature of the two
places scarcely differing more than a degree in any month, and the
mean temperature of the year being the same.  The winter s rather
drier and less cloudy, and in most months of the vear the min is
rather lighter ; in other respeets there is little difference,

Delhi, in the extreme south-cast of the Punjab, is not less than 130
miles distant from the Himalaya, but the elimate, although dry, is
much less so than at stations equally distant from the hills in the
more westerly parts of the province.  The winter ix less cool, and the
shaded thermometer, during the Jast 11 years; has never sunk to
within 4° of the freczing-point.  But the summer temperatures in May
and June are nearly as high as in the drier parts of the provinee, the
mean maximum of the year being 116°. In July and August, however,
the heat is less intense (though scarcely less oppressive), the average
afternoon maximum heing 4° lower than at Lalore in these mounthis,
The winter rains are less frequent and heavy than at stations nearer
the hills, while the summer rainfall is nearly the same ax at Ludhiana,
Althougl, therefore, the climate of Delhi is somewhat less extreme than
that of places farther to the north-west, it is of the same general type.

Returning now westwards to the drier parts of the Punjaly remote
from the hills, we first come to Sirsa, 150 miles west-north-west from
Delhi, and about the same distance south by east from Lahore, almost
midway between the Jumna and Sutlej, and on the border of the Bickanir
desert,  Although the mean temperature of this place is only 1°
lower than that of Delhi, yet the winter temperature is 37 lower, and
the average minimum of the year 6° lower, while, owing to the scanti-
ness and uncertainty of the monsoon rainfall, the day temperatures
of July and August are 5° higher than at Delhi. The diurnal
range of temperature throughout the year is also from 37 to 97 greater.
When at its greatest, in November and December, there is a mean
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difference of 36" and 34° between sunrise and the afternoon. The
Tumidity of the air is lower than at any station yet noticed, the annual
mean being only 47 per cent of saturation, that of April and Mayv 36
and 37, and that of July and August only 60. The winter as well as
the summer rains are infrequent and precarious, and the annual
average is Dbarely 15 inches, of which about half falls in July and
August.

The climate of Deran Ishmail Khan, in the extreme west of the
province, on the right bank of the Indus, is, in some respects, still
drier than that of Sirsa. Owing perhaps to the proximity of the
river and the irrigation derived from it, the air of the observatory is
slightly damper, but this difference is probably purely local. The
rainfall is little more than half as great, viz. little over 8 inches in
the year, of which no more than 3} inches fall in July and August,
The mean winter temperature is 3° or 4° lower, the average minimum of
the year being 31°, and in 1878 it fell to 26°.  On the other hand,
the intense, summer heat is more prolonged, the afternoon maximum
ranging above 100° from May to September, and having once reached
121°5% which is nearly as high a reading as any yet recorded by a
well-shaded verified thermometer in Indial

Lastly, Mooltan, 115 miles south of Dera Ishmail Khan, and a
little above the junction of the Sutlej and Indus, has a still lower and
much less frequent rainfall, Rain falls, on an average, on only 15
du:\fs in the year, a diffekence as compared with Dera Ishmail Khan,
principally due to the infrequency of winter and spring rain,  Both
I 1875 and 1883 it rained on only 9 days in the whole year, The
mean temperature of Mooltan is about 2° higher, but in the winter it
has fallen to the freezing-point in 4 out of the last 11 years, In the
early months of the year the rise is very rapid. Already in April
.the thermometer often rises to 100°, and in May the average maximum
is 104°  June is the hottest month, as in other parts of the Punjab,
but July is nearly as hot, and not till the end of October does the
afternoon temperature range below 90°. Mooltan and Sirsa may be
taken as representative of the climate of the Southern Punjab generally.
In dryness and rainlessness they are surpassed, and that but little,
only by Upper Sind.

Sind.—The great plain traversed by the Lower Indus
from the Punjab frontier to the sea, is at once the driest
and, as a whole, the hottest of all the provinces of India.
What the Nile is to Egypt that is the Indus to Sind.
Wherever the arid soil can be brought under the influence

1 It was exceeded in 1886 at Pachpadra in Rajputana, where 1231 was
registered on the 25th May, and at Jacobabad, where 1222 was recorded on
the same day.
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of its vivifying waters, there agriculture flourishes, and even
extensive forests of babil and tawmarisk afford ample sup-
plies of small timber, fuel and fodder.  But beyond such
limits all is a sandy or stony waste, thinly tenanted by a
leafless bush of  Cupparis aphylle and  the  gray-leaved
Prosopis spicigera, or, as in the Cutchee desert, a broad
plain of hard bare clay, void of vegetable life.  The aridity
which, in a high degree, characterises the whole provinee,
reaches its highest expression in Upper Sind, represented
in our registers by the climate of Jacobabad.  The atmo-
sphere of this place shows a lower degree of humidity and
1 lower rainfull than even Sirsa, Dera Ishmail Khan, and
Mooltan, and it is probable that even this would be found
surpassed by that of the Pat or Cutchee desert to the west,
since the country around Jacobabad, extending to about +
miles beyond it on the west, Is under ficld crops, and the
station is shaded by magnificent trees fed by irrigation and
subsoil infiltration from canals supplied by the river. As
in other dry regions the vicissitudes of temperature are very
great.  Notwithstanding its more southerly latitude, the
extreme winter cold is as great as at Mooltan aud Sirsa;
indeed rather greater ; and the extreme summer temperature
surpasses that of both.  Nevertheless, even Upper Sind is not
entirely uninfluenced by the dampness of the summer mon-
soon.  May is still the driest month of the year, and
although June is virtually rainless, the south and south-cast
winds that prevail from June to September, alternating with
oppressive calms, bring a slight increase of moisture, lower-
ing the temperature a few degrees in July and August.
Rain is, of course, very rare. Indeed, the only occasions on
which it falls are when, in the summer monsoon, a eyclonic
storm travels from the eastward, and reaches Sind hefore it
is broken up; or when, in the winter, a barometric depres-
sion forms in Sind or passes across it from Baluchistan. On
such occasions the rainfall is sometimes very heavy, and
owing to the stony impervious character of the soil, and the
rapid drainage of the hills on its western frontier, heavy
floods sometimes sweep over the low country, breaching the
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railway and causing serious damage.  The climate of Lower
Sind is slightly damper and less extreme, and the strong west-
south-west winds that blow steadily from April to September,
although they bring little or no rain, afford the means of
ventilating dwelling-houses, which, as may be seen in the
native city of Hyderabad, are surmouunted by permanent
wind-sails of masoury, to catch the current, and divert it
through the apartments below.

On the coast and for a long distance inland, this south-
west and west wind is remarkably strong and steady, blowing
throughout June, July, and August with an average rate of
from 20 to 25 miles an hour.  The same directions prevail,
more or less, through the greater part of the year.  On the
coast, north-east winds preponderate in December, but in no
other month; and even at Hyderabad, wherenorth winds prevail
from November to January and north-cast winds in February,
from the middle of March to the end of October the south-
west wind is steadily dominant. 1ts dryness shows, however,
that it i1s only in part a sea wind; it is doubtless fed to
some extent from the dry atmosphere of the Baluchistan
highlands, and indeed it is to this source that the climate
of Sind, and more particularly Upper Sind, owes its extreme
aridity.

As already pointed out, this characteristic feature is displayed in
the strongest degree by Jacobabad, which stands on the flat alluvial
plain to the west of the Indus, 40 miles from its bank, and 65 miles
from the Khirthar range of hills on the west, through which the Bolan
Pass leads up to the highlands of Baluchistan. The mean temperature
of Jacobabad is 2° higher than that of Mooltan, and that of the winter
months from 2° to 4° higher ; but this is due to the greater power of
the sun in the daytime, since the night temperatures are quite as low
on an average, and in extreme cases somewhat lower than at Mooltan.
Consequently, the daily range of the thermometer is greater, and aver-
ages between 30° and 347 in 7 months of the year. There is but
little cloud at any time of year ; more from February to April than
in any other month, but rin is very rare in the winter and spring,
and the small quantity that falls in July and August, averaging 3
inches, makes up two-thirds of the anmnual total. Even in these

months it rains on an average on only one day in ten, and this is very
uncertain and irregular.

The climate of Hyderabad is more moderate. The city stands on
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an elevated platform of rock, 3 niiles to the east of the Indus, com-
manding an extensive view over the alluvial flag of the viver, Tt is
thus well exposed to the south-west and west winds that sweep across
the river, and the air is somewhat less dry than that of Jacobabad in
every month exceept December. The rainfall of July and Augnst is
also double as great, but it amounts to ouly ¢ inches on an average,
and iy equally precavious.  In 1880, 1t rained ononly five days during
the whole vear at hoth these places. From September to the follow-
ing June, both inclusive, the rainfall is insignificant. The winter
temperatures are from 4° to 6” higher than at Jacobaliud, and the
summer temperatures 5°or 67 lower.  The difference of the summer
day temperatures alone is even greater, amounting to not less than 8°
in July and August.

Lastly, Kurrachee, within 3 miles of the sea, is a cooler station than
cither of the forepoing.  Owing to its more southerly position, as well
perhaps as its proximity to the sea, the winter mean temperature
is 2° or 3" higher than at Hyderabad, and the night temperature, even
in January, has never fallen to 41° in the last 11 vears,  In the
summer a maximum reading of 1176 has been registered, which is
nearly as high as the highest at Hyderabad, but this was quite exeep-
tional, and in most years, 102° to 106° is the highest reached ;5 tem-
peratures which arc about the same ax the highest of Caleutta.  The
mean afternoon maximum of the hottest months, May and June, is
only 93° those of Hyderabad being 106° and 103", and those of
Jacobabad 1087 and 111°.  The strong sea wind which, during the
greater part of the year, blows night and day at Kurrachee, much
mitigates the heat, and although somewhat relaxing, makes it far
superior as a place of residence to other stations in Sind,  This wind,
however, brings but little rain ; the annual average of the place, 7°8
inches, being slightly less than that of Hyderabad; and, as in other
parts of Sind, trees will not grow unless artificially watered,

Rajputana.— Both geographically and in  point of
climate Rajputana is transitional between the very dry,
almost rainless, valley of the Lower Indus and the plateau
of Central India, where agriculture can be carried on ex-
tensively and regularly, at least in the summer months,
without the aid of artificial irrigation. It consists of a con-
geries of native(and one small British)states, the more westerly
of which, Bickanir, Jeysulmere, and Jodhpur, are included in
what is known as the great Indian desert.  The rainfall of this
region varies fromonly 5 or 6 inches in the extreme west to
a little under 20 inches in the year along the Aravali hills,
and, being very precarious, is insufticient to ensure successful
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cultivation.  For water for domestic purposes and the
supply of their cattle, the population is in a great measure
dependent on deep wells,  In deseribing this region, Mr.
W. T. Blanford remarks' that “the name ‘ Great Desert’
usually conferred on it, conveys an imperfect idea, because
the tract of country is neither barren nor uninhabited. Tt
is covered with shrubs and bushes in general, and in places
small trees are found,  Moreover, though the population is
thin, villages are scattered throughout, and immense herds
of camels, cattle, sheep, and goats are kept and pastured.
The desert is, in fact, a great sandy tract entirely destitute
of streams of water and with but few hills of rock, and a
larce portion of its surface consists of sandhills of consider-
able height.  When rain falls, crops of bajri (Holcus spica)
are raised.  When rain fails, the population lives princi-
pally on the milk of cattle and on imported grain.” The
boundary Dbetween this and the ecastern states, Jeypore,
Udaipur, and a number of small states, is the Aravali range,
a series of rocky 1jdges rather than a continuous range,
which begins in the historic ridge of Delhi and runs to the
south-west past Jeypore and Ajmere to Mount Abu. The
country to the cast of this is the north-western portion
of the tableland extending between the Jumna and the
Nerbudda, the remainder of which will he noticed under the
heading of Central India. Everywhere to the east of the
Aravalis the rainfall is generally over 20 inches in the
year; in the extreme south, in the little state of Banswarra,
over 40 inches; and in the hills, wherever protected from
the jungle fires, so destructive of all arborial vegetation, exist
extensive tracts of forest, described by Sir D. Brandis as
consisting of such trees as Anogeissus pendula, Butea fron-
dosx, Bombax malabaricum, Acacia catechu, Acacia Sencgal,
Dendrocalamus — strictus and  Tecoma wndulata, with a
number of bushy shrubs, such as Grewia populifolia, two
species of Balsamodendron, Balawites Roxburghii, Salvadora
Persica, Cordia Rothii, Calotropis procera, and Leptonia
buwrvifolia.  Indeed, much of the preserved forest around
3 Journ. As. Soc. Bengal, Vol, xlv., 1876, Part ii. P. 89.
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Ajmere consists of bushes rather than trees.  As in the
Punjab, two series of crops are sown and reaped yearly ; the
suminer or rain crops, consisting, as also there, of millets,
cotton, and beans; the winter crops of wheat, harley, gram
(Clicer arictinum), vetehes, lentils, and peas.  In the Indore
State the opium poppy is also extensively grown.  All
through Rajputana the winter rainfall is lighter and less
regular than in the Punjab, and in general the crops of that
season require some artificial irrigation.

The division of the year into a hot scason, a rainy
scason, and a cold season, holds good in Rajputana as in the
Punjab; but the first and last are less strongly contrasted.
The extreme sumumer temperatures are indeed but little
below the highest registered in the Punjab, but the winter
cold is less; the latter scason is less cloudy and rainy, and
even on the high ground of Eastern Rajputana, in hut few
places does the shaded thermometer ever sink to the freezing-
point. In this part of the provinee, the rains, which set in
in the latter part of June, bring about a rapid and consi-
derable reduction of the heat, and the westerly wind that
blows through the summer months from the coasts of Sind
and Cuteh affords an atmosphere less intolerable to the
human system than the close, oppressive, and almost stagnant
air then prevailing in the Punjab,

The climate is illustrated in the Appendix by the meteoro-
logical statistics of four stations, viz. Bickanir, which repre-
sents the northern part of the desert tract; Jeypore and
Ajmere just to the east of the Aravalis, and Deesy, which,
though administratively in the Bombay Presidency, is close
to the southern border of Western Rajputana and, except
that the rainfall is rather higher, may be taken as repre-
sentative of that portion of the province. Neemuch also, in
Central India, has a climate very similar to that of Southern
Rajputana lying east of the Aravalis,

The climate of Bickanir is drier, and on the average of the year
apparently 4° warmer than that of Sirsa, and the rainfall is 2
inches less ; while the average number of rainy days is rather greater.
In the dry seasom, from October to May, the mean temperature in
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many months is as much as 6° higher, and the mean night temperature
from 7° to 11° higher. Such at least are the results shown by the
registers ; but the station is one of the least accessible in India, and it
is possible, though there are no independent grounds for such an assump-
tion, that the record may be affected by some undetected cause of
error.

Ajmere and Jeypore are respectively 6° and 3° cooler than
Bickauir, there being a mean difference of 3° between them, although
they are less than 90 miles apart, and their difference of elevation is
less than 200 feet. It is not clear to what circumstance this is due,
unless indeed to the proximity of the large Anasagar tank and also of
considerable hills, from which air cooled by radiation descends at night
on the station of Ajmere ; for it is noteworthy that the greatest differ-
ences between the two stations is in the night temperatures. The
difference of the rainfall is little more than 1 inch. The mean
humidity of the air is about the same at both ; but while Jeypore is
much the drier station in October and November, and still more so in
April and May, it is very much damper in July. During the height
of the monsoon, in July and August, it rains on about two days in
five, on an average, at Jeypore and Ajmere ; at Bickanir only on about
one day in four. In the south-cast, in Banswarra, the rainfall of this
season is hieavier and more frequent.

Except in the rains, the climate of Decsa is much drier than either
of the above stations, ad dry as that of Western Rajputana, the average
humidity of the year being only 46 per cent of saturation ; but the
monsoon rains are rather heavier than at either Jeypore or Ajmere.
The winter months are much less cool, owing partly to its lower
elevation, partly to its more southern latitude ; the mean temperature
of January being 67°, while it is only 58° at Ajmere and 61° at Jeypore.
The ditference of their summer temperatures is not more than 1° or 2
in any month.

The North-West Provinces and Oudh. The Gangetic
Plain.—These provinces include the whole of the alluvial
plain of the Ganges and Jumna, eastwards from the latter
river to the boundary of the Dengal Province of Behar.
Together with Lower Bengal and Behar, they constitute the
most fertile and highly-cultivated and also the most densely-
populated provinces of India. Traversed by the great
tributaries of the Ganges, two of which, the Gogra and the
Gandak, rival in magnitude the parent stream and, like it,
bring down the drainage of the Himalaya, depositing from
their waters the silt that constitutes the soil of these plains,
there would be no portion of them unfitted for agriculture,



140 CLIMATIES AND WEATHER OF INDIA

were it not that, in certain of the drier tracts, salts left by
the constant evaporation of the subsoil waters have accumu-
Tated to such an extent as to be destructive of all vegeta-
tion, save only a course grass and o few worthless plants
that thrive on saline soil.  This elass of soils, known by the
local names of reh and wsar, exists only where the ground
18 too high to he reached by the tlooded rivers, and where,
at the same time, the rainfall is too scanty to dissolve the
saline efilorescence and carry it away in the surface drainage.
With the exception of such tracts and the strip along the
foot of the Himalaya, where the more highly sloping
marginal zone consists of pebbles and coarse gravel with
a filling of sand and earth, the whole of the vast plain is
highly productive arable land.  The sub-montune zone.

known as the bhabar, is essentially a forest tract, the chief

hone of the sil tree (Shorce robusta) which furnishes one
of the most valuable timbers of Northern Inudia.

Although, in the opinion of Indian geolugists, there is no
reason to question that the whole of the Gangetie plain has
been formed by the rivers in past agzes with materials
washed down from the hills, very much of it is now far
above the reach of the highest floods, and in its turn is being
croded and its waste carried down to lower levels.  Such
portions of the plain are known as bhangar land, and exeept
where they can be irrigated from canals or local wells, are
suited only for dry crops. The lower grounds, termed
Khadar lands, which tflank the present rivers, lying in the
depressions cut by the latter in the more ancient bhangar,
are more or less subject to inundation, and are especially,
though by no means exclusively, the rice lands of the pro-
vince. As in the Punjab and Rajputana, so also in the
North-west Provinees, the summer or K7arif erops consist
of millets, rice, oil seeds, sugar cane, and cotton, the winter
or rabi crops of wheat, barley, pulse, gram, and, especially
in the eastern districts, of the opium poppy, which is largely
cultivated both here and in the adjacent province of Dehar.
Tobacco, safflower, mustard, and indigo, together with many
kinds of vegetables, among which cabbages and cauliflowers
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rival or surpass in size those ordinarily raised in their
European home, are also among the field or garden produce.
But in fact there is scarcely any agricultural product of the
summer of the temperate zone that cannot be raised on this
fertile plain, which, besides being in great part irrigable
from wells or from canals led off from the upper waters of
the great rivers, has for the most part and in most scasons
a rainfall varying from 30 to 50 inches. Only in parts of
the doad, the tongue of land that separates the Jumna from
the Ganges, and in a portion of Oudh to the north of the
latter river, does the average rainfall fall below 30 inches
in the year ; and it is in this portion of the province that
the rek soil mentioned above is chiefly found.

It is, however, o meteorological peculiarity of the North-
west Provinces, that, more than any other part of India, with
the sole exception of the arid tract farther west, it is
peculiarly subject to vicissitudes of the rainfall.  Not to
speak of the great famines of the last century, in 1804,
1834, 1838, 1861, 1868, and 1877, these provinces, or-
dinarily so fertile, have been repeatedly devastated by famine,
resulting from the failure of the seasonal rains; and what-
ever may have been the fate of other portions of the plain,
the Gangetic doab has invariably been involved in the
disaster in its most severe form. It was as a protection to
this precarious tract that, after the destructive famine of
1834, the Ganges canal, the greatest work of the kind in
India, and indeed in the world, was planned and executed
under the direction of Sir Proby Cantley. The trunk canal
commenced in 1848 was completed and opened in 1854 :
and although the districts which it supplies have since
suffered from seasons of drought, almost if not quite as
severe as that of 1834, in no year has the resulting suffer-
ing approached in intensity that of that memorable year.

The climate of the North-west Provinces differs from
that of the Punjab in many important particulars. The
cool season is less cold, less rainy and cloudy, and comes to
an end in March, when strong hot winds set in from the
west with great persistence, lasting well into May. These
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winds are diurnal, beginning 2 or 3 hours before noon,
Wowing throngh the heat of the day and lulling towards
the evening or after sundown,  They are intensely dry, a
huamidity as low as 6 per cent having sometimes been in-
dicated by the hygrometer ; but they are very healthy, and
indeed the season when they prevail s, to acelimatised
Kuropeans as well as to natives, the healthiest in the year.
The heat is greatest at the end of May or the beginning of
June; when, on certain days, the thermometer reaches as
high a point as at most of the Punjab stations.  As the hot
winds flag, the clouds gather more frequently, and oceasion-
ally the heat is temporarily relieved by an afternoon dust-
storm. Sometimes, and especially in the eastern distridts
and near the hills, the dust-storm terminates in rain ; and
in some scasouns, after a light casterly wind for o day or two
lins hield possession of the plain, one or two days of steady rain
follow. This is known as the chhoti barsit or “little rains.”
[t has, however, by no means the regularity frequently
attributed to it in the popular belief.

The rains set in some time in the latter half of June;
ravely carlier.  In some years they begin simultancously all
over the provinee; in others, first of all in the eastern dis-
tricts.  While they last, it rains more often than in the
Punjaly; but rain is by no means continunous for more than
a day or two at a time, and these rainy spells are separated
by intervals of finer but stenny and oppressive weather.
At Denares there are, on an average, 26 rainless days in the
two months July and August; and in the drier parts of the
province, as at Agra, rain falls on only about one day in
three. In most seasons there occur intervals of a week or
more during which rain is almost or quite suspended, such
interruptions being termed “Dreaks” in the rains, and in
certain years these breaks last for several weeks, and west-
erly winds set in, less hot and dry but more oppressive
than the hot winds of the spring. In 1877 such was the
case almost throughout the summer monsoon. Save, how-
ever, in such exceptional seasons of drought, the temperature
of July and August is several degrees lower than in the Punjab.
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The rains cease, as a rule, in September, earlier or later
in different years. Generally they last a week or more
longer in the eastern than in the western districts, A few
weeks of close and warmer weather follow, but under the
clear skies of the lengthening nights the temperature gradu-
ally falls; and if, as sometimes happens, a late and final
fall of rain comes at the end of the month or in October, its
cooling effect is rapid and permanent. Light airs begin to
move from the west and gradually strengthen till they
become the steady cool wind of the winter months. As
a rule, the weather remains fine and clear, with cloudless
skies, till near Christmas, when the heavens become covered
with a sheet of filmy cloud, and after some days of rather
close weather, and either a still atmosphere or light southerly
and easterly winds, the first rain of the cold weather falls,
followed by a great fall of temperature and a stronger and
cooler wind from the west. These falls may be repeated
once or twice or oftener in January and February, but they
are not lasting, and the rain is lighter than that of the
summer months.  As already mentioned, the rainfall of this
season is less frequent than in the Punjab, except on the
hills of Kumaon and Garhwal.

The meteorological statistics of seven stations are given in

the Appendix, illustrative of the climate of the North-west
Provinces and Oudh,

The first of these, Dehra, lies close to the foot of the Himalaya, in
the north-west corner of the province, or rather between the Himalaya
and a range of low lills, the Siwaliks, which run parallel to it at a
distance of 8 miles, constituting a sort of outwork to the main chain,
The intervening strip of plain, 2000 feet or more above the sea, is
known as the Dehra Din, and enjoys a more temperate climate than the
great plain to the south of the Siwaliks. Tea is grown here in tracts
cleared from the forest, and some Europeans have chosen it as a per-
manent place of residence. The annual rainfall is as much as 476
inches, two-thirds of which falls in the months of July and August,
The mean annual temperature is 71°, that of June 84°, and the
average afternoon temperature in May and June 93° and 94°, and at
the annual maximum 105° which is fully 10° lower than on most
parts of the western half of the Gangetic plain. From December to
February the mean of the day is from 55° to 57°.
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Roorkee lies 16 miles south of the Siwaliks, and nearly 909 feet
above the sca. It is the headquarters of the engineering stafl of the
Ganges canal.  The mean annual temperature ix 76°, and the average
rainfall 42 inches, which is higher than on the plains farther soutl,

Meerut is a large military and eivil station on the Gangetie doab,
40 miles north-east of Dellhi, and 75 wiles frome the hills; with a
rainfall of only 28 inches in the year, and a mean annual temperature
of 7675 and Agra, 160 miles farther south, on the high southern
bank of the Jumna, has again a slightly Tower rainfall; 26 inches, and
a mean temperature of 797, These two stations represent the elimate
of the drier western districts.

The next station, Lucknow, stands in the very heart of the Gan-
getic plain, about 100 miles frone the Hinalaya, and at an equal
distance from the high ground southt of the Jumna, It is an im-
portant military and civil station, and the former eapital of Oudh.
It is warmer than any of the foregoing, except Agra, the mean annual
temperature heing 787, but the rainfall 1= higher, viz. 37 inches,
Allahabad, the seat of the local government, is again farther east, at
the confluence of the Ganges and Jumna.  The European part of the
station is on high bhdnger land, and the clinate i but little affected
by the proximity of the two great rivers.  Fhe mean temperature is
the same as that of Lucknow, 78°% but the highest temperature reached
in the year appears to be a little higher, viz. 1167 In the winter it
never sinks to the freezing-point.  The average rainfall is hetween
37 and 38 inches, :

Finally, Benares, 75 miles farther cast, and not far from the castern
houndary of the provinee, also situated on the hauk of the Ganges, has
a very similar climate, and a slightly higher rainfall; viz. 396 inches.

The Central Indian Plateau.—The high ground that
extends to the south of the Jwmma and Ganges, almost from
the banks of these rivers to the valleys of the Nerbudda and
Sone, includes, besides the native states of the Central
Indian Agency, the districts of Jhansi and Lalitpur, under
the government of the North-west Provinces, and that part
of the Central Provinces formerly known as the Saugor and
Nerbudda territories. 1t forms a low tableland, sloping
from south to north, and terminating in the former direc-
tion, abruptly, within a few miles of the Nerbudde, in the
escarpment which, in modern maps, hears the name of the
Vindhyan range. The eastern half consists of sandstones
and other sedimentary rocks, the successive outcrops of
which form a series of parallel ranges running north-cast
and south-west; while the western portion is covered with
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a sheet of voleanie rock, the northern extension of the great
trap formation of the Deccan.  Between them, the northern
portion of the plateau, in Bandelkhand, consists of an ex-
tensive exposure of crystalline rocks. The highest part of
the plateau is the south-western, in Malwa, where it is more
than 2000 feet above the sea, and where the productive
Dlack 86il that covers the basaltic rocks yields rich crops of
wheat and the opium poppy. Of the drug manufactured
from this last, Malwa is one of the most productive pro-
vinces in India.

The climate of the Central Indian tableland is drier
than that of the Gangetic plain, and except from the begin-
ning of April to the setting in of the rainy season in June,
the more elevated tracts are comparatively cool. In these
months its surface is swept very persistently by dry hot
west winds ; but, so soon as the rains set in, the temperature
Is greatly reduced, and although the rainfall is moderate
(between 30 and 50 inches) the atmosphere is by no mcans
so still and oppressiwe as in most parts of the (iangetic
plain.  To acclimatised Kuropeans, such stations as Saugor,
Jubbulpore, and Indore are not unpleasant places of re-
sidence during the greater part of the year. The cool
season lasts about four months, from the beginning of Novem-
ber to the beginning of March. Less cold than in the
Punjab, it is also less damp and cloudy; and rain is in-
frequent, there being not more than one or two rainy days on
an average in the month. As a rule, bright, clear, pleasant
weather lasts uninterruptedly for weeks together at this
scason.  In these cool months, the eastern part of the
plateau, the tract between Jubbulpore and Benares, is cooler
than the central and western districts, owing, as it would
seem, to the greater prevalence of north-east winds. From
November to March the difference of temperature between
Jubbulpore, to the north of the Satpura range, and Nagpur,
to the south, amounts to as much as 6° or 7° the distance
between them being not more than 160 miles, and the
difference of elevation little more than 300 feet.

The meteorological statistics of six stations on the Central

L
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Indian platean are given in the Appendix, in illustration
of its climate, viz. Neemuch and Indore in the west, Jhansi
and Saugor in the central, and Sutna and Jubbulpore in the
eastern division of the area.  Politically, Neemuch, Indore,
and Sutna are in the native states of Gwalior, Indore, and
tewah, Jhansi in the North-west Provinees, and Saugor and
Jubbulpore in the northern districts of the Central P'rovinces.

Neemuch and Indore are respectively sitnated 1600 and 1800 feet
above the sea, and have mean annual temperatures of 757 and 74°%,
and an annual range of 73" and 68°. The temperature of the coolest
month is 62°, that of the warmest, May, 87° or 88°. In the winter,
the temperature rarely falls below 40°, and 108° aml 111° are
the average highest readings of the year. These are from 4 to 7°
lower than those reached at stations on the Gangetic plain, favther
north. In the rains, the mean morning temperatures range from 71
to 74 in different months, and those of the afternoon are 83" or 84°
at Indore, 85° to 87° at Neemuch. The average annual rainfall is 33
inches at Neemuch, 36 inches at Indore, and the number of riainy days
57 at the former and 76 at the latter station,

Jhansi, although more northerly than cither of the above, but at
a lower elevation (850 fuct), being surrounded by numerous rocky
hills which absorb the sun’s heat by day and radiate it at night, is a
much warmer station, especinlly in the hot season.  The mean tem-
perature of the year is 79° that of January 63°, and that of May, the
warmest month, 95°,  In June, the morning minimum averages 84°,
and the afternoon maximum 104°.  In May they are respectively 81°
and 107°.  The highest reading of the year averages 1157, the lowest
43° and the highest yet recorded is 117'9°.  The annual rainfall is
about 36 inches,

Saugor is a more elevated station, 1750 fect above the sea, but
in a slight depression, on the margin of a large artificial tank, which
probably aids in mitigating the temperature in the hot season. The
mean temperature of the year is 76 ; that of January 63°, and that
of May 89°; therefore 6° lower than that of the same month at
Jhansi. The morning minimum in June is 7° lower. The rainfall is
46 inches in the year and the average number of rainy days 70.
The mean humidity of the air is only 50 per cent of saturation, and
that of the driest months, April and May, only 28.

Sutna is a small station on the railway Detween Allahabad and
Jubbulpore, and except as the headqm\rtel:s of the Politieal Agency
of the eastern states of Central India, has little importance. It is
warmer than Saugor from May to October, being at a lower clevation
(1040 feet), but cooler in the winter and carly spring, owing to the
circumstances already noticed as affecting the eastern portion of the
plateau.
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Finally, Jubbulpore is an important station at the junction of the
East India and Great Peninsula railways, 1340 feet above the sea, and
with a considerable European population. Although there are some
low rocky hills round about it, it is open to the winds from all quarters,
and is comparatively a cool station. The mean temperature of the
year is 75°, that of December 617, and that of May 90°.  The highest
in the year varies between 106° and 113°; the lowest between 32°
and 38°. The rainfull is higher than at stations to the north and west,
viz, nearly 54 inches in the year ; and in July, the wettest month, it
raing on an average on 22 days. In the whole year there are 80
rainy days. Here, as in most parts of Central India, the rains last
from the. middle of June to the middle or latter part of September,
but there is little rain from November to May inclusive. In the
latter month and June an oceasional thunder-storm precedes the rains,
Jubbulpore has a damper atmosphere than any of the places previously
noticed, the mean humidity being 57 per cent of saturation. This
difference manifests itself at all times of year, but especially in the cool
season. It is not due to any peculiarity in the position of the observatory,
which stands on an open grassy plain, not in the neighbourhood of
any swamp or water expanse, and has been, ever since its establishment,
under the competent and careful superintendence of Dr. Rice, now
Deputy Surgeon-General of the North-west Provinces,

Behar and Chuti# Nagpur.—Behar includes that por-
tion of the Gangetic plain which lies between the North-west
Provinces and Bengal ; including a considerable alluvial
tract to the south of the river, which is crossed by its great
southern tributary, the Sone, and a tract of high land be-
tween this last and the northern half of the Gangetic delta.
Towards the south, this rises gradually to the Chutia Nagpur
plateau, which is virtually an extension of the belt of hilly
country that stretches across India south of the Sone and
Nerbudda, and is generally known as the Satpura range.
At Hazaribagh and Ranchi, the level of the plateau is about
2000 feet above the sea, and has a few hills of much
greater elevation, the most prominent of which is Parasnath
to the east of Hazaribagh.

Behar is a rich and densely-peopled province, highly
cultivated and enjoying a higher average rainfall than the
more westerly extension of the Gangetic plain, the part
already described under the North-west Provinces and Oudh.
In addition to the ordinary crops, such as wheat, rice, millet,
pulses, oil seeds, etc., it is the chief seat of the indigo cultiva-



148 CLIMATES AND WEATHER 0O INDIA

tion, and, in Bengal, of the opium poppy, from which the
drug is manufactured at the Government manufactory at
Patna.  Besides many smaller streams, it is traversed by
three great Himalayan tributaries of the Ganges, the Gandalk,
the Gogra, and the Kosi, and to the south of the main river
by its great Central Indian tributary the Sone; and in most
years the water supplies from these rivers and the rainfall
render Behar one of the richest agricultural provinces in
India.  But, like the North-west Provinees, it is subject to the
occasional failure of the rains, and in such scasons it has
frequently been the seat of disastrous dearth and famine;
the more disastrous, owing to the density of the population
which its very fertility has fostered.

The elimate of Behar is more akin to that of the North-west
Provinces than to that of Lower Bengal, but damper, especi-
ally in the eastern districts, and to a certain extent transi-
tional between the two.  The winter months are cool and
bracing, and the rainfall of this season is less than on the
plain farther west.  Hot west winds set in in March,
and last into April and sometimes into May; but in April
and May light damp easterly winds blow intermittently to
the north of the (ianges, more particularly in the neighbour-
hood of the hills; and thunder-storms accompanied with
heavy rain, and sometimes with hail, take the place of the
rainless or almost rainless dust-storms of the Upper Tro-
vineces at this scason. The rains set in in June, about the
same time as in Lower Bengal, and last to the end of Sep-
tember or the beginning of October, in which month the
rainfall of the province amounts, on an average, to hetween
2 and 3 inches, and to upwards of 4 inches in the most
casterly districts and in the neighbourhood of the northern
hills.

The Chutia Nagpur plateau bears much the same re-
lation to Northern Behar as does that of Central India to
the North-west Provinees and Qudl.  Less than half a century
ago it was a wild forest-clad tract thinly peopled by abo-

riginal tribes; but it includes all the valuable coalfields of

Bengal, and the opening up of these, together with the ex-

CLIMATES OF THE PLAINS 149
3

tension of the railway, and the spread of cultivation which
has followed in the track of the pioneer of commerce, has
now effected the denudation of all but the more remote and
hilly parts of the province, and all over the castern and
northern parts of the plateau, all large timber has long since
disappeared.  In many parts there remains little but an
occasional sacred grove of large troes, and patches of sil
coppice, intermingled with trees of less value as timber, but
some of which yield other valuable products, such as the
flowers of the Mahowa (Bassia latifolia), largely used by
the natives as food and for the distillation of a weak and
nauseous spirit ; also lac gum and dye, and the cocoons of
the tussch silk moth. The field produce of Chutia Nagpur
is similar to that of the highlands farther west, wheat being
largely grown in the cold season.

Chutia Nagpur has a more copious rainfall than most
parts of Central India; in general, but little short of 50 inches,
and in some places exceeding that amount. But it is swept
by dry west winds m the spring months, and hence the
attempts that have been made to cultivate the tea plant in
the neighbourhood of Hazaribagh have not been attended
with success.  The higher parts of the plateau enjoy a dry
and pleasant climate ; and, in the rainy season, Hazaribagh,
were it more accessible and provided with the requisite
accommodation, would afford a grateful place of temporary
refuge from the saturated and oppressive atmosphere of
Lower Bengal.

In the Appendix are given the statistics of temperature,
humidity and rainfall of two -stations in Northern Behar,
two in Southern Behar, and one in Chutia Nagpur, viz
Durbhanga and Purneah on the alluvial plain north of the
Ganges, Patna on the southern bank of the river, Gya on
somewhat higher and rocky ground between the Sone and
the uplands of Chutia Nagpur, and Hazaribagh on one of
the highest parts of the Chutia Nagpur platean.

In point of temperature, Durbhanga and Purneah are very similar.
They have a mean annual temperature of 77°; in January of 62°, and
from April to September a nearly uniform mean temperature between
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83” and 85°, but with a greater range in April and May than in the
subsequent months, At Purneah, but not at Durbhanga, April is on
the whole the warmest month, the heat of May being slightly mitigated
by the damp easterly winds that are felt intermittently several weeks
before the rains, and bring an occasional thunder-storm,  But the
highest afternoon temperatures are generally reached in May, during
intervals of fine weather.  The mean maximum of the year is 1057,
and no reading so high as 110° has been recorded at either station
during the last 9 or 10 years. The mean lowest of the year is
45" at Durbhanga and 407 at Purneah ; a difference probably depend-
ing on some local peculiarity of position, possibly on the fact that the
Durbhianga observatory is in the immediate neighbourhood of a large
tank, while that of Purneah is far from any water expanse, It may
be owing to the same fact that the diurnal range of temperature at the
Dwrbhanga observatory, at all times of the year, is several degrees less
than at Purneah. The mean annual humidity, however, is the same
at both places, viz. 71 per cent of saturation. The rainfall of
Purneah, owing to its more easterly position, ix one-fourth greater
than that of Durbhanga, the furmer being 645 inches, the latter 471,
As already remarked, the rainy scason begins earlier and ends some
weeks later than in the Upper Provinces, and the September rainfall
is but little if at all less than that of July and August. From the
middle of October to the end of May, at Durblianga, the averinye
monthly rainfall varies from 01 to 0°6 inch only ; but at Purncah the
full of April already exceeds 1 inch, and that of May averages bhetween
3 and 4 inches, being distributed over 6 rainy days. On the mean
of the year it rains on 66 days at Durbhanga, on 88 at Purncaly, and
in the wettest of the last 15 years there were 86 rainy days at the
former and 112 at the latter.  In respeet of rainfall, therefore, there
is a considerable difference between the eastern and western districts
of Behar,

Patna, which lies somewhat farther west than Durbhanga and more
to the south, has a drier climate than either of the above stations and
a greater diurnal range of temperature. The mean temperature of
the year is 78%; that of January 61°, and that of May 89°. In both
April and May the highest afternoon readings average 100° or more,
and the highest of the year has varied between 107° and 113° during
the last 11 years. In the coldest season it has not fallen below 36°.
The rainfall averages nearly 43 inches in the year, which is some-
what lower than that of the plain north of the Ganges. July is
the wettest month, and November and December the finest.  The Sep-
tember rainfall is under 8 inches, that of October between 2 and 3
inches. On an average it rains on 71 days iu the year.

Gya, owing perhaps to its position on high ground in the neigh-
bourhood of some rocky hills, is u very warm station. Its mean
annllal .tempemture is 797; that of January 64°, and that of May 92°
or 3° higher than that of Patna, only 60 miles farther north. The

A
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average afternoon temperature of this latter month is 104°%; and the
highest of the year has varied from 109° to 116°. The lowest read-
ing recorded has Deen but little under 40°. The average rainfall is
only 41 inches, and its distribution throughout the year is nearly the
same as at Patna, five-sixths of the whole falling between June and
September and between 2 and 3 inches in Octobe}r ; after which follow
two and a half months of almost raiuless weather. In January and
February the winter rains of Northern India contribute about 1}
inches, after which follow March and April with dry winds and a
smaller rainfall. In May the average fall is rather over 1 inch, in
June over 6 inches, and the heaviest (nearly 12 inches) is in July.
The average number of rainy days is 75 in the year.

Hazaribagh, at 2000 feet above the sea, is much cooler, the mean
temperature of the year being only 74°, or 5° lower than at Gya. In
December and January it is 61°, the mean of the minima 50° and 51°,
and the lowest reading in the year varies between 39° and 46°. The
mean temperature of May, the hottest montly, is only 85°, the same as
at Durbhanga, and the highest in the year varies from 102° to 109°,
During the spring months, hot west winds blow at Hazaribagh as they
do at stations at lower levels, but, so soon as the rains set in, the after-
noon temperature falls 13° or 14°, and from that time forth the mean
temperature of the day averages no more than 78°, while the move-
ment of the air across the platean renders the station cool and pleasant,
affording a great contras? to the comparatively stagnant and oppressive
atmosphere of the lower plains, and especially of Bengal. The rainfall
is moderate, amounting to about 13 inches in each of the months,
July and August, and about 8 inches in June and September. In
October the temperature falls to 74° and the morning minimum to
66°, and from this time to March the climate is very pleasant and
healthy.

Bengal and Orissa.—These provinces include the whole
of the alluvial plain that skirts the northern shore of the
Bay of Bengal, that of Bengal being the combined deltas of
the Ganges and Brahmaputra, together with the extension of
the plain up to the foot of the northern mountains and the
gates of Assam ; that of Orissa the deltas of the Mahanadi
and of a number of smaller rivers that drain the highlands
of Chutia Nagpur. Intersected by innumerable river chan-
nels and abounding in swamps, while open to the damp
winds from the bay, which begin to blow on the coast as
early as February and gradually penetrate farther inland
with the increasing heat, the climate of Bengal is as charac-
teristically damp and relaxing as that of North-Western
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India is the reverse.  The dry westerly winds that play so
great o part in the meteorology of the Upper Provinees are

felt only oceasionally and intermittently in the provinee of

Bengal, during the spring months and chiefly in the warmest
hours of the day, and even then with a reduced temperature
and of a less parching character, owing to the moisture
taken up from the surface over which they hlow,

The customary division of the year into three seasons,
the cool season, the hot season, and the rains, holds goud in
dengal as in the more westerly provinees, but the first is
shorter and less bracing, and the heat of the sceond, if
less intense, owing to the greater dampness of the air, is on
this account, perhaps, more trying to the Kuropean consti-
tution.  The rains are also longer and more copious,

At Caleutta, the cool weather scarcely sets in before the
second week of November, and lasts only to the middle or
latter part of February.  For ten or twelve weeks the weather
is delightful, pleasantly cool in the daytime, and in the
evening sufficiently cold to make a fire agrecable, though
perhaps hardly indispensable to comfort.  But the damp-
ness of the climate manifests itself at night in frequent fogs
on the river and the low grounds around ; and in the native
part of the town and the erowded suburbs, the smoke from
the huts condenses the moisture of the air and enshrouds the
habitations in a veil of fog that remains suspended in
the still atmosphere.  About the end of February the days
begin to be appreciably warmer, the sun’s power greater and
his glare more intense, and in March it is sufliciently warm
in the house to require that the punkah be set in moveuent
once more after its three months” holiday.  But the nights,
or at least the hours after midnight, are still comparatively
cool, and as the air is as yet not highly charged with
moisture, to an acelimatised Kuropean the heat is by mo
means oppressive.  During this month and April the rise
of temperature is very rapid, and by the end of the latter

month the afternoon readings of the thermometer are often
as high as any recorded during the year.

In December any rain is exceptional. In January and

CLIMATES OF THE PLAINS 153

February it occurs less regularly and frequently than in
Upper India, but there are generally two or three rainy
days in these months, preceded by some days of close clondy
weather with light southerly winds; and when the weather
clears a great fall of temperature follows and a renewal of
the cold season. In March and April rain becomes miore
frequent, but in the shape of the thunder squalls known as
nor’-westers which, as a rule, come on towards the evening,
and are often preceded by a dust-storm. Their general
character has been described in a previous part of this work.
For a graphic but perhaps somewhat exaggerated account of
one of these little storms the rcader may be referred to M.
tousselet’s well-known work on India, where, however, the
writer appears to be under the mistaken impression that he
had experienced a cyclone. These squalls are more frequent
in May, and sometimes usher in a day or two of continuous
rain ; but, more frequently, an hour or two expends their
force and they are followed by a refreshing night and a
somewhat cooler day? Now and then, at intervals of some
years, a cyclone may pass over Bengal in May or the early
part of June, but these more formidable visitors are perhaps
rather to be expected at the end than at the begiuning of
the monsoon, and happily, at any scason, are to be reckoned
as meteorological rarities in Bengal.

An advantage which Calcutta enjoys in the hot season,
and which is denied to places much farther inland, is the
southerly breeze which, at the close of a hot day, often
blows up from the wide estuary of the Hooghly, bringing
some hours of agrecable relief. It does not last beyond
midnight, but it mitigates the heat of the dinner hour, and
renders the southern verandahs of the large Chowringhee
houses pleasant places for the post-prandial lounge.

At length, in the early part of June, the clouds gather
more thickly, while the barometer falls to a lower point
than it has reached since the beginning of the year; and in
the first or second week, heavy and continuous rain ushers
in the monsoon. This first burst of the rains usually ac-
companies a cyclonic storm, formed cither at the head of
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the bay or over the delta itself.  As has been explained in
a previous part of this work, such storms are not attended
with very strong winds, at least on land, though the weather
may be stormy at sca; and the barometric depression at
their centre does not exceed two or three-tenths of an inch,
The first onset generally carries the rains to the greater
part of Bengal, and sometimes, but not always, to Dehar.
As a rule, the rainfall does not penetrate to the Upper
Provinces tll some days or even wecks later.  Its im-
mediate effect is a great fall of the day temperature; and
the comparative coolness, supervening on many weeks of
close oppressive weather, brings a sense of relief.  Bursts of
rain of a similar character, alternating with sporadic showers
and an occasional rainless interval, rarely lasting more than
a day or two, follow in succession through July and August,
The air is saturated with vapour; vegetation grows apace,
and indoors and out of doors every absorbent material recks
with moisture; but so long as the rainfall is abundant, and
the intervals of its suspension short.the climate, if not
exactly pleasant, is not very oppressive nor notably unhealthy.
When, Lhowever, in September, the rainless intervals become
longer, and the day temperature begins to rise, while the
air, still highly charged with moisture, is almost motionless,
the relaxed energy of the human system  fairly rebels
amainst this further trial of its endurance, and all who are
not compelled by their avocations to remain at their post
hasten to escape to the temporary retuge of a hill station.
September and October are thus the most trying and un-
healthy season of the year; and in Bengal it is not until
the end of October or the early part of November that an
appreciable fall of temperature brings relief,

Such, according to the authors experience of many
years, iIs the climate of Caleutta, and the description may
serve as fairly representative of that of the greater part of
jengal.  Farther north indeed, and on the higher ground
to the west of the delta, the hot season is somewhat drier
and its temperature rather higher; and in Eastern Bengal
the differences are of the opposite character. In Orissa the
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temperature is higher throughout the year, and in other
respects the climate differs in the same manner as in West-
ern Bengal.

The agriculture of Bengal is determined by the watery
character of its surface. Rice, which in the Upper Iro-
vinces is of subordinate importance and an article of luxury,
in Bengal is the universal erop and the food of the people,
aud two sowings are reaped during the year, viz. the Aus crop,
sown in the early spring and harvested in July and August,
and the Amun crop, which is sown in April, transplanted in
August, and reaped in the cold season. Oil seeds and dal
are also largely grown, and in Northern Bengal tobacco and
jute-fibre are important crops, widely cultivated for export.
Among the minor but still important articles of produce
may be mentioned sugar-cane, betel pepper, and locally, the
mulberry for the culture of silkworms, hemp, and cocoa-
nuts, which last never grow at any great distance from the
sea. The only important forests on the plains of Bengal
are those of the Swnderbuns, the marshy islands along the
seaward face of the delta, of which the most important tree
1s the Sandri, producing a tough wood, much used in
arriage and cart building.

In the Appendix are given the tabular statistics of Burd-
wan and Berhampore, representing the western margin of the
alluvial tract, the former being the more southerly. These
lic in the drier portion of the province; Calcutta and
Jessore, which are more central; and Dacca and Chittagong
in the eastern and damper districts. Northern Bengal is
not represented by any station, but its climate may be re-
garded as intermediate between that of Purneah in Behar
and that of Dhubri, near the entrance of Assam. The
province of Orissa is illustrated by Cuttack.

The mean temperature of Bengal is nearly uniform between 77°
and 78°; that of January 65° or 66°, Chittagong being a degree
warmer, April and May are about equally hot, viz. 85° or 86 in the
western and drier districts, and between 81° and 83° at Dacca and
Chittagong. In the former, the mean temperature falls 1° or 2° on
the advent of the rainy season ; at the latter it remains nearly uni-

form from April to the end of September, the night temperature rising
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in the same measure as the day temperature falls, until the daily
range is reduced by one-half, more or less 5 and not until the miditle or
latter part of October does a general fall set in with the light northerly
winds that succeed the rains. The highest temperature of the year
oceurs in- April, or, more frequently, in May ; and varies between
106" and 111° at Burdwan, 105" and 113° at Berhampore, 977 and
106° at Caleutta, 99° and 108" at Jessore, 94° and 1067 at Dacea,
and 91" and 99° at Chittagong.  In the cool season the Jowest tem-
perature occurs as a rule in January, sometimes in Felwuary, and
varies between 44° and 517 at Burdwan and  Berhampore, 45" and
527 at Caleutta, Dacea, and Chittagong, and 39° and 48° at Jessore,
The diurnal range of temperature in the drier scasons of the year is
less in Bengal than in the Upper Provinces, not exceeding 22° in any
month at Caleutta, 23° at Chittagong, aud 25° or 26° at the other
stations, except Berhampore, where, in March, it averages 28°.

The humidity of the air averages 69 per cent of saturation at the
driest and most westerly station, Burdwan ; 74 at Berhampore, 70 at
Jessore, 77 at Dacea, 78 at Caleutta, and 80 at Chittagong ; and in
the driest month, either February or Mareh, is as high as 55 at Burd-
wan, 57 at Berhampore, 62 at Jessore, 65 at Dacen, G9 at (alcutta,
and 70 at Chittagong.  Caleutta, owing probably to the low level of
the site, and the proximity of a large sheet of water, the Salt Lake,
which skirts its castern suburbs, is therefore damper than most other
stations in the western and central part of thé delta, but the danmpest
climate is that of Chittagong. At the height of the rains the humidity
of the air averages 87 per cent and upwards at all stations except
Burdwan ; at Calcutta as much as 89 in August.

The rainfall has a similar distribution, being heavier in the eastern
districts and the marginal portion of the delta, and heaviest at Chitta-
gony,  The extremes are Berhampore and Burdwan with 55 and 58
inches respectively, and Chittagong with 106 inches.  Caleutta has an
annual rainfull of 654 inches, Jessore of 68 inches, and Dacea of 74
inches. In the wettest year on record (1871) the rainfall of Caleutta
amounted to over 93 inches, and in the driest (1837) to only 431
inches. The number of rainy days is less variable than the amount
of the fall in different parts of the province. It amounts on an aver-
age to 91 at Berhampore, 105 at Burdwan, 110 at Dacca, 118 at
Caleutta, 121 at Jessore, and 122 at Chittagony,

The mean temperature of Cuttack is 81°, 3° or 4° warmer than
Bengal ; that of May, here the warmest month, 89° ; and the highest
temperature of the year has varied during the last 10 years bhetween
106° and 118°. Owing to the lightness of the spring rainfall, and the
prevalence of dry westerly winds, the hot scason is here, therefore, for
the time, as intense as in the Upper Provinces. December is the
coolest month, and the lowest winter temperatures have never fallen
Lelow 49°. The mean humidity of the vear is about the same as at
Burdwan, but in the driest month does not average below 62, and in
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the dampest docs not exceed 82. It is therefore more uniform at
different seasons than in the province of Bengal.  This peculiarity
is probably local, owing to the position of t})e stu.t.ion, at a low level,
between two rivers. The mean annual rainfall is 573 inches, dis-
tributed over 106 rainy days. The rains are rather more prolonged
in Orissa than in most parts of Bengal, as this provinee receives more
of the October rainfall, when the winds become easterly in the north
of the bay and the season of heavy rain is sctting in on the Madras
coast. On the other hand, the rainfall of the spring season is lighter
than in Bengal.

Assam and Cachar.—This province, which, including
Sylliet, lies to the cast of Bengal, and to the north of Bur-
mah, Manipur, and Tipperah, consists of two alluvial plains,
that of the Brahmaputra and its affluents, and that of the
Bardk ; together with the intervening hills, different sections
of which, named from the several indigenous tribes that
occupy them, are distinguished on our maps as the Garo,
Khasi, and Naga hills. The valley of the Brahmaputra,
which constituted the former kingdom of Assam, is long
and narrow, and is nearly divided into two parts, Upper
and Lower Assam, by the Mekhir hills, an isolated and in-
dependent group which stands out midway in the valley
between the Naga hills and the Himalaya. The valley of
the Bardk, forming the province of Cachar and the plain
of Sylhet, which opens out to the west of the former
and is traversed by its two branches, the Soorma and Kus-
hiyari, is much shorter, and occupies the interval between
the Khasi hills on the north and the low hills of Tipperah
and the Looshaic country on the south.

The plain of Sylhet has long been cleared and cultivated.
Many parts of it are low, and in the rainy season are flooded
to a considerable depth by the torrential drainage from the
hills around. Nevertheless large tracts are cultivated with
rice, and the long low hill spurs that run out from the
southern hills, the low hillocks that dot the plain along the
bases of these and the northern hills, and the higher parts
of the plain itself, together with similar tracts in Cachar, are
occupied by tea gardens, established for the most part on
clearings made in the forest during the last 40 years.
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In the Assam valley tea cultivation is still more extensive,
but the cleared arca is far exceeded by that of the virgin
forest.  Writing in 1872, Mr. Peal deseribes the aspect of
the valley, as seen from the slopes of the Naga hills, as
“literally & sca of jungle forest, an enormous dead level
The smallness of the area under cultivation surprised us
more than anything; it did not look 1 per cente The
Potars T could easily recognise; yet they were but little
green streaks, hardly noticed in the general view.  The
amount of waste land is cnormous.””!  And Col. Godwin
Austen, deseribing the valley of the Dunsirl in the following
year, says, “ At 5 wiles from Golaghat the forest is entered,
and this 1s continuous to the foot of the hills for a distance
of 44 miles”?  Around the rivers which intersect the plain,
tracts that are too swampy for forest are covered with tall
grass. In these, rice cultivation is gradually extending, hut
the native population is at present too sparse to deal with
more than some small portions of the available area, and
thus the greater part of Assam is still in the condition of
forest and swamp.

As the principal seat of tea cultivation in India, and the
country in which the tea plant is indigenous, still growing
wild on the hills around, the climate of Assam is one of
peculiar interest.  1ts most characteristic feature is its
dampness at all seasons, in conjunction with the moderately
high and comparatively equable temperature, due to the
sub-tropical position of the province and to its being pro-
tected from all desiceating winds by the hills which enclose
and seclude it.  In the cool season thick fogs cover the low
grounds, often remaining undissipated till the sun las
attained its noonday power. In the spring, with the in-
creasing warmth, thick clouds gather daily over the valleys,
and frequent showers and thunder-storms drench the dense
foliage of the evergreen forest while moderating the heat ;
so that, instead of a hot season preceding the rains, such
as we have seen to be an universal characteristic of India

1 Journ. As. Soc. Bengal, Vol. xli. Part i. p. 10.
* Report on Survey Operations in the Naga hills and Manipur, 1872-73.
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proper, the temperature rises gradually aund uniformly as
the sun becomes higher and the days longer, and reaches its
highest point in July, in the middle of the rainy season.
At this season, the rainfall of the Assam valley is not more
copious than in Bengal, though torrential on the southern
face of the Garo and Khasi hills.  But while it begins much
carlier it lasts till October; and up to the end of that month,
and even in November an occasional day’s rain continues to
stimulate vegetative growth.  December is the only month
in which the average rainfall is below 1 inch, and it is not
till the Leginning of December that the plucking of the tea
bushes comes to an end for the season, and that the plant
after pruning is allowed to rest till the showers of February
and March bring out the first flushes, and afford materials
for the manufacture of the following season.

A climate so uniformly moist in a country of such a
character can hardly be described as eminently favourable
to health and comfort. But it has been proved by half a
century of expericnes, that when the jungle has been cleared
and due regard is had to efficient drainage and the selection
of the dwelling site, Europeans of good constitution who
observe the precautions indispensable in all tropical climates
and lead an active life, may preserve their health in Assam
as well as in other parts of India. The cool season, if less
bracing than in the Punjab and the drier provinces of
Northern India, is still such as an Englishman may enjoy,
and if from May to October he has to endure the oppressive
heat of a vapour-laden atmosphere, it is questionable
whether even this is more trying than the torrid fervour of
an Indian hot season with some months of damp heat to
follow. And to those whose natural taste and training
enable them to appreciate the beauties of nature and to feel
an interest in her works, Assam presents many attractions.
No province in India affords a more exquisite presentment
of nature in her native glory of hill, river, and forest. To
the sportsman, indeed, the very impenetrability of the forests
18 an obstacle which may deter any but the most persever-
ing from penetrating to the yet unvisited haunts of the
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rhinoceros and the wild buffalo.  But to the naturalist the
field is one of extraordinary richness.  ‘The provinee stands
on the horderland of the Indian, Malay, and Indo-Chinese
regions, and is tenanted by numerous forms of animal and
vegetable life unknown in India.  In deseribing the hills that
border the north-cast fronticr, Col. Godwin Austen writes: '—

“We have a mingling in this direetion of the Indian with the
Indo-Chinese forms,  Many birds, extremely rare in collections, and
only represented by a few solitary examples, deseribed by Hodgson amd
Blyth from Nepal, ete.,, were obtained here again, and @ Targe number
have yeb to be identified or compared with specimens from other dis-
tant quarters.  Some 280 speeies were collected,  Other families of
natural Listory are equally rich, none more so than the inseets, and
interesting forms of Tand mollusen are numerows, The gmreat forest of
the Dunsiri swarms with insect life, the Lepidoptera couspicnous by
their numbers and coloration.  Leaving this and ascending the spurs
of the Burrail, with the changing fora new forms are constantly
appearing, and I could peint to few areas where a naturalist ean find
more rare objeets for his search than on the slopes of this range”

The botany of the provinee is equally rich and varied.

¢«The mountains display a rich vegetation of the most tropical forms
which India produces.  Awonacee are numerous, several species of
Myristicee oceur, and the India-rubber fig forms large forests in some
places. Calami and Plectocomia abound in the dense jungles, as well
as other rare and interesting palms belonging to the genera Livistonin,
Licuaday, Arengay Areca, Widlichia, cte. Oaks and chestnuts are also
characteristic types, as are Guttiferee, Ternstraemiceew, Maynoliveee,
Swurauju, and tree ferns” 2

Besides tea, which is the chief agrienltural product of
Assam, rice is largely grown, but, as regards the Assam
valley, insuflicient even for local consumption.  From Sylhet,
however, there is a considerable export, and among minor

’ o
articles of produce the supari or betel nut, oranges, and
India-rubber, the latter collected in the forests by the hill
tribes around.

Of the observatories now or formerly existing in the
provinee, the climatological data afforded by those of four
stations are given in the Appendix.  One of these, Shillong,

! Report on Survey Operations in the Naga hills and Manipur, 1872-73.

? Hooker and Thomson, Intreductory Essay to the Flora of India.
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on the Khasi hills, has already been noticed among the hill
stations of India. The others are, Sibsagar in Upper
Assam, Dhubri on the confines of Bengal opposite the en-
trance of the Assan valley, and Silchar, the chief town of
Cachar.

The mean temperature of Sibsagar is 73°, the same as that of
Sialkot and Ludhiana in the Punjab : but while that of the coolest
montl, January, is 59°, or 7° higher, that of the warmest month, here
July, is 84° or 7° lower than the June temperature of the latter
stations. A still greater difference is shown by the extreme tempera-
tures of the year. At Sibsagar the thermometer very rarely reaches
100° ; this has occurred in only 2 years out of 10 ; and the highest
reading yet recorded is 102°, while the lowest vary between 40° and 46°,
The highest averages 17° or 18° lower, and the lowest 7° or 8° higher
than the corresponding extremes at the Punjab stations, In like man-
ner the daily range of temperature is much less, in April little more than
half that of Ludhiana.  All these differences are due to the damypness of
the climate. This is very high. It averages 83 per cent of saturation,
and only in one month of the year is it below 80. In the cold season
the air is relatively damper than in most months of the rains, and
henee the frequency of fog. Cloud is common at all seasons. The
rainfall of Sibsagar averhges 93 inches. It is least in December,
but even then, on an average, it raius one day in ten; and in all
other months, except November, niore frequently. Even in March
there are 14 rainy days, and on the average of the whole year 164
In 1874, a very wet year, it rained on 195 days. The rainfall of
the valley above Sibsagar is still higher.

Dhubri, which may be taken as in some measure representative of
the climate of Lower Assam, aud also of that of North-eastern Bengal,
has a higher mean temperature than Sibsagar, viz. 75°, and even a
smaller annual and diurnal range of variation, except from February
to April.  January is 4° warmer, while July, which here as in Upper
Assam is the warmest month, is 4° cooler. There are as yet only 4
years’ registers for this station, and the highest and lowest temperatures
yet recorded, both in the same year, are 101° and 45° respectively.
In the dricst months there is a mean diflerence of 22° between the
morning minimum and the afternoon maximum in the shade, but in
the 4 months of the rains only 8° or 9°. The mean humidity is not
so high as in Upper Assam, being only 78 ; but while it is much lower
in the cold season, it is rather higher in the rains. The rainfall is
about the same, viz. 94 inches, but there is very little from the end of
October to the end of February, less in March and April than at Sib-
sagar, and much more in May and June. With an equal total annual
fall, the rainy days are only two-thirds as numerous as at Sibsagar.

The greater part of Lower Assam being under the lee of the Garo

M
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and Khasi hills, has a lower rainfall than cither Dhubri or Sibsagar,
Thus Gauhati has bt 69 inches, Nowgang 791, and Tezpur 76 mmches;
but it is no doubt higher along the northern ]n:n-gin of the valley, at
the foot of the Himalwa There are numerons tea gardens in Lower
as well as in Upper Assam, even where the rainfall is least, bt they
are less productive.

Silehar is in the narrower part of the Barak valley, on an alluvial
plain, but little above the tlood level of the river. Ridyes of Tow
forest-clad hill« run southwards from the river bank at intervals of 6
or 8 miles, anl these intervals are ocenpied by plaing, a yoreat part of
which are under water in the rains, and form swamps in the drey
ceason. 20 or 30 miles to the south, these ridges yun up into
the hill conntry of South Cachar and the Looshaie hills; and 10
miles to the north of the river are the Naga hills.  About 20 miles
farther east, the valley is nearly closed hy the Burrail range, which
rises 10 HO0O feet, and other higher ranges intervene between it and
Manipur.

Thus situated, Silehar has a climate somewhat warner than that of
Upper Assam, in virtue of its lower latitwde, but qguite as miny.
Indeed the rainfall is heavier than that of Sibsagar, viz, 120 inches,
and it rains nearly as often.  But in the cool months fogs are less
frequent.  The mean temperature is 7675 that of January 647, and
that of the three months, June to August, 827, A temperatune ex-
ceeding 100° has been registered but onee in the last 11 years; but
the averuge maximum of the year, which is remarkably wnitorm, is
99°, and the winimum 457 In point of humidity the atmosphere
rather resembles that of Dhubri than that of Upper Assam; but
Silchar is much dwmper from February to April.

Central Provinces (Nagpur) and Berar.—These pro-
vinces lie entirely south of the Tropic of Cancer, and oceupy
the northern central portion of the Indian peninsula.  To
the south of the Sone and Nerbudda valleys a tract of hill
country, in places 100 miles in breadth, known in ancient
annals as the Vindhya, and on modern maps bearing the
name of the Satpura range, stretches across the peninsula
from the high platean of Amarkantak to the fortress of
Asirgarh, beyond which, after a short interruption, it is
continued in the Rajpipla hills to the Gulf of Cambay. 1t
separates the drainage of the Ganges and Nerbudda from
that of the Tapti, the Godavery and Mahanadi, and extra-
tropical from inter-tropical India. ¥rom a geological point
of view, it is not a definite mountain range, presenting no
uniformity of structure or rock character, but is rather a

CLIMATES OF THE PLAINS 163

- —_ e —

belt of broken highland, a series of tablelands varying from
2000 to 4000 feet in elevation, which have remained while
the country to the north and south has been worn down to
lower levels by long ages of denudation.  To the south of
this hill-belt, the former kingdom of Nagpur, now included
in the Central Provinees, and the province of Berar, for-
merly a portion of Hyderabad, consist of three great stretches
of plain, in great part cultivated and, at the foot of the
Satpuras, clevated more than 1000 feet above the sea, to-
eether with several ranges of hills which divide and sur-
round them; some bare and rocky, but more generally
covered with forest, or with the scrub jungle that remains
from the destruction of the former forest.

The three plains are thut of Berar, drained by the
Poorna, a tributary of the Tapti; that of Nagpur, traversed
by the Waingunga, a tributary of the Pranhita and Godavery;
and that of Raipur or Chhatisgarh, on the upper course of
the Mahanadi.  The black soil which covers these plains is
very fertile, and yields abundant crops of cotton and wheat,
which grain is here at its southernmost limit as a staple
crop.  Other produce is of the same kinds as are raised
generally in Northern India. DBut there remain large
stretches of culturable land, now or formerly covered with
forest, which, in due course of time, with the increase of
pop}llutiun, will doubtless be brought under the plough.
Besides these, however, the provinees include hilly tracts of
enormous extent, formerly bearing forests of valuable timber,
which liave Deen terribly devastated and, for-the time being,
rfzndered of little value, by the wasteful temporary cultiva-
t101} of the nomad hill tribes, and by the destructive fires
which the villagers annually kindle to burn off the coarse
grass, and provide a young growth for pasturage. Some
t‘hrce-fourths of the Central Provinces are thus bnomin&lly
forest; and of this an area of 20,000 square miles is the
pr.operty of Government. At present not more than 3500
miles are rigorously preserved, but this area may and
doubtless will be largely extended; and it may be expected
that, in the course of some years, the forests of the Central
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Provinees will become one of the most valuable and pro-
ductive sources of teak and sal timber in the peninsula.
Other valuable timber trees are the Sy (Terminalia tonen-
tost), Bijesdl (Pterocarpus marsupium), Shishun or Sissoo
(Dedbergia latifolin), Kiwa (Llentaptera arjuna), and Anjun
(Zleerdwiclia binata).

In describing the climate of Nagpur, Mr. (now Sir
Charles) Grant says :—

“The mean temperature is higher than in many parts of Tudis, at
the same height above the sea-levell But the absence of the really
bracing air in the cold season of Upper India i in some measure coni-
pensated for by the fresh cool weather during the greater part of the
monsoon ; and by tolerably cool nights in the summer monthe,

“Ag in other parts of Indin, there are three seasong, the hot, the
colil, and the rainy. The positively hot weather ordinarily commences
about the first of April and lasts till the first week in June.  The
monsoon lasts throughout June, July, and August. At this season
the climate, though full of moisture, is fresh and pleasant to the
feclings.  In September there are long breaks between cach fall of
rain, when the weather is often close and sultry, thongh never so
much s0 as in the plains of the north of Tndia at this time.  October
is generally sultry and unpleasant, but diversified oceasionally by
refreshing showers.  The cold weather does not fairly set in till the
middle of November. From the 15th of November to the end of
February the air is generally cool and pleasant,  Often, however,
with the appearance of clouds, the thermometer rises as much as 7° or
8°, and the climate becomes disagrecable and close.  From the 15th
of February the weather gets warmer, and the hot winds blow from
the beginning of April till the monsoon.  Rain falls during every
month in the year, usually during the hot and cold scason only in
showers, but sometimes accompanied with violent storms. Hail falls
occasionally in January, February, and the carly part of Mareh, some-
times in very large stones, doing much damage to the spring crops.

“The climate during the rains is considered by the poorer inhabit-
ants, who are exposed to it, as more trying than the cold of the real
cold weather. In July and August it is not unusual to see people
sitting round a fire in the very early morning, before going out for
their day’s labour, The climate is certainly not unhealthy, . . . Fever
is the most frequent amonyg the epidemic diseases.  The most un-
healthy season is from the second week in September to the second
week in December. The jungle tracts are certainly not free from
malaria until the cold weather has well set in.”

This description applies to the plain. On the Satpuras
it is much cooler. Thus, of Betul, Mr. Cirant writes :—
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“T1t is almost out of the reach of hot winds, and would no doubt
le an agreeable residence in the hot season. The climate’ of Betul
wenerally, at least to Europeans, is fairly salubrious ; its height above
the plains (2000 feet) and the neighbourhood of extensive forests
moderate the heat of the sun and render the temperature pleasant
throughout the greater part of the year. During the cold season the
thermometer at night continually falls to several degrees below the
freezing-point.  Little or no hot wind is felt before the end of April,
and even then it ceases after sunset.  The nights in the hot season are
invariably cool and pleasant. During the monsoon the climate is
very damp, aud at times cven cold and raw, thick clouds and mists
enveloping the sky for many days together.”

A similar account is given of the climate of Chhindwara;
g

that of Pachmarhi, at 3500 feet, has already been noticed
among the hill stations; and that of Seoni may be gathered
from the statistics given in the Appendix.

In the Appendix are given the tabulated data of four
stations; three of which, Akola, Nagpur, and Raipur, re-
present the three southern plains; and the fourth, Seoni,
the Satpura tableland.

)

Beginning with the most easterly, Raipur, which is situated on the
undulating plain of Chhatisgarh, at an elevation of 960 feet above the
set.  The wean temperature is 78°, the same as that of Caleutta
and Burdwan in Bengal, fully 2° farther north, and 3° cooler
than Cuttack in nearly the same latitude. The earlier months of
the year have a higher temperature than at some of the Bengal
stations, but this ix compensated by the greater coolness of the rains
and later months,  December is the coolest month, with & mean tem-
perature of 66° and a mean minimum night temperature of 54°.  The
lowest reading of the year has varied between 41° and 51° in the last
10 years. May is the hottest month, with a mean temperature of 92°,
and of 105° in the afternoon, the absolute highest in the year being
between 108° and 116°. In the rains the mean temperature fulls
lelow 80°, and that of the afternoon to 87°, and the temporary rise on
the cessation of the rainsis only 1°. The diurnal range amounts to 25°
or upwards from January to May, decreases to 12° in the rains, and
then increases again gradually till the end of the year. The atmo-
sphere is moderately dry, the mean humidity being 59 per cent.
April and May are the driest months, when the hot winds blow and
the mean humidity sinks to 36 per cent, and much lower in the day-
time. The rainfall is nearly 52 inches, but of this but little falls
from the end of October to the end of May, the cool months, Decem-

1 This must refer to an exposed, hardly to a well-shaded, thermometer.
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ber to February, heing especially rainless. The average number of

rainy days in the year is 76, of which 61 ocewr in the four moenths,
June to Septewnber,

Nagpur, althongh bat Tittle farther south amd at 5 somew hat
higher elevation (1025 feet), ix rather warmer, the mean temperature
of the yeur being 797 From Novenber to May it s 17 or 27
warnier, a difference due solely to the bigher temperature of the
daytime, sinee the worning minima e as low or lower than those of
Raipur.  The extreme readings of the vear have varied hetween 112
and 118”7 for the maximum, and between 43 and 517 Tor the mini-
mum. The elimate is dvier than that of Raipur, the mean Jnidity
being 53 per eent of saturation, and that of Apeil and May but 28
and 30 per eent, The mintadl also is lower, viz 15 inehes, and its
distribution in the different scasons is similar. But it would seem to
rain rather oftener, as the registers show an average of 81 vainy days
in the year.

Akola, the westernmost station, situated on the plain of Bepar, is
again drier. Its wean temperature is 7875 that of Junmary 657 ol
that of May 93, [ all months the mean temperature ditfers bat
little from that of Nagpur, but the winter minitna are 27 or 3 Jower
and the annual minimmn some 5 lower. The ean humidity is but
50 per centy and that ol April, the driest month, 22 per u-nll; while
that of the rainy season does not average more than 74 or 75 per cent,
The rainfall is much less than at the more casterly stations, not ex-
ceeding 30 inches, and the mumber of rainy davs is 66, of which 9
ouly oceur in the seven months November to May,

Sconi, on the tableland, almost due worth of Nagpur, and 2030 feet
above the sea, Tas o men temperature 5 lower, viz, T4 5 a0 ddither
ence which holds cood all through the diy seson pretty equably, bt
is reduced to 3”7 in the mins.  The aftvrnoon temperature of May
averages 1037, the morning minimum in Decetber 50 ;5 and while {he
highest readings of the year have varied between 1057 and 111 the
lowest have ranged between 367 and 47, The average humidity is
rather higher than that of Nagpur, exeept in the last three months of
the year ; and the rainfall is rather greater, viz 51 inches, distributed
over 98 rainy days, of which, on an average, 12 ocenr in the six
wonths, Novewber to April, and 6 i May.

The West Coast of India. The Konkan and Malabar.
—The west coust of the peninsula and the strip of hilly
and undulating country that extends below the Ghats from
the Grult of Cambay to Cape Comorin has the dampest and
most uniform climate of any part of the peninsula. While
open to the westerly winds from the ocean, which niitivate
the more intense cffect of the tropical sun and maintain the
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verdure of the land surface and of the evergreen forests that
clothe the slopes of the Ghats, the country is shielded by
this range from the desiceating winds of the Deccan table-
land, and its surface is watered by the numerous small
streams that bring down its drainage and open out into the
tidal estuarics and backwaters that intersect the seaward
marcin of the tract.

;\hhnuqh extending through 13° of latitude (from 8°
to 21° N. lat.), the annual mean temperature of the
western coast is nearly the same throughout, viz. 79° or 80°.

Jut in some other respeets there are considerable differences
between its northern and southern extremities.  To the north
of Bombay the climate of January and ]“cbrufu"y, if not
comparable with the eold season of N(n'then.l India or even
of Beneal, is still such as to afford cool nights, while the
ordinary damp heat of the daytime is tcmpel:ed by northerly
winds; and as far down as the southern limits of the Bom-
bay Presidency (in N. lat. 14°) the season fl‘Oll'l the latter
part of October to the end of May is almost rainless. But
in South Canara, Malabar, and Travancore, the day tempera-
tures of January and February are little if at all lower than
those of the subsequent months, and in the early morning
the thermometer does not fall much below 70° at places
near the sea; while spring showers precede the rains, and
the autumnal rainfall lasts to the end of October. At Cochin,
January and February are the only months in wl'lich the
average rainfall does not exceed 1 inch, and July is cooler
“than January.

The rainfall of the summer monsoon is heavy all along
the west coast, and still heavier on the Ghats, which force
the saturated current to ascend to a height of from 2000
to 7000 feet before pursuing its course across the Deccan
tableland and the loftier hill groups of the Nilgiris, the
Anamalais, and the Pulnis, The cooling which it under-
goes in this ascent, amounting to about 1° in each 400 feet,
causes the enormous precipitation on the face of the Ghats,
of which Mahableshwar with 255 inches, Baura Fort with
250 inches, and Matheran with 244 inches, are examples.
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On the coast the fall is less.  From June to October it
amounts to 119 inches at Mangalore and 132 inches at
Honawar, where it is heaviest; deereasing thence north-
wards to 100 inches at Rutnagiri, 73 inches at Bombay,
and to only 42 inches at Surat.  In the south, on the coast
of Travancore, the rains sct in somewhat earlier than at
Bombay, generally in the latter part of May, and are
heaviest in June.  In Bombay they may be expeeted in the
first or seccond week of June, are heaviest in July, and come
to an end in October; but in the south they last quite to
the end of October, and the rainfall of this month is rather
heavier than that of September.

It 1s almost needless to remark that in such a climate
the vegetation has all the luxuriance that is commonly asso-
ciated with our ideas of the Tropics.  The strip of low plain
that borders the greater part of the coast 1s covered with
cocoa-nuts and rice fields, and the villages of Malabar and
Travancore are embowered in groves of hetel nut palms and
Talipots. ¢ Cassia, pepper, and cardamoms flourish wild in
the jungles, and form staple products for export.  The faet
that the pepper is cultivated without the screens used in
other parts of India to preserve the humid atmosphere alout
it, is the best proof of the dampness and equability of the
climate.  The low valleys are richly clothed with rice ficlds,
and the hillsides with millets and other dry erops, whilst
the gorges and slopes of the loftier mountains are covered
with dense and luxuriant forest.” !

Of the forests Sir D, Brandis writes :—

“The richness of the vegetation . . . may be seen in the forest tracts
at the foot of the Ghats, novth-cast of Bombay, stretehing to the
neighbourhood of the Tapti river, These forests; in which the Teak
is the most important tree, eonsist chiefly of species that shed their
leaves in the dry season.  The dense evergreen forests, characteristic
of the wet zone, begin to the south of the Rutnagiri district, In
Canara, Malabar, and Travancore they oceupy large tracts at the foot
of the Ghats anil also on their summits and the higher hill groups,
which, like the Nilgiris and Anamalais, braneh off 1o the cast of the
chain,  Mahableshwar and the surrounding slopes are elothed with

! Hovker and Thomson, Introductory Essay to the Flora Indica,
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evergreen forest which, some miles farther east, where the climate
becomes drier, yield place to a mixed forest of deciduous trees. On
the windy platean of Mahableshwar, as well as elsewhere on the crest
of the Glats, the trees ave indeed small and stunted ; but in protected
depressions and valleys the thickest evergreen forest of the wet zone is
luxurinntly developed, and besides Laurels, Kugenia and the wild Mango,
consists of Anonaeee and other characteristic tropical families,

The varicty and richness of this evergreen forest inereases to the south,
and reaches its highest development on the western slopes of Coorg,
the Wynaad, and the Nilgiris, opposite that part of the coast where
the rainfull is highest,  Extensive forests with a mean height of 200
feet are here not rare,  Between the tree-boles the ground is covered not
only with dense Tnsh and herbage, in which species of Strobilanthes, an
Acanthaceous genus with large beantiful flowers, plays a conspicuous
part, but also with younyg trees whose parents protect them with their
dense eanopy.  The trees of these forests as well as the undergrowth
are all xhade-loving plants, which can thrive in the deep gloom of the
forest,  When, on the fall of somie forest giant, a gap is made in the
leafy canopy, the younyg trees shoot np, mastering the underwood, and,
striving towards the light, contend with each other for pre-eminence
of growth, till the weaker vield place to the stronger. Besides the
families alveady mentioned, the southern tract especially abounds in
Guttiferee, Dipterocarpe, {i[(’lim'nw, Leyuminose, Rubiacew, Euphorbiacec,
aud Urticacew.  In many places tree-ferns, palms, and bamboos give a
characteristic aspect to the forest.” 1

The climate of the west coast is illustrated in the
Appendix by four stations, viz. Surat in the extreme north,
Bombay, Mangalore and Cochin; and that of the summit of
the Ghats by Mercara in Coorg. The gradations of tem-
perature, humidity, and rainfall, experienced in passing from
north to south, will he best shown by the following com-
parison of the four coast stations :—

The mean annual temperatures of all four stations are within a
degree of each other, viz 79° or 80°. But whereas that of Surat in
January is 70° and in May 86°, the corresponding temperatures of
Bombay are 74° and 85°, of Mangalore 76° and 83°, and of Cochin
79° amd 82° (that of April beinyg 84°). The extreme temperatures of
the year chow a much greater variation. At Surat they are respect-
ively 109° and 48°, at Bombay 95° and 61°, at Mangalore 94° and
63°, and at Cochin 95° and 67°. The Bombay observatory being
situated on a narrow point of land, surrounded on three sides by many
miles of sea, has doubtless more equable temperatures than places on
the coast of the mainland in the same latitude.

1 Die Bezichungen zwischen Regenfall und Wald in Indien (translation).
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The mean hnmdidity of the atmosphere ix comparatively igh, and
equable at all the stations except Surat, AL this place it averiges
but 62 per cent of saturation, and remains hetween 50 el 60 from
November to May, At the remaining stations it averages hetween
77 and S0, and never Bdls to 60 in any single month, AL Cochin
the Jowest wean humidity of any month is 70 per cent, Thee humidity
of the air, therefore, like its temperature, heeomes more constant, in
passing from north to south, and probably this viremmstanee, hite s
much as the rainfall and the rise of the winter temperature, deter-
wines the change in the character of the vegetation noticed in the
foregoing deseription,  The average clowdiness of the sky is about the
same ab Bombay, Mangalore, and Coching viz. between four amd tive-
teuths of the sky expanse, but only three-tenths at Sweat,

The distribution of the raintall has alveady been noticed,  The
average number of rainy days in the vear is 66 at Surat, 108 at
Bombay, 142 at Mangalore, and 164 at Cochin,

Mercara, which iy situated in Coorg, ouly a fow miles from the
erext of the Ghats at an elevation 3700 feet above the sea, has a cool,
equable, and pleasint elimate at all tines of the year,  The mean
temperature is ouly 677, and that of the warmest month, April, 727
the average afternoon maxinmm of this month beiug 857 and the highest
reading recorded in cach of the Tast 5 years within a degree or so of
90°.  The mean of December and January 3 647, that of the early
morning 55° or 577, and the mean minimun of the vear 497 In the
rainy season the air is almost saturated with \':qnnu‘r, and the station
envelopedin clowd, awd during the four mouths, June to September,
it rains almost daily, and often day and night long without interuis-
sion.  From December to the eml of Mareh, however, there ix but
little rain, and in the first three mouths of the vear the humidity
is between 60 and 70 per cent of sturation. The annual mint'un
averages 127 inchesy of which about 106 inches falls from June to
Septetiber,

The Wynaad, which is the chiet colfee-growing distriet
of India, Hes on the Ghat range, and at its foot, numediately
to the south of Mercara, and its climate is similar but some-
what warmer, owing to its lower elevatjon. A high rainfall,
a moderately high and equable temperature, and a generally
damp atmosphere, are the conditions most suitable to the
plant, as will be further illustrated by the climatic features
of Kandy, in Ceylon.  Cinchona is also lavgely cultivated
on the slopes and on the platean of the Nilgiris.  Indeed,
the plantations are, altogether, much more extensive than

those of Darjiling, and certain varieties, especially the crown-
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barks (C. officinalis), also O Ledgeriane and C. pubeserns, are
grown with greater sueeess than in the Sikkim Himalaya.

" Khandesh, the Deccan, and Mysore.—In India without
the Tropic, the most arid province, sind, is separated from
the dampest, Assam, by the whole breadth  of Northern
India, a distance of 22° of longitude; and while the
former lies in the extreme west the latter occupies the ex-
treme east of the region.  In the peninsula these relations
are in a measure veversed, and whereas the seat of the
heaviest rainfall and the dampest atmosphere is the west
coast of the peninsula, the traveller has but to ascend the
Gthats and strike eastward across the tableland beyond their
crest and, in the course of only 30 or 40 miles, he will
have passed from the evergreen forest and torrential r:}infnll
of the Sahyddri range to the rolling plains of black soil and
the flat-topped terraced hills of the Decean, where a shady
tree is among the rarest of nature’s gifts, and where, not-
withstanding the natural fertility of the soil, all agriculture
is more or less precarious owing to the uncertainty of the
scanty rainfall.

The interior of the peninsula, above the Western Ghats,
is a plateau, the greater part of which is elevated between
one and two thousand feet above the sea.  Its general slope
is castward, and the great rivers that carry off its drainage,
the Godavery, the Bhima, the Kistna, the Tungabhadra, and
the Cauvery, and many of their tributaries, take their rise
on the very crest of the Sahyidri range and flow easmta}‘ds
to the Bay of Bengal. The northern portion, comprising
nearly all that lies within the Bombay Iresidency and the
areater part of Hyderabad, consists of flat sheets of voleanic
rvock, and is thus described by the authors of the Geological
Manuwal of India :—

“ The volcanic region of Central and Western India is distinguished
by marked peculiaritics of sccnery, and the characters of the surface
are widely different from those found in other parts of the Indian
peninsula,  Great undulating plains, divided from cach other by flat-
topped ranges of hills, oceupy the greater part of the country, and the

hillsides are marked by conspicuous terraces which may often be
traced to great distances, and are due to the outcrop of the harder
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basaltic strata or of those beds that resist best the disinfeating in-
fluences of exposure. , ., The vegetation of the trap area differs no
less conspicuousty from that which is found ou other formations ; the
distinetion in the dry season being so marked that, especially when
taken in conneetion with the form of the surfiee, it enables hills and
ranges of trap to he distinguished at a distance from those composed
of other rocks,  The peeulinrity consists in the prevalenee of lonyg
grass and the paueity of Targe treesy, and in the cirenmstance that
abmost all hushes and trees, exeept in the damp districts near the sea,
are deciduous. The result is that the whole country, except where it
is eultivated, presents during the cold season, from November to March,
a uniform straw-coloured surface with but few spots of green to hireak
the monotony ; whilst from Marehy when the grass is hurnt, until the
commencement of the rains in June, the black soily black racks, and
blackened tree stems present a most remarkable aspeet of desolation.
During the rainy season, however, the country is covered with verdure,
awl in many parts it is very heautiful, the contrast atforded by the
Llaek rocks only serving to bring into relicf the bright green tints of
the folinge.”

The southern half of the plateau, in the Madras distriets
of Bellary and Anuntapur and the kingdom of Mysore, has
a different aspeet.  This, too, consists of rolling plains, hut
the formation being that of the older erystalline rocks, the
hills are of rounded whale-hacked forms, and frequently the
eminences are crowned with great tors of highly picturesque
and bizarre shapes or rounded hummocks of hare rock, the
result of ages of atmospheric action on rocks of varied in-
ternal structure,

As a general rule, the elimate of the Decean and Myxore,
beyond 30 or 40 miles from the crest of the Ghats, is very
dry.  The driest portion of the Decean is a strip running
north and south, parallel with the Ghats, and from 50 to 80
miles to the east of them, from the foot of the Satpura range
in the Tapti valley to almost the foot of the Niloiris,  As
far south as the latitude of Poona, the zone of country with
a rainfall below 30 inches averages not more than 100 miles
in width; but to the south of this it extends right across
the plateau to the Fastern Ghats, and even heyond to the sea-
coast. In the centre of this part of the platean, to the south
and south-cast of Bellary, is an area of 6000 or 7000
square miles, within which the annual rainfall is below 20
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inches; a tract which has repeatedly suffered from famine in
its severest form. In this dry tract the waste lands are
covered with coarse grass or a thin bushy serub, but in the
hilly country of Sandir to the west, where the rainfall is
liigher, there is a flourishing forest. In the forests of
Mysore, especially those of the Kastern GGhats around Kollegal,
the most valuable tree is the Sandal wood (Santalum album),
which is restricted to the Decean and Mysore plateau, and
to the south of latitude 16°or 17°  The Teak is limited to
the zone fringing the Ghats, where the rainfall exceeds 30
inches; and it occurs also in the Sandur hills, and in the
hilly country to the east of the dry zone which extends far
into Hyderabad, and where the rainfall is also in excess of
30 inches. The red sanders (Pterocarpus santalinus),
which yields a valuable dye-wood, is restricted to the
eastern margin of the platean, chiefly in the distriets of
Cuddapah and North Arcot.

In Khandesh and the greater part of the Dececan dis-
tricts of Bombay, nogpth of the Kistna river, the winter and
spring months are almost rainless. Land winds from the
east in the carlier, and from north-west in the later months,
prevail almost up to the setting in of the summer monsoon.
The winter rainfall of Northern India does not as a rule
penetrate so far south, and the thunder-storms of the spring
months, fed by vapour from the Bay of Bengal, rarely occur
in the northern part of the peninsula much farther west
than the meridian of N agpur. But farther south in Dhar-
war, in Hyderabad, and also in Mysore and the Madras
districts of Bellary, Anuntapur, and Cuddapah, showers
occur occasionally in March and April, and more frequently
in May.  During the monsoon the plateau is swept by a
strong steady west wind, which only occasionally slackens
and gives a light rainfall ; but the rains last longer than in
most parts of Northern India, and the October rainfall
generally amounts to between 3 and 4 inches in the
Deccan, and in Bellary and Mysore is quite as copious as
that of September. The rainy season, if much less rainy
than in Northern India, is cloudy, cool, and pleasant.
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Poona s the chosen seat of the Bombay Government all
through the vains s and the wreat military stations Secun-
derabad and Banaaloe enjoy at this season a climate which
is by no means oppressive, vither on account oft heat or
CXCessIve moisture,

In the Appendix, the stations that represent this tract
are Maleeaon in Khandesh, 1450 feet above the sea ;s Poona,
at 1850 feet, distant only 30 miles from the sunnnit of the
Ghats, and on the horder of the dry tract ;s Sholapur, near
its castern limit; Belsawm in Dhavwar, opposite a0 depres-
sion in the Ghats that admits the monsoon current less
obstracted than in most parts of the range; Secunderabad,
Bellary, and Bangalore; the last onoa very hich part of the
platean, nearly 5000 feet above the sea

The mean annnal temperature of Malegaon s 7675 that of Deeem-
ber, the coolest mounth, 667, wnd that of May, the warmest, 857 the
extreme temperatures of the vear being between 367 and 437 ax a
miniman, and between 1077 and T as a0 maximum. o the first
three months of the year, when the atmosphere is very dry, the diurnal
range of temperature averages not less than 347 or 35, and even iu
the raing s as much as L4 The mean humidity is only 51 per cent
of saturation, and in April, the dviest month, 28 per eent, The aver-
age rainfall is about 25 inches, and of this, less tan 21 inehes fulls
in the seven months from November to May,  The average nunber of
rainy days 1s 66, of which bt 7 oceur in these months,

Poona, which is rather more than 27 farther south, and 100 feet
higher, hax a mean temperature of 7875 in December and January of
727, and in April of 867, Sinee 1878, when for the first time the
instruments were properly exposed, the lowest readings in the vear
have varied between 407 and 507, and the highest between 1017 and
110°.  The former average 4 higher than at Malecaom, the latter 3°
lower.  In the rainy season, from July to Neptember, the mean
temperature is 757, amd the afternoon maximum 817 in July and
837 in the two following month<. In the daytime, therefore, Poona
is as cool in the rainy scason a3 in December 5 but the night tempera-
tures are but little below 707 in the former, while they average hut
54° in the latter.  In the spring months the elimate is as deyv as that
of Malegaon, and the mean humidity of the year is but little vreater,
viz. 52 per cent.  The average rainfall is 28 inches, of which but 2
inches full from November to April,

Belgaum is qymin 25° farther south, and 700 feet higher than
Poona.  Its mean annual temperature is 74° ; the Decemiber tempera-
ture 71°, and that of April 81°. During three months of the rains it
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averages only 707 or 717, The winter temperature, therefore, differs
hut little from that of Poona, but that of the spring and rainy season
is from 37 to H" lower.  The climate is much damper and the rainfall
heavier (49 inches).  Showers fall in April and May on 6 or 7 days
in caeh month, and this rainfall greatly mitigates the temperature,
Morcover, all through the monsoon, a very strong west wind Dlows
constantly through the depression in the Ghat range, opposite Delgaum ;
the mean rate of movement, as shown by the ancmometer, being
between 20 and 30 miles an lour, night and day, in June, July, and
August.  These months and September are very rainy, the average
number of rainy days being from 21 to 28 in cach month, and cven
in Octlober it 1-:1in.~; nearly every second day.  The climate 1s there-
fore nmeh damper than in most other parts of the Decean, especially
those to the north and enst.

Sholapur is on the castern margin of the dry tract, and 1600 feet
above the sen.  Tts mean annual temperature is 79°, or 5° higher than
that of Belgaum ; but the winter temperature is about the same as
that of Poona and Belgaum, viz. 70° in December and 72° in January.
In the hottest month, May, it is 89, and in the rainy season from 77°
10 79°.  The lowest winter readings have ranged between 42° and 49°
in the last 10 years, and the highest summer readings between 108°
and 112°,  The atmosphere is very dry, the mean humidity of April
being only 26 per cent of saturation; and even in the rains it aver-
ages only bLetween G0 sand 70 per cent.  The westerly meonsoon,
though less strong than at Belgaum, blows very steadily, with an
average movement of 10 or 12 miles an hour, and brings compara-
tively little rain,  The mean monthly fall of each of the three months,
June to August, is between 4 and 6 inches only, but that of September
is higher, when, the westerly current having slackened, easterly winds
begin to set in from the Bay of Bengal; and in October the rainfall
amounts to 3% inches.  The total fall of the year is barely 30 inches,
and the number of rainy days 83.

Sccunderabad, which lies 160 miles farther east, at about 1800
feet above the sen, has a very similar climate, but slightly cuoler.
The mean temperature of the year is 78° ; that of December and Janu-
ary 69° and 70° respectively, and that of May 89°. The extreme
temperatures of the year are nearly the same, the minimum varying
between 41° and 53°, the maximum between 106° and 111° in
different years. The atmospliere is somewhat damper; the mean
humidity of the air being 56 ; that of the driest month 36, and that of
the three months, July to September, from 72 to 75 per cent. The
spring months are more showery, there being, on an average, 12 rainy
days from March to May inclusive. But the monsoon rainfall is
equally light, and that of September somewhat less than at Sholapur.
In October it is between 3 and 4 inches. It rains on an average on
89 days in the year.

Bellary is a very dry station as regards rainfall, indeed one of the
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driest in the Decean, and is rather warmer than any of the foregoing,
though elevated 1450 feet above the sea; its mean annual temper-
ture being 807, The mean of December and Januney is 737, that of
April and May 897 and 887, and the Jowest and highest readings
recorded ineach of the Tast TL years have varied between 507 and
577 1n the former case, and from 1067 to 1117 in the latter. Owing
to the lightness of the monsoon rainfall, the mean temperatare frow
June to September ranges a little over 807, and in October x 749
The air is much drier than at Secunderabad, exeept in May and June
and in the last two months of the year; and especially so from July to
September 5 the highest mean humidity of any single month being 64
per cent,  Oceasional showers fall in April and May, but the average
rainfall of both July and August is below 25 inches; and most rain
fulls in October, the average of this month being 4 inches. The total
mean fall of the year is barely 18 inches, and it rains on an average
on only 65 days.

Lastly, Bangalore, a favourite climatic resort of the vesidents of
Madras, and one of the largest military stations in Southern Tudia, has
a climate only second in attractiveness to that of the Niluiri hills, and
especindly suited for raising such fruits and vegetables as thrive in the
warm temperate zone. The mean temperature of the year is 737 ; that
of December and January 67°, and that of the warmest month, April,
80° The highest temperature yet recorded is below 1007, and the
lowest in the winter have varied between 46”7 and 567, The atmo-
sphere is neither very damp nor very dry at any seasom.  The mean
Lhumidity of the year is 66 5 that of the driest month 49, and that of
the dampest 77, The rainfudl is moderate and well distributed through
cight months of the year.  January and February are the most rainless
months ; but in March there are us=ually one or two showers, and in
April more; and from May to October from 3 to 61 inches fall on an
average in each month.  The mean rainfall of the year is 351 inches,
distributed over 96 rainy days,

The Carnatic.—The Ghats, which form the eastern
boundary of the great central tableland of the peninsula,
are by no means so well defined or continuous as the
Sahyadri range on the western margin of the Decean and
Mysore.  To the north of the Godavery they rise from the
plain of the Northern Cirears to the level of the tableland
of Jaipur, and are here well detined.  But to the south of
the Kistna they are represented by a crescentic system of
parallel ranges, the successive outerops of an ancient series
of stratified rocks, which advance nearly to the sea-coast,
some miles north of Madras; and from this point an ill-
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defined escarpment, bounding the tableland of Mysore,
trends away to the south-west, leaving a number of more
or less isolated and independent hill groups, from 2000 to
4500 feet in height, between it and the coast plain of the
Carnatic.  These hills, which bear various names, occupy
the centre of the peninsula as far south as the Cauvery
valley, in latitude 11°.  In this latitude, which also coin-
cides with the southern limit of the outlying ridges of the
Nileiri hills, the hill country of the peninsula is broadly
interrupted. A plain, traversed by the Cauvery river in its
lower course, leads up by a gentle ascent to the foot of the
Nilgiris and the outlying ranges, and at Coimbatore has an
elevation of 2000 feet above the sea; and thence descends
by a steeper incline to the west coast, separating these
latter hills from the Anamalai and Pulni groups, which
rise at a distance of from 20 to 25 miles to the south, and
rival the Nilgiris in height.  These link on to the Travan-
core hills farther south, and carry on the line of the western
highlands to the southern extremity of the peninsula.  The
interruption of the (fhats, opposite Coimbatore, known as the
Palghat gap, exercises an important influence on the weather
of the Central Carnatic on the one hand, and of the Mala-
bar coast, south of Calicut, on the other, affording an
unobstructed passage to the easterly and westerly monsoons.
[n the introduction to their report on the geological survey
of this part of the Carnatic, Messrs. King and Foote re-
mark :—

“The south-west wind blows with great force into the Palghat
Pass, which has a width of about 25 miles, diminishes a little as the
mountains recede and form a funnel, out of which the wind issucs.
Afterwards it meets with little or nothing in the Coimbatore district
to oppose it, till, east of the Cauvery, the Shevaroys and Kolamalais
bre'ak its force, and receive in heavy showers a lzi.rge share of its
moisture then remaining. . . . Southward of the Kolamalais no ob-
struction is offered to the westerly wind, owing to the absence of
mountains, the nearest being the Dindigul mountains at a distance of
some 40 miles ; and, in consequence, it blows very strongly across the
delta of the Cauvery to the east coast. This (westerly; wind, added
to the evaporation from the vast area of country laid under “;ater in
the delta, during the prevalence of freshets in the Cauvery, tends to

N
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cool very greatly the intensely hot climate of the Tanjore distriet.
" . . .

The coast climnate, generally, is much ware damp and velaxing than
that of the more inland parts of the low country, but the thermometer
generally has a lower range near the sea,”

Of the Wil groups, which occupy so much of the interior,
the sae authors write - —

“The climate of the nountain plateaux is one much more agree-
able and suitable to the European constitution in point of temperature,
Lut unfortunately all the ranges are, during the hottest season, to a
greater or Jess dewree the seat of malarions fever, giving rise to very
dangerous jungle fever.  None of the mountaing, even the Shevaroys,
Voo Aprid and May are gener-
ally the most unsafe months, and during these the jungle regions,
especially those among the lower hills, should e carefully avoided.
During the cold season, however, especially in December and Jaunary,
the malaria scems to be quite in abeyance 5 it ix also said to be so for
sonte weeks after the hieavy rains of the south-west monsoon,”

are above the so-called fever range

The width of the coast plain is very variable,  To the
north of the Tulicat lake the hills advance to within 30
miles of the sea.  But to the south of Madras it has an
average breadth of about 80 wmiles, of which the warginal
portion, and certain tracts stretehing inland along the rivers,
are alluvial flats, and the remainder gently undulating and
dotted with oceasional little roeky hills,  Very mueh of the
areit s uneultivated, especially the higher ;_{’I:()llll(l.\‘. Auri-
culture largely depends on artiticial irrigation, and except in
the deltas of the Godavery and the Cauvery, this is ohtained
chiefly from tanks, formed by embanking natural depressions
in the surfuce, and fed either by the drainage of the sur-
rounding country, or, in smne cases, by canals taken off
trom the larger rivers, which bring into thew a portion of
the flood waters.  Some of these tanks are 4 or 5 miles
across, and form a very characteristic feature of the Car-
natic.  The waste lands are for the most part covered with
bush and serub, with small trees.  Except on the hills, there
is little that can properly be termed forest ; but the coast is
fringed with groves of cocoa-nut palms, and, in the neigh-
hourhood of Madras, extensive plantations of Cusuarinas

1 This remark does not refer to the Nilgiris, the Pulnis, or Anamalais,
all of which are well above fever range.
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have been made for the supply of firewood.  There is also
a protected natural forest on the island, 33 miles in length,
that separates the Pulieat lake from the sea.  The principal
roads are hordered with avenues of pipal, banyan, tamarind,
mango, and other trees, and many of the camping grounds
near villages are shaded by topes of large and well-grown trees
of these and other species.  Except wheat and barley, the
chief articles of agricultural produce are similar to those raised
in other parts of India.  Rice is extensively cultivated, and
enters largely into the food of the people; but, as clsewlere,
the millets and some inferior grains also contribute an im-
portant share.

The climate of the Carnatic differs in many important
respects from that of other parts of India.  The dry season
Lusts from the middle of December to the latter part of June;
but in April and May there are usually little storms accom-
panied with heavy showers, locally known as the “mango
showers,” licavier on the hills than on the plains, but even
on the latter giving an average of from 3 to 5 inches of
rain in the two months. The rainfall of June is lighter than
that of May. That of the whole summer monsoon, from Junc
to October, is comparatively light, amounting to 4 or
inches a month in July, August, and September on the
coast, but to not more than one-third that awount in the
dry tract to the north of Combatore, and in the district of
Tinnevelly in the extreme south. Heavier rain sets in in
October, and lasts till the middle of December; and it is on
this that the cultivators chietly depend for filling the tanks,
exeepting such as are supplied Ly feeders from the larger
rivers that come down in flood during the summer monsoon.
There is in the Carnatic no season that would approve itself
as cool to Kuropean feelings, otherwise than in a compara-
tive sense; but, for about 6 weeks after the cessation of the
late autumna. rains in December, the winds are northerly,
the nights pleasant, and the heat of the day not excessive.
In the spring months hot land winds blow in the interior,
and sometimes down to the coast; but at Madras and
other places on the coast, April is the season of the long-
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shore winds, winds which, as their name implies, blow from
the south parallel with the coast, and thongh tess hot than
the Tand winds, are damp and very relaxing.

The climate of the provinee is generally dry as compared
with that of the west coast or of Beneal and Arakan: but
that of the interior, and of the northernmost and sonthern-
most districts, much drier than that of the coast recion trom
the northern extremity of the Policat Take to Point Cali-
mere,  The avernge aunual rainfall of this Ttter tract, to «
distance of from 10 to 20 miles inland, exceeds 410 inches,
But in the northern portion of the Nellore district, the
oreater part of  Coimbatore, and on the coust of Tin-
nevelly it is below 20 inches in the year, wnd over mueh
larger arcas around these below 30 inches.

Some of these phases of the climate ave illustrated by
the five stations, the meteorological statistics ot which are
civen in the Appendix. These are Masulipatam and Mad-
ras on the coast; the first in the extreme north, on the sea
tace of the Kistna delta, the second ou a projecting portion
of the coast south of the Pulicat laike: Coimbatore, on the
dry plain that extends between the Nilairi and Shevaroy
hills, not far from the Palghat gap: Trichinopoly, at the
hed of the Cauvery delta, almost due east of Coimbatore
and Madura, 70 miles south of Trichinopoly, on the plain
to the east of the Travancore hills,

The mean temperature of Masulipatam is 8175 that of December
and January 74°, and that of May, the hottest month, 88, In na
mouth does the afternoon maximum average less than 837, or the
night minimum less than 6675 and in May the former is as high as
99°. The highest reached in the course of the year varies hetween
1017 and 1167, The lowest readings are less variable, being hetween
58 and 627, Owing to the situation on the sea-coast of a great river
delta, the air is never very dry, nor the range of temperature during
the day very great.  The Iatter averages 13" in the dampest months
and 197 in the spring. The air is driest in June, when the humidity
is 67 per cent, and dampest in October amd November, when it is 78 ;
the averuge of the year ix 74, The mean rainfall of the year is about
38 inches, of which ouly 1} falls from December to April.  In the
first three months of the monsoon the maonthly fall does not exceed b or
¢ inches ; but jt is somewhat greater in September, and heaviest in
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October (82 inches).  In Noveinher it amounts to about 4 inches, and
ceases o full month earlier than in the central and southern districts of
the Carnatie. The number of rainy days has varied in the last 11
years from 61 to 101 in the year,

Madras, although also situated on the sea-coast, has a drier atmo-
sphere and a somewhat higher temperature than Masulipatam.  Its
mean femperature is 8275 that of December and January 76°, and that
of June 88°. The afternoon temperatures are lowest in December
(837, but the carly morning readings are somewhat lower in January,
when they average 68°, The lowest reachied in the course of the year,
since the thermometers have been properly exposed, have been between
57:6" and 627, In former years they were many degrees higher.
The highest readings, which are recorded with the hot land winds gener-
ally in May, have heen between 102° and 1137 in different years.  The
daily range of the thermometer is mucl the same as at Masulipatam.
At the observatory, which is nearly 3 miles from the sea, the mean
humidity is 71, The driest month is June, when it averages 61, and
the dampest November, when it is 79 per cent of saturation. The
mean annual raiufall is only a little under 50 inches,  In the wettest
year on record (1827) it amounted to 884 inches, and in the driest
(1832) it was only 18'56 inches.  From June to September there is
lexs rain than at Masulipatam, the average of ecach of these three
months not exceeding 4 or 5 inches.  But that of October is nearly
11 inches, and that of November, which is the wettest month of the
vear, nearly 14 inches.  There is usually a spell of heavy rain in the
carly part of Devember 5 it is in this and the two preceding months
that little cyclones frequently form off the coast, whence they pass
across the Carnatic bringing a deluge of rain.  From January to the
end of April there is but little rain, and in May only a few thunder-
storms, unless, as sometimes happens, the Carnatic is visited by a
cvelone from the bay.

Trichinopoly has the same mean temperature as Madras, viz
82°, but while it is 1° or 2° warmer from Felruary to May, it is
17 or 27 cooler from June to September. Still less than at Madras
is there any cool season, properly so called.  Even in December
and January the afternoon readings of the thermometer average
85° and 87°% but the nights are comparatively cool at this season,
though the thermometer rarely sinks below 60° on the coldest nights
in the year. May is the hottest month, when the mean temperature
is 88° ; but although the average maximum of the afternoon is 102°,
no reading higher than 108° has been recorded, at all events during
the last 12 years, In June the temperature falls with the setting in
of the strong west wind through the Palghat gap, as already described,
and this brings cloudy skies; but the atmosphere remains dry and
there is but little rain. It is very dry, indeed, at all times, except in
the last three months of the year. The niean humidity is 63 per

cent, and in April, the driest mouth, only 54 per cent. Even in June
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awd July it is only 57 per cent, but in November it rvises to 76 per

cent. The mean annual rainfdl is 37 inchea,  Up to the latter part
of April bhut little falls, but at the end of this month and in May
thunder-storms are frequent, aml the avernge rainfull of the latter
manth is nearly 4 inches,  June and July again are dey months, there
being on an average only six rainy davs in the two wonths, But rain
hecomes more frequent in August and September, aml reaches its
maximnm in October, in which month there are about 11 painy days.
November and the first Talf of Deceber are also more or less miny,
but the rainfall is lighter than at Madras,

Coimbatore also has a very dry climate, it being situated at a
high level in the neighbourhood of Tofty hills and within the jnfluence
of the Palghat gap, it is by no means a very hot station for the lati-
tude,  The mean temperature is 787 the same as that of Caleutta, and
4" lower than that of Trichinopaly and Madras, and in no onth of
the year does it deviate wmore than 57 above or 47 below this mean.
[n December and January it is 747, in April 837 and frean June
to September it luetuates between 767 and 7870 But the diurnal
range 15 as much as 277 o Febrnary and March, awl 17 in the
dimpest months of the year.  The lowest readings of the vear
have varied between 5147 and 617 in different years, and the highest
between 99° and 104" in the shade.  The mean Lhumidity ix 66 per
cent, and that of Felruary, the driest mnnlh" 52 pereent. From this
time it rises gradually to August, when it is 73 per cent, amd in
October, the dampest monthy it dovs not exceed 75, There s less
clowd than at Trichinopoly, and the rainfall is much lighter, viz little
above 21 inches in the year,  Of this, showers in ;\pri‘l and May con-
teibute rather more than 4 duches. Then, from June to .\'1'lll(:lll,'\‘1'v
although there are from 6 to 10 rainy days in the month, the averaue
morthly rainfall is havely 1L inches; in October and November the
total fall amounts to 9 or 10 inches, and after the middle of December
there is but little rain tll the April showers.  Although, as alrewly
stated, the rainfall {5 only about 21 inches, it rains on an average on
85 davs in the year.

Maduara is a warmer station, having the same mean temperature as
Trichinopoly and Madras (82°),  In December and January it is 77,
and in April and May 867, On the coolest night of the year it
rarely falls to 60°, and the mean minimum of the three months,
December to February, is between 68° and 70 . In April and May
the afternoon maximum readings average 1017, but the highest re-
corded  temperatures of the last 12 vears have not been higher
than between 104° and 107, From February to Mayv inelusive the
daily range averages 2570 The mean hun)iditv of the vear 13
65, and in the driest months, April, June, and .iuly, it falls to Ho.
In the last three months of the year it averages from v3 to 75,
The rainfall is much higher than that of Coimbatore or than that
of the plains to the south-east, viz. 35 inches in the vear ; and of
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this, nearly 5 inches fall in April and May, about 9 inches altogether
in August and September, 9 inches in October, and 71 inches in the
two final months of the year.  Although the rainfall is thus 60 per
cent heavier than at Coimbatore, it rains less frequently, the average
number of rainy days being only 59 in the year.

Ceylon.—In the course of the foregoing pages we have
seen that, in passing from north to south, the different
seasons of the year become less and less contrasted, the
temperatures of the winter and summer months more and
more cqual, and at length, in the south-west of the
peninsula, on the coast of Travancore, beyond the alterna-
tion of a wet and a dry season, there is little to distinguish
the different months of the year.  In Ceylon, and especially
in its south-west provinee, we have these essentially tropical,
or rather equatorial, features of climate in their strongest
development. At Point de Galle the difference of the
highest and lowest readings of the thermometer in the
course of the year amounts, on an average, to no more than
19°, and in some years has not exceeded 17°, a difference
less than half that of a single day and night at certain
seasons in the Punjab.  But, despite the moderate dimensions
of the island (less than 300 miles in length and 140 in
width), the climate of Ceylon is by no means the same in
its several parts. Its cast and west coasts, if not presenting
so great a contrast as the dry plains of Tinnevelly and
the evergreen forests of Travancore on the Indian mainland,
exhibit differences of the same kind. The heavy rainfall of
the summer monsoon is restricted to the south-west of the
island, while the eastern provinces receive their most
copious rain in November and December. At this latter
season the rain is not restricted to the eastern half of the
island ; it extends not only to the hills, but also to the
south-west province; and in such measure that, both at
Galle and Colowbo, the average fall of October and Novem-
ber is as heavy as that of May, and considerably heavier
than that of June and those months when the summer
monsoon blows most strongly on the coasts of India. The
south-west province, comprising the generally rugged
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country between the central hills and the coast from Galle
to Colombo, is that in which frequent and  copious rain
and constant. damp heat foster the Tuxuriant vegetation
that has made Ceylon proverbial for its beauty among the
heautiful islands of the tropies.  But on the north-west
coast, opposite to India, and also on the south-east coast,
the rainfull is comparatively light, and a jungle of thorny
acacius, euphorbias, and deciduous trees, sueh as characterise
the drier parts of the Carnatic, replace the dense evergreen
forests of the more humid tract.

The climate of  Ceylon has been frequently deseribed,
and by no one more fully than 8Sir Emerson Tennant, from
whose work the following passages are extracted in a wueh
abbreviated form :—

“The island is seldowm visited by hurricanes, and the breeze, unlike
the hot and arid winds of Coromandel and the Decean, is alwavs more
or less refreshing.  The range of the thermometer exhibits no violent
changes, and never indicates a femperature insupportably high.  The
nwean, on an aunual average, scarcely execeds RO at Colombo, thongh
in exceptional years it has risen to 86°.  But’at no Period of the tl;l\'
arve dangerons results 1o be apprebended from exposure to the slni,
and except during parts of the wonths of Mareh and April, there is no
season when moderate exercise is not practieable and agrecable,  For
half the year, from Octolier to May, the prevailing winds are from the
north-cast, and during the remaining months the south-west monscon
blows steadily from the great Indian Ocean. The former is subject to
many local variations and intervals of ealm. But the Lutter, alter the
first violenve of its onset ix abited, becomes more nearly uniform
throughout the period of its prevalence, and presents the character of
an on-shore breeze, extending over a prodigious expanse of xea and Loud.

“There are, of course, abnormal seasons with higher ranges of tem-
perature, heavier rains, or droughts of long continumer, but such
extremes are exceptional and rare. Great atmospherie changes ocenr
only at two opposite periods of the year, and so wradual s their
approach that the climate is monotonous, and oue longs to see again
the falling of the leaf to diversify the saneness of perennial verdure,
The line is faint that divides the seasous.  No period of the year is
divested of its seedtime and its harvest in some part of the island, and
the ripe fruit hangs on the same branches that are sarlanded with
opening buds,”

The following more detailed deseription is given of the
climate of Colombo ;—

CLIMATES OF THE PLAINS 185

“ At the opening of the year the north-cast monsoon, which sets in
two months previously, is nearly in mid-career. It reaches Ceylon
comparatively dry, and its general effects are parching and disagrecable.
This character is increased as the sun recedes towards its most southern
deelination, and the wind acquires a more direet draught from the
north j passing over the Tndian peninsula and almost totally divested of
humidity, it blows down the western coast of the island and is known
there by the name of the “along-shore wind.”  For a time its influence
is uneomfortalle and its effects injurions to both health and vegetation,
It warps and rends furniture, dries up the surface of the earth, and
withers the delieate verdure,  These characteristics, however, subside
towards the end of January, when the wind becomes somewhat variable
with a westerly tendeney and oceasional showers, and the heat of the
day ix then partially compensated by the greater freshuess of the night.

 February is dry and hot during the day, but the nights are cloudless
and cool.  Rain is rare, and when it occurs it falls in dashes, succeeded
by damp and sultry ealms. The wind is unsteady, and shifts from
north-cast to north-west, sometimes failing entirely between noon
and twilight.  The difference of temperature between duy and night
is frequently as great as 15° or 20°

“In Mareh the heat continues to increase. The day becomes
oppressive, the nights unrefreshing, the grass is withered and brown,
the earth hard and cleft, the lakes shrunk to shallows, and the rivers
evaporated to dryness.  Europeans now escape from the low country
and betake themselves to the shade of the forests adjoining the cotfee
Plantations on the hills, or to the still higher sanitarium of Newara
Bliya. The winds, when any are perceptible, are faint and unsteady
with a still increasing westerly tendency ; partial showers sometimes
fall, and thunder begins to mutter towards sunset.

“ April is Dy far the most oppressive portion of the year for those
who remain at the sea-level of the island. A mirage fills the hollows
with mimic water. The heat in close apartments becomes extremwe,
and every living creature flies to the shade from the suffocating glare
of mid-day. At length the sea exhibits symptoms of an approaching
change ; a ground swell sets in from the west, and the breeze towards
sunset brings clouds and grateful showers.

“May is signalised by the great event of the change of the mon-
goon and all the grand phenomena whicl accompany its approach.
About the middle of the month, but frequently earlier, the sultry
suspense is broken by the arrival of the wished-for change. As the
monsoon draws near the days become more overcast and hot, banks of
clouds rise over the ocean to the west. At last the sudden lightnings
flash among the hills and sheet through the clouds that overhang the
sea, and with a crash of thunder the monsoon bursts over the thirsty
land, not in showers or partial torrents, but in a wide deluge that in
the course of a few hours overtops the river banks and spreads in
inundations over every level plain.
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“The extreme heat of e previons month beeomes modified in
June; the winds continue steadily to hlow from the south west, il
frequent showers, aceompanied with lightning and thunder, serve still
further to ditfuse coolness throu ‘

shout the atmosphere and verdure
over the earth.

“July resembles to o great extent the wonth that precedes it
exeept that in all particulars e season is more moderate, showers are
!vss frequent, less wind and Tess absolute heat,  In August the weather
3 charming, notwithstanding a slight increase of heat.  The same
atmospheric condition continues throughout Septendwr, but towards
its close the sea hreeze becomes unsteady and clowds begin o ealleet,
syimptomitic of the approaching change to the north-vast wonsoon,
The nights are always clear and delightfully cool.  Rain is sometimes
abundaut,

“October is more unscttled, the wind veering towards the north
with rain pretty frequent. November sees the close of the sonthwest
monsoon and the arvival of the north-castern. In the carly part of
the month the wind visits nearly every point of the I‘HIII]".‘L\\', bt
shows a marked predilection for the north. The great change is
heralded ax before by oppressive eadis, Jurild SKies, vivid lightning,
bursts of thunder and tumultuous rain, Jut at this change of the
monzoon the atmospherie disturbanee s less striking than in May,
the previous temperature is lower, the maoisture of the air is more
reduced, and the change is less agreeably pereeptible from the southern
breeze to the dry and parching wind from the north,

“In December the wind setting in steadily from the north-east
brings with it Tight but frequent rains from the Bay of engal, The
morning and the afternoon are again enjoyable, bt at ni;th every
lattice that faces the north is cantiously losed against the treacherous
Calong-shore wind.'”

With respect to the climate of Kandy, Sir Fmerson
Tenmnant writes :—

“Kandy from its position shares in the elimate of the western
coast, but from the frequency of the mountain showers, and its situa-
tion at an elevation of upwards of 1600 feet above the level of the
sea, it enjovs a much cooler temperature, [t differs from the low
country in one partienlar which is yepy striking - the varly period of
the day at which the maximum heat s attained,  This, at Colombo,
18 generally between two and three o'elock in the afternoon, whereas
at Kandy the thermometer shows i ] wy

) ; 3 the hWighest e rature he day
Detween ten and eleven o'elock | Rhest temperatun of the (8

Aween tenand eleven o'vboek inc the mornine. Tu Kawdy the nights
are so cool that it is seldom that warn, covering ean be altogether dis-
pensed with.” ' .

And of Trincomalee -

.
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“ At Trincomalee the climate bears a general resemblance to that
of the Indian 1N‘Hi“-"“]“ south of Madras ; showers are frequent but
light, and the rain thronghout. the year does not exceed forty inches,!
With moist winds and plentiful dew this sustains u vigorous vegeta-
tion near the coast, but in the interior it would be insufficient for the
culture of grain were not the water husbanded in tanks ; and the
bulk of the population are, for this reason, settled along the bauks of
the great rivers ) .

«In the extreme north of the island, the peninsula of Jaffna and
the vast plains of Neura Kalawa and the Wanny form a thind
climatic division, which, from the geological structure and the peculiar
configuration of the distriet, differs essentially from the rest of Ceylon.
This region, whicl is destitute of mountains, is undulating in a very
slight degree ; the dry and parching north-vast wind desiceates the
soil in its passage, and the sandy plains are covered with a low and
scanty vegetation, chietly fel by the night dews and whatever moisture
is brought by the on-shore wind.  The total rain of the year does not
exceed thirty inches,? and the inhabitants live in the frequent appre-
hension of droughts and famines.  These conditions attain their
wtmost manifestation in the extreme north, and in the Jaffna peninsula ;
there, the temperature is the highest in the island, and owing to the
humidity of the situation and the entire absence of hills it is but
little affected by the changes of the monsoons.  The soil, except in
particular spots, is porous and sandy, formed from the detritus of the
coral rocks which it overlays. It is subject to droughts, sometimes
of a whole year’s continunance, and rain, when it falls, is so speedily
absorbed, that it renders but slight service to cultivation, which is
entirely carried on by means of tanks and artificial irrigation.”

The agricultural and horticultural products of Ceylon
are even more vavied than those of most parts of India.
There is perhaps no plant native to the tropics, and but few
sub-tropical forms of vegetation, that may not be raised
either on the low country or the hills; and the actual ex-
ports, in addition to tea, coffee, and cinchona, which are (or
were) the chief produce of the plantations, include the cocou-
bean, cocoa-nuts, india-rubber, cardamoms, cinnamon, cloves

) 3 3 b )
nutmegs, pepper, and mauny other spices, vanilla, betel nuts,
and most of the agricultural productions of India. Coffee,
which, twenty years ago, was the great staple article of ex-

! Recent registers show that thisis much underestimated. The rainfall

of Trincomalee is over 60 inches. But it holds good of the west coast in the
latitude of Trincomalee,

* This again is underestimated. The average rainfall of Jaffua is 49 inches,
and that of Manaar 40 inches, as the result of 16 years’ registers.
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port, has suffered o severely from the attacks of a funwus,

known as the leaftdisease, that from ISTT to 1883 the
exports sank from 850,000 to 250,000 hundredweishts,
and the average produce from 4} to dess than 1) hundred-
weights per acre. Many of e st s, lnnnnl\ devoted
exelusively  ta coffee, have, in cousequence, been either
abandoned to jungle, or partly planted with tea, cinchona,
or cocos and at the present time the enliivation of tea,
wore espeeidly, i advancing by Teaps and bounds, in sueh
meisure that Ceylon is abready a formidable vival of Assm
in the production of this impertant staple,  Those who
may  desive to obtain detatled information on these and
Khudred  subjects may  be referred to Fercuson's  ¢eylon

Heandbook and  Dircetory, & most valuable compendinm of

general infornetion relating to the colony.

The detatled climatic statisties of three stations are given
in the Appendix, viz. Trincomalee, on the north-cast coast,
representing the drier, but not the driest portion of the
island; and that which, like the Carnaie, receives its ehiof
rainfall during the transition from the south-west to the
north-cast monsoon.  Kandy, which may be tiken as re-
presentative of the climate of the lower hill redion, the chief
seat of tea and coffee cultare, for which it enjoys the great
advantage of almost constant humidity, @ very equable tew-
perature, and a copious rainfall at two opposite seaxons,
And finally, Colombo, which is the seat of covernment, the
commercial capital and chiet port of the ishind,

The mean temperature of Trincomalee is the same as that of Madras
and the southern Carnatie, viz. 827, but the annual range is less ; the
temperature of December and January being only 47 below the mean,
and that of the four months, April to July, 3" alove it.  The miui-
mum xnuht temperatures are even anore uniform, averaging Letween
74 and 777 throughout the year, and never falling e low 657, The
day maximum averages 837 in the coolest and 937 or 947 in the warnwst
months, and reaches to between 97° and 102° only on the hottest
days of the year, The mean humidity of the observatory is 72 per
cent, in November 82 per cent of saturation, and in Jul\ here the
driest month of the vear, 65, From May to September, t]l.ll iz, all
through the south-west mon=oon, it averages bhelow 70, owing to the

position of the station on the lee coast of the island, so that th\ south-
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west monsoon here blows as a land wind.  The mean annual rainfall
is 62 inches; of which two-thirds fall in the four months, October
to January, .uul only one-seventh from March to July mclum e
There are, on an average, 104 rainy days in the year, of which also
two-thirds veeur in the four months, October to J.mmry

Kandy has a still more uniform elinate, with a mean temperature
of only 76°.  That of January is 74°, and that of the three warmest
months, March to May, 797, 'lhv minimum night temperatures range
from 68 to 73" in different months, and the nmximum day tempera-
tures from 80" to 87°.  The highest temperature yet recorded is be-
low 95°, and the lowest Hd” 'l]m mean humidity ix 77 per cent of
~.1.tur.1.tlon, varying from 69 in April, the driest month, to 81 in June
and 80 in July .md also from October to December.  The average
rainfull is 841 inches, and this is more evenly distributed through the
year than is “the case on either coast of the island. ()ctnbu' and
November have on an average more than any other months, and
February and March the least.  But in no month does the average
fall exceed 12 inches or fall below 21 inches, and excepting in Febru-
ary and March, it rains on an average on from 10 to upwards of 20 days
in each month. The average number of rainy days in the year is 185.

Colombo is 5° warmer than Kandy, but the annual range of tempera-
ture is even less,  The mean of the vear is 81° but that of the warm-
est wmonths is only 2° hl"h(- r, and that of the coolest 2° lower than
this mean. On the aVerage of 12 years, the difference of the
highest and lowest readings in the year is but 25°) and that of the
highest and lowest yet recorded only 5° greater.  In February alone, the
range of the thermometer is nearly as great as in the whole course of
the year. The humidity of the atmosphere is high, viz. 78 per cent
of saturation, and even in the driest month, February, it averages 73
per cent ; but it oceasionally falls much below this during the heat
of the day, with a north wind. The average rainfall is 87 inches, of
whieh between 12 and 13 inches falls in each of the three months
May, October, and November, and less than 2 inches in February.
In most other months exgept Jannary, the fall is little if at all below
5 inches. There are fewer rainy days than at Kandy, viz. 159 in the
year on an average.

Burmah.—Of the climate of Burmah I am able to give
a detailed account only in so far as relates to the provinces
which have been under British rule since 1825 and 1852
respectively, viz. Arakan, Tenasserim and Pegu. In the
case of the recently-annexed province of Ava, it is known
generally that the climate is drier and the annual range of
temperature greater than in the older maritime provinces,
but the ounly statistical data at present available are the
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yegisters of nine months of 1879 at Mandaday, veeorded by
the Iate Mr IL Shaw, and those of two wmonths of 18846
An abstract of most of these is given in the Appendix
The olservatories which have now  heen established at
Bhamo and Kindat, in addition to that of Mandalay, will,
in the course of a few years, afford a better idea of the
characteristic elimatic  features  of  the  newly -aequived
territory. ’

The position and configuration of Avakan and 'l‘('ll:lh‘.ﬂ('l‘!lll.
on the west coast of the peninsula, with hill ranges vunning
parallel with the coast, expose thent to the 1nfluence
of the south-west monsoon of the Bay of DBengal, in the
sune manner and as fully as are the Konkan and Malabar
to that of the Arabian Sea; and with a similar vesult, viz
an excessive rainfall from June to September. In Arakan,
however, this rainfall is more prolonged than on the west
coast of the Konkan in the same latitudes,  The southerly
monsoon continues to blow in the eastern half of the bay
for some weeks after it has ceased in the western halt and
in India generally, and the stormy weather which frequently
prevails on the bay m October and the Dheginning  of
November is always accompanied with southerly  winds,
which discharge a good deal of rain on the hills of Arakan,
as well as on those of the more southerly portion of the
Malay peninsula,

In Pegu, which lies wholly east of Avakan, and to lee-
ward of the coast range, the sea face of the Trawadi
delta shares the heavy rainfall of the coast generally ; and
the hill ranges to the cast of the delta, the Pegu Yoma, and
that which separates the Sttang from the Salwin, also have
a high rainfall ; but the Irawadi valley above Prome ix much
drier, and this character becomes more and more marked as
one ascends the river to Mandalay.

The valley of the Irawadi consists of plains intersected
by low isolated ranges of hills, running north and south;
and these, at certain places, hem in the main stream of the
river, forcing it to flow in a narrow but deep channel.  On
the west, the valley is bounded by the Arakan Yowa,
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which commences at Cape Negrais, and consists of a belt of
parallel ridges, ence of which rises to 4000 feet in about lat.
18°, but sinks again to about 1000 fecet at the Tegu frontier.
Farther north, it gradually inereases in clevation as well as
in width ; aud in latitude 22° 307 rises in the Blue Moun-
tain to a height of 7100 feet., The extensive hill traet
covered Dy this range and its off-shoots between the pro-
vinees of Ava on the east and Arakan and Chittagong on
the coast, is occupied by native hill tribes, and covered with
forest.  But few parts of it have ever been visited by
Europeans,

To the east of the Trawadi the Pegu Yoma, a range not
more than 2000 feet in height, intervenes between that
river and the Sitang, and contains some valuable teak forests.
Another and much loftier range separates the latter from
the Salwin, and its northern extension Dbecomes a broad
series of parallel ridges occupied by the Karens, and east of
Bhamo by the Kakhyens. The forests of these hills and
those of the indepengent Shan states east of the Salwin
have for many years past furnished the chief supplies of
teak timber to the ports of Rangoon and Moulmein. The
forests of Burmah and the neighbouring states contain many
other valuable timber trees, among which Padouk is already
in some demand Dboth in India and Europe. The chief
agrienltural export of Burmah is rice.

The whole of Burmah is swept by the summer monsoon
from the Bay of Bengal, which impinges obliquely on the
coast and, as already observed, discharges a very heavy rain-
fall on the seaward face of the coast ranges and on the
marginal portion of the Irawadi delta. On the plains of
this river it prevails as a south wind, its southerly direction
being probably determined by that of the numerous hill
ranges ; but it is also probable that it passes over the crest
of the higher ranges with its normal south-west direction,
blowing towards the plains of China and the slopes of the
eastern Himalaya. Ava, which lies under the lee of the
Arakan coast range, has a comparatively dry climate and
a vegetation which, according to Hooker and Thomson, re-
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sembles that of the Carnatie; but the northern part of the
provinee bevond Bhamo is damper, owing to the loftier
mountaing and the more irregular surfuce of the country,
and the veoetation is very similar to that of Assam. I
the winter months the winds are light and northerly 5 up to
the end of January, chietly north-cast at Thyet Myo and in
the Trawadi delta, and north-west at Tounghoo. At the end
ot January they hecome north-westerly and gradually back
to sonth-west with the inereasing heat of the land. From
December to April but little rain falls in any purt of
Burmah, with the partial exception of the most southern
districts of Tenasserim ; but in May rain becomes frequent,
and during the succeeding four months rainless day oceurs
but rarely, save only on the plains of the Trawadi north of
the delta.  During this season the atmosphere is saturated
with damp, and at Rangoon and Moulmein the temperature
is moderate, not exceeding an average of 837 or 85 at the
warmest time of day, and sinking to 742 or 76 at night.
[n Ava, however, where the raintall is light, the temperature
of this season is nueh higher, sometimes veaching to nearly
100° in the shade, to judee from the Mandalay registers of
1879.

A very marked feature of the climate of Pegu, and one
which probably goes far to explain its notorious unhealthi-
ness, is the wgreat change of  temperature during the 244
howrs, combined with  the  prevailing  dampness of  the
atmosphere. At stations in the interior, sich as Thyel
Myo and Tounghoo, the difference between the thermometer
readings at  sunrise and in the afternoon, in the earlier
months of the year, is as great as in the driest parts of the
Punjab, and some 10° or 12° greater than in Bengal.
although the atmosphere is not drier than in the latter
province.  As all the meteorological observations have been
recorded under exactly similar conditions at all stations.
there is no reason whatever to question the validity ot this
COMPArison.

Abstracts of the chief chimatological data of seven
stations are given in the Appendix, viz. Akyab, on the coast

o el
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of Arakan; Mandalay (for 11 months only), as repre-
senting Ava; Thyet Myo, in the driest portion of Pegu,
11 miles from the northern froutier of the province ;
Tounghoo, in the Sitang valley, cast of the Irawadi and the
Pegu Yoma; Rangoon, in the castern corner of the Ivawadi

delta, and 25 miles from the embouchure of the ecastern
branch of the river; Moulmein, on the Salwin, 24 miles
above where it enters the Gulf of Martaban ; aud Mergui,
on the sea coast of Tenasserim, near the southern extremity
of the provinee.

The annual mean temperature of Akyab is 79° or 2° higher than
that of Chittagong, on the same coast but 160 miles farther north,
That of Junuary, which month, owing to the fall of the night tem-
perature is 3° cooler than December, is 69°, and that of April and
May 84°. Tn July and August the mean temperature sinks to 81°,
thf} maximum of the day falling from 92° to 84° or 86°, The mean
minimum temperature in January is 59°, and the lowest in the year
varies from 47° to 55°, The highest yet recorded is below 100°,
and has ranged Letween 93° and 99° in the past 13 years. In Feb-
ruary t}}e diurnal range averages 25°, but at the hieight of the rainy
season sinks to 7° or 8°, ® The mean humidity of the station, which is
zlsttlll:;trt;lo(f)nthz Ixézul"rc?\t po‘i.nvtx nf. land Dbetween the sea a'ml the.brond
70 i Febrmrs :nd]( ).r.xe' river, is 80. per cent of saturation, {‘nlhng to
] l‘uinf;tll)j; 1(9(;11§1131{’r;t0b 89f‘1n Jul)ﬁ and August, '11.1e mean
the Bl 1o insinniﬁc-mt]m 1es, but from ]?ecember to.Murch inclusive

1significant, and that of April under 2 inclhies. In May,
however, rain is frequent, amounting to between 12 and 13 inches on
an average on 14 rainy days, and the average fall in each of the
qmnths June and July is over 50 inches. In Augnst the fall is
lighter but not less frequent, and even in September it rains on two
days out of three, and in October on more than one in three. The
average number of rainy days in the year is 140.

For Mandalay we have complete registers for only 11 months,
and relating to two different years, and rainfall registers for 17
months, including two monsoons. From the former, a niean tempera-
ture of 81° has been computed, but this is probably rather higher
than the true normal average. That of January 1879 was 71°, and
that of April 91°. The mean minimum of January was 59°, and
52:9° was the lowest reading recorded. In April and May the miean
of the maxima was over 100°, and the highest reading registered
106-1°. The winter temperature was considerably higher than that
of places in the same latitude in India, and only in January a little
lower than that of Cuttack, 11° farther south. After - April
the mean temperatures were about the same as those of Cuttack,

6]
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but the rainfull  being lighter the  afternoon tempenures were
bigher wt Mandalay in July and August. The nmean atmospherie
humidity of the year was 63 per cent of saturation, and that of March
43, September was the dampest month, when it rose to 77 per cent,
and September and November (October being wanting) were the
dampest months in the vear. The rainfally ax far as can be deduced
is only 271 inches, and in no month

from the 17 months’ reg 3
apparently does it sain more frequently than about one day in three.
The first three months of the year were rainless,

Thyet Myo has o mean temperatuve of 797, being 1‘1«~r¢=?'lw?‘u‘ -
peerently cooler than Mandalay, althowgh it lies more than 27 farther
south ; Dhut this must be considered ax doubtful. - The mean January
temperature is 687, and that of Apvil, the warmest month, 877 In
January the mean of the morning minima is 547, and the lowest read-
inys of cach vear have varied between 407 and 497 In Apeil the
mean of the afternoon maxima is 1037, and 11027 is the highest read-
ing yet reeorded, 1o the fiest three months of the yuar the average
duily range is from 317 to 367, which is as great as in the .(lru'st
months in the driest part of the Punjab, amd must be the more trying to
health that the atmosphere Is by no means so dry us that of the latter
province.  The mean humidity of the year is 72, aud that of the
driest months, March and April, 56 per cent. In the rainy season
(July and August) it is as high as 84, The winfall averages about
451 inches in the year, and the four wonth:, December to March, are
almost rainless.  As in other parts of Burmal, the rainfall of May is
considerable, viz, d inches; but during the «wmer monsoon it is
only 7 or S inches in the month, and as wueh as 5 inches in October.
It rains on an average on 107 day= in the year.

Tounghoo is slightly cooler than Thyet Myo, the mean temperature
Teing 78 . The temperature of January is, however, velatively higher,
viz. 707, and that of April Tower, vizo 850 The mean mintmun of
the mornings in the former months is 577, and the lowest of the year
between 47wl 500 I April the afternoon maxinma average 1007,
the highest varving from 1017 to 1077 in different years. The range
during the day in the first three months is not quite so great az at
Thyet Myo, but still very considerable, viz, from 297 to 327 on an
average, and in the rainy season it amounts to 12°or 15°.  The mean
humidity ix 76 per cent of saturation, and in March not helow 61 per
cent. I July and August 1t averages 87 and 88 per cent. The
mean annval raintall 18 78 inches) seareely any of which falls in the
first three months of the year,  But the rainfall of May amounts to
over 6 inches, and the rains continne till quite the end of October.
The average number of rainy days in the year is 135,

Rangoon has a diwmper and more equable climate.  The mean tem-
perature is the same as that of Akyab and Thyet Myo, viz, 797; but
the temperature of the winter months is higher and that of the rainy
seasont lower, so that there is a difference of only 3° Letween the mean
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temperature of January and those of July, August, and September.
Indeed the afternoon maxima are lower from June to September than
in any other months of the year. In January the mean temperature
is 75°; that of the morning minima 64°, and that of the afternoon
maxima 88°.  Even here, on the margin of the Irawadi delta, within

a few miles of the sea, and swrrounded by broad rivers, the dinrnal
range is between 20° and 30° in the first four months of the year,

In April, the mean temperature is 84°, the afternoon maxima average -
98° and they often exceed 100°,  But heavy rain begins in May, rapidly
bringing down the heat of the daytime, and from June to September
the mean temperature is only 78° or 79°, the afternoon maxima 85°

or 86” on an average, and the diurnal range only 9°. The mean
hunidity of the station is 78, that of Febmary 62, and that of July

and August 90 and 91 per cent. The mean annual rainfall is but

little below 100 inches, and of this less than one inch falls from

Decerber to March inclusive. From June to September, on the

other hand, a rainless (day is rare, and in October there are about 14

rainy days, The average number in the year is 153.

Moulmein has a very similar climate in point of temperature and
general humidity, but a much higher rainfall.  The winter tempera-
tures are about the same as at Rangoon, but from April to September
they are about 1° Jower, and on the hottest days in the year the ther-
mometer rarely reaches 100°.  The diurnal range of temperature is
either the same or rather less at the different seasons, and the humidity
of the atmosphere less in the winter months, and about the same in
the rains. From December to March the weather is equally rain-
less, but in the remaining eight months the rainfall averages not less
than 188 inches. In May it is as much as 19 inches, and in July
and August there is an average of nearly an inch and a half a day.
In these months the atmosphere is always near saturation.

Mergui, the most southerly station in Burmaly, resembles places on
the south-west of Ceylon in the cquability of its temperature through-
out the year, but the mean is 3° lower, viz. 78°.  July and December
are the coolest months, and have the sume mean temperatuve, viz. 76°,
but while the average maximum of the day is 88° in December, in
July it is only 84°.  April, the warmest month, has a mean tempera-
ture of 81°, and an afternoon maximum of 92°. In most years the
thermometer never sinks to 60° on the coolest morning, and it las
never risen to 100° on the hottest days during the last 9 years,
The mean humidity is high, viz. 82 per cent, and in no month does
it fall below 73 5 while in August and September, which are here the
dampest months, it rises to 90 per cent of saturation. The dry season
is shorter and less dry than anywhere to the north. December and
January are the only months in which the rainfall averages less than
an inch, but in the summer monsoon the fall is less heavy than at
Moulmein, and the mean rainfall of the year is about 160 inches, It
rains on an average on 168 days.
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Andaman and Nicobar Settlements. The climate of

these islands, which have heen ocenpied as conviet sottle-
ments sinee 1838, s almost equatorial in its uniformity and
I many vespeets similar to that of Tenasserim, The
Andimans are hilly, the ills heing for the most part only
afew hundreds of feet in heicht, and covered with forest,
exeept where elearings have been miade around the settlement.
Mungrove swamps extend in places along the sea margin,
and outside is o fringe of coral veete The Nicohars, as far as
they arve known, ave similar s It owing apparently o the
magnesian character of certain of the rocks, there arve large
tracts, the dense elay soil of which is unfavourable to vegeta-
tion, and these constitute wrassy plains, hare of forest.  The
Nicobar settlement of Nancowry has o much worse reputa-
tion than that of the Andamans for health, and this appears
to he due to the different charvacters of the sites selected.
On the latter islands elearings have been made in the onee
unbroken forest.  The soil is porous, and admits of good

drainage ;. but in the former, the zrass Lud has been

occupied, perhaps on aecount of its openness, hut the stifl’

clay, whicle does not support vegetation, ix impervious to
draimrce, and an obstinate form of fover s very prevalent
among the settlers.

Both settlements are wartner than the Tenasserim mainland in the
sawme fatitude, the mean temperature of Port Blair and Nancowry
being 807, while that of Moulmein and Mergui is only 78", 'This
excess may possibly e due to both the former having an castern
aspect, and to their being therefore on the lee-side of the istands in the
south-west monsoon,  There is but Tittle variation during the year:
March and April are the warmest months, with mean temperatures of
827 and 83" respectively, amd wmean daily maximum of 92 at Port
Blair and 89 at Nancowry., A reading of 9957 has been once re-
corded at Nancowry, but at Port Blair 964" is the highest, and 94’
or 95° on an average, the highest in the year.  The lowest yvet re-
corded at Port Blair is 667, and at Nancowry 70-2"°.  The average
extreme range of temperature in the course of the year is only 24 at
the former, and 227 at the latter.  The diurnal range of temperature
at  Nancowry never averages more than 10° or 11° in any
month, and varies but little at different seasons.  DBut at Port Blair
it iz as mueh as 147 or 157 in the driest months, February, Marel,
and April.  Port Blair is the damper station of the two; the mean

3
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humidity being 83, while that of Nancowry is only 79 per cent of
saturation ; and this difference appears to hold good in all months,
The rainfall of Port Blair is rather heavier, especially during the
south-west monsoon ; but Nancowry has more rain from November
to April inclusive. At both stations the monsoon rains set in in May,
and the rainfall of that month is little less than that of June. The
number of rainy days is about the same at both stations, and amounts
to nearly half the days in the year ; but during the summer monsoon,
while at Port Blair there are only 5 or 6 rainless days in the month,
there are about twice as many at Nancowry.

WEATHER AND WEATHER REPORTS.

Climate and Weather.—The distinction of climate and
weather in the language of everyday life is too familiar to
need more than a cursory reminder of the sense in which
the terms are here employed. By the former are meant
the average couditions of heat and cold, damp and dryness,
and the like, characteristic of a place or country, in so far
as they vary regularly with the succession of the seasous,
The latter has reference to the appavently irregular, though
not always minor, atmospheric changes that take place from
day to day. Climate depends on the latitude, on the height
above sea-level, on the distance from the sea, on the form
and slope of the land surface, on the nature of the soil and
its vegetation, and a number of other circumstances, for the
most part permanent, and generally easy to ascertain.  The
vieissitudes of the weather stand in very different case; and
although of late years much has been done to determine
fixed relations between weather changes and those great
movements of the atmosphere that immediately give rise to
them, the ulterior causes that produce these movements can
be indicated only in very general terms. Iu great part
they would appear to be beyond the range of our field of
observation, and can be arived at, if ever, only by a slow
process of inference.

Anticyclones and Cyclonic Depressions.—The modern
practice of weather forecasting is based on the known
mutual relations of those tracts of relatively high and low
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barometrie pressure that have been deseribed at page 24 of

this work ; and which ave respectively the souree and voal
of the surface winds,  The former are generally  termed
anticyclones, the latter, barometvie depressions, or eyelonic

systems, or simply “eyeclones™ ;5 though this extension of

the Tatter term, from the huricanes of the tropies (to which
alone it was originally applied), to all havometric depressions
is attended with some nconvenience.  As has been ex-

’

plaiined at page 46, the terms “cyclone” and “anticyelone”
have reference o the course of the winds around  the
centres of low and  high pressure respectively ;. which
courses are different in the northern and southern hetni-
spheres, thongh constant in the same hemisphere,  In the
northern hemisphere, with which we are now concerned, the
winds  blow spirally outwards from an anticyclone, the
curve of the spiral being with the movement of the clock
hands, or “clockwise 75 and they blow spirally inwards to
a cyclonic centre against the clock movement, or counter-
clockwise.  Fach of these systems has its chameteristie
type of weather.  In an anticyelone, as a rule, in all parts
of the world and always in India, the weather is fine, and
either the skies are cloudless, or the clowd, it any, is hich ;
except that in damp regions, such as Assam, a ‘hi;_:h baro-
meter s sometimes accompanied with a ground foz.  In
amd around a eyelonie system the weather is more or less
unsettled and cloudy, storty or winy, according to the
season and - the intensity of the depression, A partial ex-
ception to this rule oceurs indeed in the Indus valley region
throughout the sunnner monsoon, in so far that, where the
barometer is lowest, the atmosphere is hot and oppressive,
but the weather remains fine, and 1ain is restricted, as a
rule, to the outskirts of the depression, where the barometer
is somewhat higher.  Owing to other canses, a clear skv and
a calm atmosphere are also sometimes met with in the very
centre of a cyelone.

The general prevalence of fine dry weather in the Indian
cold season and of rainy and stormy weather during the
summer monsoon, 1s primarily due to the fact that, in the
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former, Northern India is generally, for weeks together, a
region of high barometer, and in the latter of low baro-
meter; and it is in virtue of the comparative stability of
these opposite conditions that the opposite eharacters of the
two seasons are so marked. The auticyclone over Northern
Iudia in the cold season is, however, not quite stable.
Now and then a barometric depression partly or entirely
displaces it; and it is on such occasions that we have the
cold weather rains of Upper India. How these depressions
originate is at present by no means clear. In some cases
they scem to be formed in North-western India, or even
farther south. In others they probably reach India from
the west; though, in the absence of weather reports from
any of the countries that lie in that direction (beyond
Quetta) it is impossible at present to verify this. It is,
however, certain that when these cold weather depressions
travel from the place of their first appearance, they always
move in some easterly direction, and thus it is that a spell
of rain in the early months of the year begins, as a rule, in
North-western India, and on subsequent days extends to
the North-west Provinces, and sometimes, though more
rarely, to Bengal. 1In the rainy season they are formed
cither in some part of the permanent depression then exist-
ing in Northern India, or more frequently, on its outskirts,
in the prolongation of its axis over the north of the Bay of
Bengal ; and their subsequent course is between west and
north-west. In the intervals between the monsoons they
originate over the seas around India, and more often on the
Bay of Bengal than on the Arabian Sea. The direction in
which they travel is then more variable, but still most
frequently to the north-west or west-north-west.

It is to such travelling depressions as these, which, in
their more intense form constitute cyclones (in the original
sense of the term), and in their less intense form what I
have termed cyclonic storms, that the more striking changes
of weather are due. They are always accompanied with
heavy rain; on the mountains in the winter and spring
months with snow; and frequently with stormy winds.
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At sea they are more violent than on land, and  their
characteristic features on Indian seas will be the sabject of
a speeial seetion of this work,

When sach o storm has appeared in any part of the
Indian weather report systenm, the general experienee alveady
cuined of the storm tracks of the different seasons renders
icertain amount ol weather prevision possible ; hut such
prevision is better grounded when the storn has already
bewvin to travel, and the direetion to which it tends s shown
by the reports of two or more siecessive days,

How the weather is affected by the passage of these
storms at different seasons will e deseribed presently.

But before doing so, it s necessary to notice another elass
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of havometrie oxeillations, the ciuse and origin of which are
even more obsenre than are those of evelonie storms,
Barometric Surges.—These oscillitions have already
been shortly noticed at page 220 1f the readings of the
barometer at 8 AN, as now published in the Simla weather
reports, be plotted on ruled paper for say o dozen stations
indifferent parts of India, and i this e repeated day by
day for o month, o connecting line being van throngh all
the readings of the sane station, as in Fie 10, 1 is found
that these lines show certain oseillations common to all or
nearly all the stations, and apparently  simultancous, hut
generally greater in wmount at the northern than at the
more southern stations. These oscillations are evidently
independent of those produced by the passage of eyelonic
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storms, which are much more loeal and not simmltancous
at distant places.  They are irregular in period, each oscil-
fation lasting from 3 or 4 days to a fortnight.  As was
remarked in a former place, they do not necessarily accom-
pany or betoken any important change of weather, but they
are apparently not without influence en the weather, since
there is more tendency to cloud and the formation of summer
squalls in the hot season and of eyclonie storms in the rainy
season, when the barometer is below the mean, than when it is
above it.  Mr. Eliot has remarked, with regard to them, that
their coincidence over so large an area “points to the prob-
ability of their heing produced by the alternate expansion
and contraction of the atmosphere.”  In the absence, how-
ever, of any fuller explanation of this view, it scems hardly
reconcilable with the fact that they are as great or probably
areater in higher than in lower latitudes, that is to say, where
the alternate expansion and contraction of the atmosphere
are of less magnitude than in India.  They oceur in the
temperate zone as weld as in the tropies, though perhaps their
occeurrence is there more masked by the greater barometric
changes arising from other causes.  Mr. Abereromby has
recognised  them in his valuable work on Weather, and
has termed them “surges,” the name here adopted, re-
marking that they have a decided tendeney to travel from
west to east, or from south-west to north-east; and further,
that while the passage of a surge excreises a moderate in-
Huence on the characteristic weather of any isobaric shape
(eyclonie depressions, anticyclones, cte)), it exercises a very
powerful influence on the formation of new systems. He
states also that in the South Indian Ocean, during the
period of the north-west monsoon (December to Mareh),
“hurricanes almost invariably form during the downward
period of the surge, and practical forecasters, like Meldrum
at the Mauritius, are always specially on the lookout for signs
of serious bad weather, whenever there is the slightest symp-
tom of a non-diurnal diminution of pressure.” To a certain
extent this is in accordance with Indian experience.

1 Report on the Meteorology of India in 1877, p. 48.
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In the Simda weather reports, the passige of these surges
is shown by the colmmn that gives the change of the havometer
in the preceding 24 hours, 1 as sometimes happens, the
whole or the Livee mnjority of the stations i all parts of
India show o rvise or fadl, this is due (o the passase of a
surge wave,  As aovule, however, the suree s associated
with changes of a more oeal character, and these may add
to or detract from the general change, or even locally
neatralise i, [t is, of course, fmpossible so to analvse the
total chanee as to assign to cach element its exact value,

Weather of the Cold Season.—- The most settled
weather of the year in Northern Indinc is from the cessa-
tion of the rains in September or October to the latter part
of December, It is but seldon that the serenity of the
climate of the greater part of extra-tropical India is dis-
turbed by storms, either from the Bay of Bengal or of more
northerly orvigin, durtng these two or three months. The
barometer s high in the north-west: and Lisht north-
westerly winds or calms prevail down the Gangetie plain,
becoming cooler as the year drws towards its close,  Storms
are, indeed, still formed in the south of the hay and often
eross the peninsala, their tracks becoming more southerly as
the season advanees, until, by the end of December or a tew
days Iater, they cease to appear in Indian seas. The first
- eyelonic disturbances producing the winter rains of Northern
India generadly make their appearanee in the latter part of
December or the beginning of January, and they are vepeated
at intervals in this and the following months,  One or two
examples will show, better than any general description, the
chanczes that precede and aceompany this cold weather rain-
fall.  The first instanee 15 one in which the disturbance
apparently ortginated i India,

On reference to Figure 3 on page 25, which shows the average
distribution of pressure in the month of January, it may be ohserved
that on the west coast of India the isobars all make a loop northward,
indicating a trough of low pressure.  In January 1853 thia trough
was more than wsually developed, and on several oceasions in the

early part of the month extended northwand, encroaching on the region
of high pressure that, at this season, usually acenpies North-western
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India. This state of things is shown in Fig. 11, which is the weather
chart of 10 a.M. on the 4th January., The wind arrows show that, in
conformity with this anomalous barometric feature, light southerly
winds prevailed at several stations in the west of India, and easterly
winds in Kathiawar and Rajputana, blowing cyclonically around the

Fie, 11.—WEATHER CHART For 10 A.M., 4th January 1883,

loop of the isobars, and bringing damp oppressive weather to Western
India. Up to the 9th, on%y a few light showers fell on the most nor-
therly hills of the Punjab and at their foot. But on this day the de-
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Fia. 12.—~WEATHER CHART FOR 10 a.x., 9th January 1883.

pression extended so as to occupy the whole of Central and Western
India, as shown on the weather chart for 10 A.M. of the 9th (Fig. 12).
Damp and warm southerly and easterly winds now prevailed over the
whole of Central and Northern India, and on this and the following
day rain fell over the greater part of the North-west Provinces, the
Eastern Punjab, Central India, and Chutia Nagpur, up to the confines
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of Bengal, and suow on the North-west Himalaya,  This rainfall tract
1 indicated by the shaded portion of the chat.

When the rain ceased, on the 10thy a bawd of high pressure was
established from the Tndus valley across Rajputana and Central Indin,
amd cool west and northewest winds prevailed for adiy or two in the
Punjub and Northowest Provinees, as wsually happens after falls of vain
at thix season, But this Jdid vot last Tong, and Tater on the trough
asain extended with a repetition of the rain,

The sccond instanee s ol a ditterent kind and more
typical of the storms of the cold season, although in some
1‘1'5])(*(’1% 1‘1'111;11‘]\';1\)]1' ;H]ll, in one, \lll])rl‘l'l'llt‘ntml. I n('('\n'l'ml
towards the end, viz. between the 22d and 28th of the
same month, Jannary 1885,

.
)
P

Froo 12 —Weam Csant voue Tooaoa,, 20h Jannary 18<00

On the 224 and 23d the barometer fell rapidly over the Indus
valley to a minimuwm in Upper Sind, Rajputana, and the Punjab, and
on the 230 and 24th rain set in over the whole of these provinees.
On the 25th a well-defined evelonic depression appearsl in the
Punjab, as vepresented in Fig. 13, which is the weather chart for 10
Aot of that day 3 while in Bengal, Assam, and Burmah the pressure
rose from 0°1 to 0-15 inch. A high harometrie gradicnt was theretore
established from east to west over Northern India, and steady southerly
winds blew over the whole of Tndia.  Up to the forenoon of the 25th,
the rain, which had ceased in 8ind and Western Rajputana, extended east-
wards over Guzerat, Fastern Rajputana, Central India, the whole of
the Punjab, and the Gangetie plain as far as Cawnpore and the east of
Oudh.  Heavy snow fell on the Himalayi, and continued without in-
termission till the 27th, and on the Latter day extended to the high
plain at the foot of the Himalaya above the Salt Range, so that
at Rawalpindi, on the nizht of the 27¢h, the grouml was covered to
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a depth of 4 inches. No such occurrence has been recorded either
previously or since at so low a level.  On the 26th, 27th, and up to
the 28th, a barometric minimum continued to occupy the Punjab, the
pressure rising, however, from a minimum of 29:65 to 30 inches, while
the rain continued extending eastward, the weather clearing up in the
west ; so that, on the afternoon of the 27th and forenoon of the 28th,
rain was restricted to Bengal, Assam, the Himalaya, and the Upper
Punjab.  Probably, thercfore, the main disturbance had moved east-
wards over Tibet,

On the 28th a spell of eold weather with north-west winds set in
over Northern India, the temperature falling for several days, and the
Jowest temperatures of the year were registered in the first week of
February @ at Simla and Darjiling the lowest on reeord.  In all prob-
ability this cold was the effect of the enormous snowfall which, as
mentioned above, descended to lower levels than has been recorded on

Fra. 14—~ WeATHER CHART ror 10 A.M., 26th Febrary 1881,

any other occasion. A similar but less intense spell of cold weather
invariably follows a storm of this character, and the distribution of
pressure and the winds which accompany it are so characteristic, that
the weather chart on one such occasion is almost exactly reproduced
on any other. Fig. 14 represents an occurrence of this kind on the
26th February 1881, and in their main features that of the day
which followed the storm of January 1883 and that published in the
Simla weather report of the 22d Fcbruary 1888 arc almost exactly
similar,

These instanees will suttice to illustrate the chief vieissi-
tudes of the weather of the cold season in Northern India.
Warm close weather with light southerly winds precedes
the storm.  Then follows rain ; and if the disturbance is one
of those that first appear in the Indus valley and thence
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travel castward, the wain, which always falls 1o the cast and
north of the depression, also travels eastward. Unless the
conrse of the stornn is much more to the south than is
wsually the case, more or less heavy snow falls on the
Himalaya : and when the storm has passed away, the havo-
meter vises rapidly in the northewest and cold weather

Pra, o= Avinact Barosprrie axn WiNp Coarre ron Mav,

follows, with novth-west winds in the upper provinees and
casterly in the peninsulas the winds blowing elockwise
around the antievelone which 13 then tormed over North-
western India.  If, however, the depression be formed over
Western or Central India 1t is sometimes more persistent,
and produces little or no snow on the Himalaya ; and in such
cases it is often not followed by cold weather.

Weather of the Hot Season.—The prevalent weather

[y
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of the hot season is determined by the heating of the land
surface and the consequent reduction of atmospheric pressure
in the interior of the country below that of the surrounding
seas. The distribution of pressure thus resulting is illustrated
in Fig. 15, which represents the normal barometric and wind
chart for the month of May. The general arrangement of
the isobars in this chart vesembles that in the July chart (Fig.
4, p. 26), a broad trough of low pressure running obliquely
across Northern India, with the isobars of higher value
surrounding it coneentrically on the east- and south. But
the greater intervals between these and the higher value
of that encircling the region of minimum pressure indicate
that the gradieuts are less steep, and therefore, as has
been explained at page 25, the winds, shown in the Figure
by arrows of varying length in proportion to their steadiness
of direction, are less strong and steady. In the peninsula,
too, there is a marked difference.  In the May chart they
formn a southerly loop, contorming generally to the form of
the land, which is not the case in July. It indicates
that the pressure in the interior of the peninsula is lower
than on either coast: the winds, in accordance with the
eyclonie law, arc therefore from south on the ecast coast
and from Dbetween west and north-west to the west of the
loop.  These latter are dry winds, and accordingly, throngh-
out Western India, from Sind as far south as Belgaun, it is
very seldom that there is even a slight shower all through
the spring months, Farther south, however, they have
more the character of sea winds, and on the east coast,
where they are from the south, they are decidedly sea
winds.  But at this season the winds are light over the
sea, and the air drawn from the Bay of Bengal, though
damper than that of Western India, is by no means so
damp as it afterwards becomes in the stronger current of
the swmmer monsoon. In the south and east of the
peninsula, in Bengal, Assam, and Burmah, some rain falls
1n the spring months, but chiefly in the form of short-lived
afternoon thunder-storms, and not continuously for a day
or two, except on the comparatively infrequent occasions of



208 CLIMNATES AND WEATHER OF INDI

eyclones heing formed over the bay awd travelling thenee
to the land,

In North-western India, as in the west of the peninsula,

o
11—\

the chief winds of the hot season are land winds from
hetween west and north=west, but Tess steadily i May than
in Mareh and April. They become less steady as the
harometer continnes  falling i the  Punjab, Sind, and
Western Rajputana, but they occur at intervals up to .lhv,
setting in of the mins and sometimes even ddnreie the many
.\‘u:lsux? i=elf.  Meanwhile the sea winds, which are pre-
dominant in Benwal, aradually peneteate farther inland along
the faee of the Himalivie and the northerns margin of the
barometrie depression o the Ganges valleve  Accordingly,
as westerly or casterly winds have for the time the mastery,
an 1he hol season of Northern Indin alternates hetween dry
heat, seorching but not intolerable, and the less intense but
fur more oppressive damp - heat, which is only occasionally
relieved for a few hours by a thunder-shower or simply
dust-storin,

These little storms do not originate with any great loeal
disturhanee of the hivometer. They ocenr when the baro-
meter is low, and e more frequent on the east and north
of the tract of lowest pressure, along the toot of the Hiuna-
Lava, in Beneal and espeenally in Assam, than elsewhere;
lh.ut is to =ay, where southerly anmd easterly winds pre-
dominate. li\'ul'ywlu-rv they are most frequent in the
neichbourhood of hills,  The chavacteristie features of these
slu‘rms, and the velation of the nor'-westers of Bengal 1o the
dust-storms of North-western Tudia, have alveady been (lt."
seribedd in the seetion on storms in the tirst part of this
work.! .

Cyelones seareely everaceuar in Marveh,and seldom in April,
on Indian seas north of the Equator.  In the former month
there are bt two recorded instances in the Bay of Bengal,
and in April T find but nine in considerably more than a
century.  All these were formed in the south of the bay,
and but two reached the shores of Bengal; both in the last

! Page 81,
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week of the month. The remainder either passed westward
across the coast of Madras, or from the Andaman sea north-
ward over Pegu. In May, storms of this elass are more
common.  Including those of all degrees of severity, six
have been recorded by Mr. Eliot in the 10 years, 1877-1886.
Of these, two passed westward across the Madras coust ;
one on a west by north course from Balasore Bay to Central
India, the usual track of monsoon storms ; one northward
across the Sunderbuns and over Jessore; one, originating to
the west of the Andamans, reached the Arakan coast north
of Akyab; and one trom the south-west of the bay travelled
north-westward to the mouths of the Xistna and Godavery,
and then turning to north-east, skirted the Eastern Ghats of
the Northern Circars, and finally reached Behar,

Of the May storms sufficiently severe to have attracted
notice in years anterior to 1873, and which have passed
over the land of some part of India and its dependencies,
the following are extracted from the list published in the

1877 volume of the Jowrnal of the Asiatic Socicty of
Dengal —

1787. Coringa.  Very destructive | 1840, Orissa coast.
storm wave, 1841,  Madras,
1811, Madras. Great loss of ship- | 1843, Ongole.
ping. 1844, Noakhally and Chittagong,
1820.  Muadras, across peninsula. 1819.  Chittagong,
1823.  Balasore. 1851, Madras,
1827.  Madras. 1842, Sunderbuns, cast of Calentta.
1830.  Felt slightly at Caleutta. 1858. Across  peninsula. Also
1832, Gangetic delta. Destinetive Chittagong and Dacca.
storm-wave, 1869.  Across Beugal.
1833, Mouth of Hooghly. Storm | 1872, Madras.
wave, 1874.  Madras,
1834, Kyaukpyu.

Hence it appears that, in May, cyclones may be experi-
enced on any part of the coasts of the Bay of Bengal, but
that the coast of Madras is especially subject to them at
this season.  See also Fig. 26 (p. 231,) and the list of May
eyclones in Appendix 11,

Ou the west coast of India, cyclones are altogether less
common; but according to a list drawn up by Mr. F, Chambers,

P
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they would seem to he rvelatively more sooin the spring
months than at the elose of the wonsaon,— He l'llllllll‘l':l.l\‘.\‘
two in Maveh, wine in April, and thivteen in May, ont of a
total of T4 storms, But exeeption being made of those
that have crossed the peninsulic from the Bay of l'n‘]l:__"':l.l,
and which became greatly weakened in the course of ther
transit, they have been felt only on the coast bodo not
find any instanee of a storm travelling inland from the
west const of Tndia at any time of year. N

Weather of the Summer Monsoon.- The tramsition
from the hot season to the rins is gradual only o Assan,
aned to a0 less extent in Bengal and Aradan. In.\\'vslvrn‘
North-western, and Central Tuding wheve Tand winds e
vail, more or less, all through the hot S't‘:lN(lll| the ("l:lllj_fl? 18
rapic 3 a few days only of Tl damp winds aud ealims beiny
the forerunner of the mousoon.  In some seasons, a ll:l‘\" or
two of riny weather oceurs in these provinees about e fort-
nicht li('f()l':‘, the tmonsoot sets i pertanentiy, and is called
[h: “chhoti barsit 7 or = littde rains”™ 10 i, however, by n.n
means o recular phenomenon. When 1t oecurs, it 18
generally the result of anearly evelonie storm, similar to
?lu».w which are frequent during the monsoon, and is due o
an early and short-lived invasion of the monsoon, Ttoas
ann\\'\‘il( by o re-establishment of the ind winds 7w sequenes
that sulm:limm‘ happens also in the middle of the r:.nn.\",
season, but this latter s then called = o Dreak e the rams,

In Beneal, the avernge date for the setting o of the
rains is lh‘c second week in o Junes The bavometer falls
steadily for three or four days beforchand, tll it :l]»]b]'“il(".ll‘ﬂ
its anmual minimum ; and the raintall often sets i with
a small evelonie storm, giving squally weather at the head
of the hay. This sometimes carries the rain at onee up 1o
Behar, :lnl(l even further to the north-west, hut as it rule
it takes from a week to a fortnight to extend to the North-
west Provinees and the Kastern Punjah,

On the Bombay coast, the mains usually set in in the
first week of June, a few dayvs earlier than in Bengal, and
quickly extend to the Central Provinees, and afterwards
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to Rajputana and Central India.  On the Malabar coast
they begin some days carlier than in Bombay, hut do not
extend very copiously heyond the Western Ghats ; and in
Mysore, the ceded distriets of Madras, the Decean and
Hyderabad, more rain falls when the strength of the mon-
soon to Northern India relaxes, than when the interior
plateau of the peninsula is swept by a strong current from
the west coast. In Pegnand Arakan the rainy season sets
ina week or so earlier than in Bengal, on an average, Imt
not invariably.

The change, that takes place in the general distribution of
the atmospheric pressure and winds on the sctting in of the
monsoon, Will be hest understood by comparing the May chart
on apreceding page (Fig. 15) with that for July (Fig. 4,p. 26).
From May to June or July, the barometer falls 01 or 015
inch lower in Northern India, and vises 005 ineh on the
Travancore coast; and the southern loop of the isobars, in the
peninsula in May, disappears in July, these lines running
obliquely across the peninsula from coast to coast.  The
western branch of the monsoon blows st radily and strongly
across the peninsula as far north as the Satpuras, as is in-
dicated by the lengths of the wind arrows on Fig. 4 less
strongly over the Central Indian platean up to the Ganges
valley.  In the latter and the Punjab, east winds predominate:
ut the whole region enclosed by the isobar 295" is one of
barometric depression and generally light winds,  Over the
castern half of this depression, and in Bengal and Assam,
much rain falls without much loeal barometrie disturbanee,
espectally during the low stage of a surge ; hut heavier falls
oceur at intervals along definite belts of country, which are
traversed hy cyelonie storms, formed either over the head of
the bay, or locally in some part of the permanent depression.
The tracks of these storms are, with rare exeeptions, between
west and north-west, and they succeed one another at
longer or shorter intervals all through the monsoon ; reaching
i some cases only as far as Central India or the North-west
Provinees, but also o¢ asionally to the Punjab, Sind, or
Kathiawar; whenee, in some rare instances, they pass out
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o the novth of the Arabian Sea, with inereasing intensity,

el give rise to storay weather on the Gwadar coast. ,
'l.'hv\'t‘ cvelonie storms are so important o feature of the

rainy H\‘:l\‘u.ll, aml intuence so greatly the distrbution of the

Froe 1n—Weatier CHAR roi 10 a8, sth Septemler Issl
ol thiat o more detadled notice of one or two nstaees
will much factlitite @ due comprehension of the character-
istic weather of this season,

Fics, 16 to 14 pepresent four stages of a storm that travelled l'r}nn
the Bay of Bengal to the Punjab and Sind at the close of the rainy

Fro IT.~-WeEAatniR Cianrt ror 10 Ao, 10th september 1ss2,

seasont of 1882, It was formed over the head of the Dbav, off the
Oris=a coast, on the 6th and 7th September, reached the l’nn_iulf on the
14th, and tinally disappearad in Upper Sind on the 18th, having thus
lasted at least 12 days. It Lrought heavy main to Orissa on the Tth and
8th, while in E;l.-tcr’n and Northern Bengal but little fell 5 as is usually
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the ease when the ventre of the storm lies so far to the south. But in
the Central Provinces there was heavy general wmin from the 8th to
the 11th ; in Central India on the 11th and 12th ; in Northern Raj-
putana up to the 13th; and jn the Punjab between the 10th and
15th.  On the other hand, the North-west Provinees, Oudh, and Behar,
which lay at a distance to the north of the track, had little or no

Fra, 18, =WEATHER CHART ¥OR 10 A.M., 11th September 1882,

rain; and in Bowbay there was a break of about a week from the
13th to the 20th, wnd the same in Hyderabad.,  The minfall of this
period or the greater part of it was therefore concentrated in the
storm.  The barometric depression in this storm, at least in its carlior

2 A
: V;f"\é\k,

Fro 19.—WeatHER CHART FOR 10 a0r, 14th Septemlber 1882,

stages, was somewhat greater than usual, and its duration was more
prolonged.

Figs. 20 to 23 vepresent four staces of a storm that followed an
almost due westward track, at the beginning of the monsoon of the
following year, 1883. A full description of it, illustrated by charts of
the weather for each day, was published by Mr. Eliot in the 53d

volume of the Juurnal of the Asiatic Society of Bengal. Tt originated
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on the 27th June, hetween 20 and 21 worth lat, and 89 and 907
cast long and during the next two davs moved very .\ln\\‘l‘\' at hetween
2oand 5 owiles an houry onoa north west cotese to Badasore By,
erossing the coust on the evening of the 20th, While still over the
By, the south-west and south winds of the sontl and east quadrants hiuld
the foree of @ strong wade (10 o L on Beaufort's seales 0 while to the

Fra. 20, Weatner Cianr ror 10 v, vath Jdne s,

north and west, the north-easterly and westerly winds were only
noderate to strong (3 to 5) 5 the barometrie depression at the centre
amounted to somewhat less than half s iuel,

On reaching the Tawd its course heeame almost doae west, andd this

Froio 21— Wiataer Cnagy rok 10 aonn, suth June I,

direction wis maintained across the whole wilth of the peninsula, at
a rate of alout 15 miles an hour during the greater part of the dis-
tance, hut reduced to not more than 8 miles an hour while traversing
the hilly country that intervenes between Orisst and Sambalpure. Its
ill[\‘llsi{\' also, ;l; indicated ]l}' the ll(“l['(‘\\i“ll of the barometer ad its
rentre, was reduend by nearly two-thinds in this part of its course:
but it reeruited its strength, on heinge fed by the monsoon current
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from the Bombay coast, and after passing out to the Arabian Sea, it
regained its original cyclonic force. The centre passed north of Cut-
tack and Sambalpur, close to Seoni, Indore and Bhuj; after which, on
the morning of the 3d July, it left the land, travelling out to the
south of Kurrachee. During the transit, the winds were strongest
and the rainfall heaviest to the south of the central track.  To the north

Fio. 22, —WEATHER CHART FOR 10 A, M., 20 July 1883,

of it, in equal proximity to the centre, the rainfall was not more than one-
fourth as heavy. The strength of the wind in difterent parts of the
storm was very variable ; where strongest it did not exceed 43 miles
an hour on the average of 24 hours, and at very few places amounted

Fra. 23, —WEATHER CHART FOR 10 A.M., 3d July 1883,

to 25 miles. At one station it appears to have been as high as 64
miles an honr on .the average of six hours, but this is the only instance
of an inland station where it had the force of a strong gale until the
storm again approached the sea.

There do not appear to have been, in this storm, any of those
exceptionally high minfalls of 20 or 30 inches in the 24 hours that
have been registered on certain other similar occasions. The highest
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noticed by Meo Eliot are 10:05 inclies on the 3 daly at Bajkote, and
ot inclhies on the 20th June at Pooree, Bt there was an avenige
of 615 inches over the whole Pooree subalivision of the Cuttack dis-
teict, 45 nelies over that of Cattivk, and 266 inches over that of
Balasore on the Tatter of these daya s wwd of 1006 inches, 106 inches,
atd TR inches pespectively on the sane subdivisions in the three
davs 28th to 20th June, o the Conteal Provinees, an avevage of

613 inchies fell on the Nagpur subdivision, 57 inches on that of

Bhandara, 519 on that of Chlimdwar, and 6:26 on that of Nimar in
the space of two davs,

Falls of equal and even grenter ammount e not in-
frequent on the Satpura range inoevelonie storms at this
seasor, and at intervals of 2ok 3 vears they prodonee heavy
flonds in the Tapti and Nerbudidie vivers, sometimes cirusing
crent destruction, Arrancements have been neode by the
Meteorological Department to telegraph such ocenprences to
the districts on the Jower course of these rivers, and thus to
prepare them in some measire to et the threatened
catastrophe,

A storm, which followed o track almost identical with
the above, oceurred .\'«']'l('lll]wl‘ 1878, All these were
comparatively Tong-lived storms<: the majority do not 1ravel
Bevond Centenl Tudi or the North-west Provinees s and, afier
viving those provinees Tor 2 days of heavy main they disappear.

At the beginning and end of the monsoon, and also during
stasons of drought in Upper Indin, when there is prolonged
suspension of the rains, and westerly Tl winds hold sway
in Rajputana, Central T aned the western halt of the
Cangetie plain, storms formed over the head of the bay
sometitnes take a more northerly  course, across Bengal.
Such was the case with four storms e suceession in \ugnst
1877, the Near ol the Tast great dearth o the Novth-west
Provinees; aml one it Nugust 1880, 0 month which was
also one of prolonged drought and, both o the anomalous
distribution of pressure and the unseasonable prevalence of
land winds in Upper India, closely rescinbled  the same
month of 1877, In May and the tirst halt of June, in
September and October, the usual course taken by eyelones
front the head of the Tay s northerly,
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Temporary interruptions of the rains, during which the
monsoon falls weak, and ceases to penetrate Upper India,
occur in all years, hut, as a rule, do not last wany days,
But in the years just mentioned, and in 1883, they lasted
several weeks, and west and north-west winds, similar to
the characteristic winds of the hot season, blew all over the
Upper Provinees, in Rajputana, and Central India ang,
even, for a time, into Berar and the Deccan.  On all such
oceasions a very characteristie feature appears in the isobars
of the weather chart, which is often referred to in the
reports as “a shoulder of high pressure” in Western India.
It consists in the greater northern protrusion of the north-
ward hend of the isobars in Ruyjputana and Central ludia,
and the somewhat greater obliquity of their slope from west
to cast. 1t is not always so marked as to be readily seized
by s unaceustomed eye, unless by comparison with a nor-
mal chart, or with one of a day of well-distributed and
normal rainfall; but thoueh small, it is always significant.
[t means that the harometrie pressure in Western India is
higher than wusual, relatively to that in the cast of the
country, in Bengal and Chutia Nagpur, and that the winds
of this part of India are more northerly than is usual at
the time of year. Now, it is this slight northing of the
westerly winds that distinguishes the dry cwrrent coming
from Baluchistan and Afghanistan from the rain-hearing
monsoon of the Arabian Sea, and therefore indieates the
replacement of the latter by the former.  Generally this is
assoclated  with another feature of equally unfavourable
import, viz. the northward displacement of the axis of the
low pressure trough of Northern India to near the foot of
the hills.  This means that the easterly winds from the bay
of Bengal, which prevail only to the north of that axis, fail
to penctrate as usual up the Ganges valley, and, therefore,
that the castern branch of the monsoon is withheld from
the Upper Provinees.  The accompanying chart of the 9th
Aungust 1882 (Fig. 24) is a good illustration of these ab-
normal features.  On this oceasion there was a prolonged
break in the rains from the 5th to the 20th of the month,
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noticed by Mr. Eliot are 1005 inches on the 3d July at Rajkote, and
9-44 inches on the 29th June at Poorce. But there was an average
of 615 inches over the whole Pooree sulddivizion of the Cuttack dis-
trict, 4'5 inches over that of Cuttack, and 266 inches over that of
Balasore on the latter of these days; and of 10'58 inches, 98 inches,
and 768 inches respectively on the same subdivisions in the three
days 28th to 30th June. In the Central Provinces, un average of
6-13 inches fell on the Nagpur subdivision, 57 inches on that of
Bhandara, 5°19 on that of Chhindwara, and 6-26 on that of Nimar in
the space of two daya.

Falls of equal and even greater amount are not in-
frequent on the Satpura range in cyclonic storms nt this
season, and at intervals of 2 or 3 years they produce heavy
floods in the Tapti and Nerbudda rivers, sotmetimes causing
great destruction. Arrangements have been made by the
Meteorological Department to telegraph such occurrences to
the districts on the lower course of these rivers, and thus to
prepare them in some measure to meet the threatened
catastrophe.

A storm, which followed a track almost identical with
the above, occurred in September 1878. All these were
comparatively long-lived storms; the majority do not travel
beyond Central India or the North-west Provinces ; and, after
giving those provinces 1 or 2 days of heavyrain,they disappear.

At the beginning and end of the monsoon, and also during
seasons of drought in Upper India, when there is a prolonged
suspension of the rains, and westerly land winds hold sway
in Rajputana, Central India, and the western half of the
Gangetic plain, storms formed over the head of the bay
sometimes take a more northerly course, across Bengal.
Such was the case with four storms in succession in August
1877, the year of the last great dearth in the North-west
Provinces; and one in August 1880, a month which was
also one of prolonged drought and, both in the anomalous
distribution of pressure and the unseasonable prevalence of
land winds in Upper India, closely resembled the same
month of 1877. In May and the first half of June, in
September and October, the usual course taken by cyclones
from the head of the bay is northerly.
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Temporary interruptions of the rains, during which the
monsoon falls weak, and ceases to penetrate Upper India,
occur in all years, but, as a rule, do not last many days.
But in the years just mentioned, and in 1883, they lasted
several weeks, and west and north-west winds, similar to
the characteristic winds of the hot season, blew all over the
Upper Provinces, in Rajputana, and Central India and,
even, for a time, into Berar and the Deccan. On all such
occasions a very characteristic feature appears in the isobars
of the weather chart, which is often referred to in the
reports as “a shoulder of high pressure” in Western India.
It consists in the greater northern protrusion of the north-
ward bend of the isobars in Rajputana and Central India,
and the somewhat greater obliquity of their slope from west
to east. It is not always so marked as to be readily seized
by an unaccustomed eye, unless by comparison with a nor-
mal chart, or with one of a day of well-distributed and
normal rainfall; but though small, it is always significant.
It means that the barometric pressure in Western India is
higher then usual, relatively to that in the east of the
country, in Bengal and Chutia Nagpur, and that the winds
of this part of India are more northerly than is usual at
the time of year. Now, it is this slight northing of the
westerly winds that distinguishes the dry current coming
from Baluchistan and Afghanistan from the rain-bearing
monsoon of the Arabian Sea, and therefore indicates the
replacement of the latter by the former. Generally this is
associated with another feature of equally unfavourable
import, viz. the northward displacement of the axis of the
low pressure trough of Northern India to near the foot of
the hills. This means that the easterly winds from the bay
of Bengal, which prevail only to the north of that axis, fail
to penetrate as usual up the Ganges valley, and, therefore,
that the eastern branch of the monsoon is withheld from
the Upper Provinces. The accompanying chart of the 9th
August 1882 (Fig. 24) is a good illustration of these ab-
normal features. On this occasion there was a prolonged
break in the rains from the 5th to the 20th of the month,



218 CLIMATES AND WEATHER OF INDIA

during the whole of which time the charts exhibited these
peculiarities of the isobars.

It was observed on a previous page that the serenity of
the weather of a great part of Northern India is rarely dis-
turbed during the 2 or 3 months that follow on the cessa-
tion of the rains in September or October. This is strictly
true of Upper India, but somewhat less so of Bengal In
this province and Assam, the rains last well into October,
and both in this and the early part of the following month
severe cyclones from the bay sometimes reach the province.
Indeed some of the most destructive storms on record have
occurred in October and November, although several years

FI6. 24.—WEATHER CHART POR 10 A.M., 0th August 1882,
may pass without such a visitation. But October is often
a stormy month in the bay, and even though the hurricane
core of the storm- may not reach its northern shores, no
great disturbance occurs in any part of the bay that does
not make itself felt in Lower Bengal by close damp weather
and cloudy skies. The signs and prognostics of these
storms will, however, be more fitly noticed in the next
section of this work.

When the monsoon has ceased to blow to Upper Indig, ‘

that branch which comes from the bay is still directed for
a few weeks towards the north-east of the peninsula; but
feebly and with frequent intermission. Mr. Eliot records
nine cyclonic storms in the months of September and October,
and two in November, in the 10 years 1877-1886, that
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crossed the coast between the Chilka lake and the mouths
of the Godavery. Of these, one only traversed the whole
width of the peninsula. The remainder either broke up
against the KEastern Ghats or shortly beyond, or were
diverted northward towards the Central Provinces or
Chutia Nagpur. Hyderabad and the Deccan districts of
Bombay enjoy, therefore, greater immunity from storms of
this character than either Northern India or the south of
the peninsula. In the Northern Circars, at the foot of the
Eastern Ghats, the September or October rainfall is the
heaviest of the year; but in Bustar, Hyderabad, and the
Deccan, the rainfall of this season is small, and so soon as
the westerly branch of the monsoon ceases to predominate,
it is replaced by light north-easterly winds, with little or
no rain.

About the middle of October or somewhat later, the
heavy rainfall of the year sets in on the Madras coast. As
in Northern India in its rainy season, so also here, much of
this rain is attended with but little local barometric disturb-
ance. But little cyclones and cyclonic storms are frequently
formed over the south-west of the bay, and travel to the
Madras coast, and though small, are sometimes locally de-
structive. The more severe cyclones of this month and
November usually originate at a greater distance from land,
either half-way across the bay, or still farther east, in the
neighbourhood of the Andamans and Nicobars; and al-
though the majority of them take a course about west by
north towards the Madras coast, they occasionally travel
northward up the bay, and reach the shores of Bengal.
The disastrous Caleutta cyclone of the 5th October 1864,
that of the 1st November 1867, and the Backergunj
cyclone of the 1st November 1876, are well-remembered
instances of such storms. The process of formation, and
the subsequent movements of those that originate in the
south-west of the bay, can generally be watched and traced
from day to day by the indications of the barometers and
the wind changes at Trincomalee, Negapatam, and Madras.
These stations being at no great distance from the storm
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cradle, the barometer fulls steadily during their incubation ;
and the wind directions, taken in conjunction with the
relative rates of fall of the barometers at the different
stations, afford a fair indication of the storm’s position.
Warnings are now sent to the coast ports from the Calentta
office, the meteorological reporter for Bengal having special

Il‘.xlr ’fauf;l‘[‘l e
Fig. 25.—S1MLA WEATHER CHART OF THE 20TH JULY 1888, 8 A.uM.

charge of the storm warning system for all the coasts of
the bay.

Weather Reports.—The Indian daily weather reports
having been frequently referred to in the foregoing pages,
and many of the daily charts given in illustration of certain
characteristic states of weather, the signification and utility
of these reports and charts will be fairly well understood
by any one who has studied the preceding descriptions of
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the weather, and the explanation of its constituent elements
as set forth in the first part of the work. It may, there-
fore, suffice in this place to recapitulate in due order the
tabular statistics of one of these reports, with references to
those pages of this work in which each of them is ex-
plained ; and, in conclusion, to give one more example of a
chart, casually selected from the recent issues, drawing
attention to the chief points worthy of notice. I must
suppose that the reader has one of these reports before him,
the sheet being too large for reproduction on these pages.
The chart which illustrates it is given on a reduced scale
in Fig. 25.

The report for the 26th July 1888 gives telegraphic reports from
96 stations, despatched shortly after 8 aM. Those of three.other
stations which are deficient, together with all other deficiencies in the
reports of the month, are published in a supplementary issue at the
end of the month,

Col. 1 shows the readings of the barometer at 8 A, corrected to
the Calcutta standard (p. 21) and to the temperature of freezing
(p. 21), and except in the case of hill stations, to its equivalent value
at the sea-level (p. 23). These readings are the data from which the
isobars, showing the distribution of atmospheric pressure at 8 a.M. of
the 26th July, are laid down on the chart, Fig. 25 (see p. 24). Col.
2 gives the changes of the barometer since the same hour on the
preceding day, when, therefore, as regards the regular diurnal varia-
tion, it was in the same phase. In this report, nearly all the readings

8howW & Tise, greatest at the most northerly stations, Sialkot, Rawal-

pindi, and Peshawar, where it exceeds 0'2 inch; and least on the
west coast of the Konkan, where it amounts to only 002 or 0-03
inch. Thisis an instance of a surge (pp. 22, 200). Its effect has been
to diminish the barometric gradient (p. 24) from the west coast to the
Punjab and Sind, which determines the strength of the western branch
of the monsoon towards Upper India ; since the barometric difference
is reduced by nearly 0-2 inch. But the tract around Allahabad has
not shared in the general rise of pressure ; in this direction, therefore,
the gradient is slightly increased, and therewith the strength of the
winds towards it.

Cols. 3 and 4 give the wind direction at 8 A, and its mean rate
of movement per hour during the preceding 24 hours. These are in-
dicated on the chart by arrows, and the number of the feathers (from
1 to 7) show the strength or velocity of the wind according to a scale
printed below the chart. A calm is represented by a cross.

Cols. 5 to 9 give the temperature of the air at 8 A,m., the highest
and lowest temperatures of the previous 24 hours, as recorded by self-
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registering thermometers ; the mean of the two, as representing ap-
proximately the mean temperature of the 24 hours ; and the difference
of this mean temperature and that given in the report of the previous
day. These changes are not very great in the rainy season, and they
depend very much on rain, the air being cooled by rain, and becom-
ing warmer again on its cessation.

Cols. 10 and 11 show the relative humidity of the air (p. 46 ) at
8 AM, and its increase or decrease since the same hour of the preced-
ing day. As the air becomes drier, so does the prospect of rain
diminish, and vice versd. As a general rule, the humidity increases when
the temperature falls and decreases when the latter rises.

Col. 12 gives the estimated cloud proportion (p. 61) at 8 A.M,
on the scale 0 to 10. 0 indicates a cloudless sky, and 10 one entirely
overcast.

Cols. 13 to 16 are the rainfall data—viz 1st, the rain measured at
8 A.M., that had collected in the gauge during the previous 24 hours ;
2d, the total quantity registered at the station since the 1st June,
(ie. approximately that of the summer monsoon up to date) ; 3d, the
average of the same period deduced from the registers of past years ;
and 4th, the excess or deficiency of the actual fall as compared with
this average. The rainfall of the 24 hours at any station is shown on
the chart by a small circle over the position of the station, with an
inscribed figure if the fall has exceeded half an inch.

Col. 17 contains a single word or short phrase descriptive of the
general character of the weather during the previous 24 hours,

The chart gives a general view of the state of the weather as regards
the three important elements—barometric pressure, winds, and rainfall.
Temperature, humidity, and cloud proportion may also be represented
on a chart, but they are omitted to avoid overcrowding and confusion,
and any features of importance are noticed in the remarks on the first
page of the report.

If we compare the chart (Fig. 25) with the normal chart for July
(Fig. 4, p. 26) an important difference appears in Northern India.
The trough of low pressure which, in the normal chart, extends
obliquely across Northern India, occupying nearly the whole of the
Ganges basin as far east as Behar and the confines of Lower Bengal, is
divided, in Fig. 25, by a shoulder of higher pressure occupying the
western half of the North-west Provinces and Oudh; and its eastern
balf is extended so as to include nearly the whole of Behar and Bengal.
Within this are two small cyclonic systems, indicated by the wind
arrows, the one with its centre between Allahabad and Benares,
tolerably definite, and further indicated by a small oval isobar; the
other less distinct, but apparently centring between Berhampore and
Purneah, and indicated only by the wind arrows. In both, the
barometric depression is very slight, amounting to only a few hundredths
of an inch, as is frequently the case in these local depressions in
the rains; but their influence is shown, not only by the winds, but
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also by the concentration of the rainfall of Northern India around
them. . The more easterly of the two first appeared on the chart
of the 23d, two days previously, and was short-lived, since it
had entirely disappeared from that of the 27th, having probably
amalgamated with the western depression. This latter was much
more durable. It originated about the 18th, off the coast of the
Sunderbuns, and in the.course of eight days had travelled very slowly
to the position, between Allahabad and Benares, shown in Fig. 25. It
lasted some ten days longer, moving slowly westward to between Agra
and Jhansi, still concentrating around it the greater part of the rainfall
of Northern India. Simultaneously with its advance from the coast, was
formed the shoulder of high pressure noticed above, viz. on the 23d ;
and, on this day, & break of the rains set in in the Punjab and lasted
until the 28th, when the former began to yield to the encroachment
of the advancing storm. During this time, north-west winds prevailed
at Delhi, Agra, and Jeypore, and a strong south-west wind blew over
Lower Sind and Guzerat, as shown by the six feathered arrows, which
indicate a mean rate of over 26 miles an hour. The greater part of this
current appears to have been diverted eastward across Rajputana, to
feed the rainfall around the depression. On the 28th, another very
slight depression, similar to that of the 18th, appeared over Bengal,
and like the former, moved westward and amalgamated with its fore-
runner on the 1st August, with the effect of recruiting its strength.
It finally disappeared between the 3d and 4th,

During the fortnight or 16 days that these changes were in progress,
the strength of the western branch of the monsoon varied considerably,
accordingly as the depression in the North-west Provinces became
enfeebled or recruited its strength. The Bengal branch was weak
throughout after the 22d, and was chiefly directed towards Arakan.

THE STORMS OF INDIAN SEas

Piddington's Work.—At a time when the science
of storms was in its infancy, and long before, even in
the western homes of science, there existed any official
organisation for collecting information on the meteorology
of the ocean, the spontaneous and patient labours of Henry
Piddington laid the foundation of our knowledge of the
storms of Indian seas. For this work, in so far as
regards the collection of marine observations and the inter-
pretation of their teachings in language that appealed to the
minds of seamen, his own early seafaring experience gave
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him an advantage which he turned to the best account;
and his name is deservedly held in honour as that of a
pioneer of science, and a benefactor whose claims to the
gratitude of at least two generations of sailors in Indian
seas stand unquestioned and universally recognised. The
practical rules laid down by him for the guidance of seamen
have undoubtedly been the means of saving many a ship
from destruction, and if these rules are in some respects
defective, and his conception of the nature of cyclonic storms
erroneous, it must be borne in mind that, in his day, the
whole science of meteorology was so little advanced, that even
had he lived less remote from the centres of scientific activity,
it would not have been possible for him to bring the results
of his work into harmony with the physical laws of the
atmosphere as we now know them. That the winds blow
in circles around a storm centre, as taught by Reid and
Piddington, is, as we now know, only a rough approxima-
tion to the actual facts, even in high latitudes, and
in low latitudes is considerably wide of the truth; and
practical rules based on that assumption may, therefore,
seriously mislead in tropical seas; still, the work done by
Piddington in ascertaining the directions in which storms
usually travel, and in describing their premonitory indica-
tions, is of very great value, even admitting, as we must do,
that his preconceived idea that the winds blow in circles
sometimes led him astray in his conclusions.!

1 In the charts that illustrate Piddington’s later Memoirs, the observed
wind directions are not shown ; but as the logs that furnish the data are
given in full in the text, it is easy for any one to lay them down for himself,
and he will then find, not only that they afford ample evidence that in these
storms, as in all those since observed, the wind really blew in spirals, but
that, this being admitted, many of the difficulties which Mr. Piddington
met with, and which obliged him sometimes to suppose that two or more
storms existed simultaneously in near proximity to each other, disappear. His
fourteenth and fifteenth Memoirs give good instances of this. And in his first
Memoir, in which he deduces a west-south-west track for the storm of the 3d to
5th June, 1839 (a track of which I find no other example in all the records
before me), it is obvious that, when once it is admitted that the winds blow
in spirals, the course of the storm was in a northerly direction, indeed almost

due north, not an uncommon course at that time of the year.
It must be evident to any one who goes carefully through Piddington’s

STORMS OF INDIAN SEAS 225

The general characters of cyclones have already been
described briefly in the first part of this work. In the
present section, which is written for the practical guidance
of seamen more especially, it will be necessary to notice
them more in detail, with reference to their local characters
and their relative frequency and behaviour at different -
seasons ; and in the first place, I shall deal with the storms
of the Bay of Bengal.

1. THE BAY oF BENGAL

Storm Seasons in the Bay of Bengal—The following
table of cyclones of the Bay of Bengal was drawn up from
the records available up to the end of 1876. At that time
little was known of the less severe cyclonic storms of the
summer monsoon, and, with a few exceptions, they may be
considered as omitted from the list, having failed to attract
prominent notice. As will presently be seen, when they are
included, the summer monsoon, instead of being compara-
tively free from storms, is found to be the stormiest time of
year; but except that the bay is swept by the strong south-
west gale that feeds them, they are restricted to the north
of the bay and to the coasts of Orissa and Bengal.

NuMEBER oF RECORDED CYCLONES ON THE BaY oF BENGAL UP TO 1876

January . . . 2|May . . . 21 September . . 6
February. . . O|June . . . 10(October . . .81
March . . . 2]July . . . 8| November . .18
April . . . 9lAugust . . . 4| December. . . 9

Total, 115 storms.
February is the only month in the year in which no storm.

Memoirs on the Law of Storms that he never sought to evade or ignore the
difficulties and apparent inconsistencies that presented themselves in his
evidence. But his method was faulty, and of this he was unaware. Having
assumed the truth of the view that the winds blow in circles, he determined
the position of the storm or storms on that assumption, often on quite insuf-
ficient evidence ; and if one storm centre would not fit in with the wind
observations, he assumed two, and regarded the result as proving the truth
of the original assumption. He scems never to have had the alternative of
spiral winds present in his mind, and although he admits the occasional in-
curvature of the winds, he regards it as exceptional and irregular,
Q
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has been recorded in any part of the bay. The two January
storms occurred in the first week of the month, in the ex-
treme south of the bay, one passing over Pondicherry, the
other over Trincomalee and the southernmost districts of the
peninsula. Both of the March storms occurred in the last
week of the month on the Madras coast. It may therefore
be said that, during the two and a half months from the 7th
January to the 26th March, storms were, so far, unknown
in the bay; and as appears from Mr. Meldrum’s investiga-
tions, this is precisely the season when they are most fre-
quent in the South Indian Ocean.

All the April storms of the above list, with two excep-
tions, both in the last week of the month, all the December
storms and those of the last half of November, were entirely
restricted to the southern half of the bay. But later ex-
perience has shown that the north of the bay does not
enjoy complete immunity from stormy weather up to the
early days of December; since, in 1883, an ill-defined
cyclonic disturbance of no great severity, and producing but
a slight depression of the barometer, was formed at the end
of November in the south-east of the bay, and traversed
its entire length to the Eastern Sunderbuns and Cachar.
And again, in 1885, a storm formed off the coast of Ceylon
on the 14th and 15th November, after moving towards the

~ Madras coast, turned away to the north-east, and reached
the Arakan coast, near Akyab, on the 23d.

The cyclonic storms of the winter and early spring, that
first appear in North-western India and travel eastward
(p. 87), very rarely reach to the Bay of Bengal. There
has been, however, one recent instance of such a storm, the
only instance of the kind on record. At the end of January
1888, a storm crossed India, on an east-south-east course,
from Baluchistan to Gopalpur, and thence passed across the
bay to Akyab.

According to our present experience, then, with the
single exception just noticed, the northern half of the bay
is always quite free from storms from the end of the
first week in December to nearly the end of April, an

)
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interval of about four and a half months, and they are very
rare after the middle of November. In March and April
strong south-west winds, sometimes amounting to a moderate
gale, blow at the Sand-heads and in the north-east of the
bay, but they are not cyclonic at sea.

In May and the first half of June, and in October and
November, cyclones may occur in any part of the bay (see
Figs. 26 to 28); but in the first half of May the large
majority are restricted to the southern half; in the second
half of the month, though formed in the middle or south of
the bay, they more frequently travel to the coasts of Orissa
and Bengal. In the first half of October, they are about
twice as frequent on the coasts of Bengal and Orissa as on
those of Madras; in the second half these relative propor-
tions are reversed; and in November storms are comparatively
rare in the north of the bay. In June, one cyclone has been
recorded at Madras and one at Akyab. All others have
affected Bengal and Orissa and their coasts. And the
cyclonic storms of the summer monsoon have all been formed
either in the north of the bay (generally between False
Point and Chittagong) or over the adjacent land.

Hence, for two months at the beginning of the storm
season, viz. in March, April, and the first half of May, and
again for two and a half months at its close, viz from the
middle of October to the beginning of January, the southern
half of the bay is chiefly or exclusively the stormy region.
The intervening months, including the whole of the summer
monsoon, are the stormy season of the north of the bay.
~ The relative frequency of storms in these latter months
will be better shown by the following table, drawn up from
the lists prepared by Mr. J. Eliot, of the storms recorded on
the Indian weather charts from 1877 to 1886. It includes
all the severe cyclones and the milder or smaller cyclonic
storms of those years, excepting, perhaps, some whirls of
small magnitude that have been promptly dissipated, and
those formed over the land which have not been fe'1t as
cyclonic in any part of the bay, though, for the time bein
they have increased the strength of the monsoon, &
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CycLONES AND CycLoNic STORMS ON THE BAY orF BENGAL IN THE TEN

YrARs 1877 to 1886, FRoM MAY To DECEMBER INCLUBIVE

May . . . . . 6 September . . .17
June . . . . .11 October . . 10
July . . . . . 18 November . . . . 16
August . . . .17 December . . . .4

Total, 99 storms.

Place of Formation, Tracks, and Rate of Travelling.—
So much with regard to the seasons at which the seaman
may be prepared to encounter stormy weather in the north
and south of the bay respectively. I shall now notice, in
more detail, the parts of the bay in which storms originate,
the directions in which they move, and their rate of pro-
gression. We shall see that, while courses between west-
north-west and north-west are much more common than
others, exceptions sometimes occur in which they deviate
very considerably from these most usual directions; but even
the exceptions do not surpass certain limits, and with the
single exception of the January 1888 storm, noticed on
page 226, all storms yet recorded have travelled towards
some point of the compass comprised between west and
north-east.

The following results are mainly deduced from the work
of Mr. John Eliot, who has made a special study of the
storms of the Bay of Bengal, under far more advantageous
circumstances than were ever at Mr. Piddington’s command.
The data are more extensive than any that have yet been
brought to bear on the questions at issue. Not to mention
his elaborate and detailed Memoirs, and those of Messrs.
Willson, Pedler, and others, describing the life history of
several of the more striking and important cyclones of late
years, Mr. Eliot has given lists of all the recorded storms,
of all degrees of severity, that have occurred during the last
ten years, together with charts of their tracks. All these,
in addition to Mr. Piddington’s Memoirs, have been consulted
in drawing up the following swmmary. Lists of all the
storms referred to and their principal data, summarised in the
following tables, are given in Appendix IT. at the end of this
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work, and Figs. 26, 27, and 28 are charts of the tracks in
the three months May, October, and November,

In order to exhibit in the most convenient form those
results that are of most importance to seamen, I have sum-.
marised them in four tables, showing for each month from
May to December the following data :—

1. The number of storms that have originated in each
square of 4° of latitude by 4° of longitude.

2. The number that have been experienced in each
square of 4°x 4° This includes, in addition to
the cases of the first table, all those in which the
vortex of a storm has traversed any portion of a
square,

3. The directions of the storm tracks. In this table
storms that, in the course of their passage across
the bay, have changed their direction through two
or more points, appear in more than one column,

4, The rates at which storms have travelled across the
bay. Here again the same storm sometimes appears
under different headings. Probably in mest, if not
in all cases, a storm moves forward from its place
of origin at first slowly, and advances more rapidly
as it approaches the land ; but it is only in a small
number of instances that the available data show
such an increase as to double or treble the initial
rate thus determined.
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TABULAR SUMMARY oF RECORDED STORMS ON THE BAY OF BENGAL, ACCORD-
ING TO THEIR PLACE OF ORIGIN, AND THE PARTS OF THE BaAY
TRAVERSED BY THE CENTRAL VORTEX.

StorM8 ORIGINATED StrorMs EXPERIENCED BE.
o BETWEEN LATITUDES TWEEN LATITUDES

Month §§ N
ontns, - : . . .
g'go s | 1S 8 8| sja|s|g]d
3 S|gl|l8 8|8l 31g(8|8]|z=
Cle X8|l “°|ea|2l=2lg
80to 84 1 2 0 0] ... 1 4 4 1..
April and 84to 88 0 1| 1| 0 0 1] 1 1 2/ 8
May 88to92| O 1| o} 2( 21| 0¢( 1 17 31 8
92to 96| O 0 0 0 0 0 0 0 1 1
J 84to88| O] 0y of Of 21 0} 0} 0| 2| 7%
une 88to92| 0| O of 4| 7[ 0| o] of 5|10
Jul 84to88) 0| O O O 0| O[ 0| O 4|18
y 88t092| 0] o| o 6|15] 0] o] o 5|16
80to84| O} O] O] Of...|] O} o] O 1] ...
August 84to 8 0 0. 0| 2|1 0] 0] 0] O 8|11
88to92f 04 O] Of 112 O 0 O] 212
80to 8| 0| 0] 0] Ofj..{ O] 0f O] o} ...
84to 88| O 0 0 2 1 0 0 0]13(11
September 3 88t092{ 0| 0| 0|11 | 5| of o] 2({13] 8
92to 96) O O 2 1 0| Of 0] 2] 1} o
80to84) 01 1y 2y 0}..] 0] 2 g 6] ...
84to88| O 0| 21 8| 0| O 2 10 7
October 1 lg3to92| 1| 8| 2| 8| of 1] 4| 5| 9| 8
92to 96| 0| O 1 2) 0ol O o} 0| 2 1
80to 84| O 4( O] O} .. 0y 71 81 1} ...
84to 88| 1) 3} 2] 0 0| 1| 71 4| 3| o
November 88to92| 0 2| O 1| of O 8| 1| 3] 2
92to 96| 0| 4 0O 01 Of O 4| 8] 1! o
96t0100| O 0 1 of... 0 0 1 11 ...
80to84] 1| O} O} O 21 2| 1 17...
December 84to88| 0] 1| Of O0f 0] 0} 1 11 21 0
88to92) 0/ 0] Of 1| 04 O] Of O] 1| 1

DirEcTION OF TRACK AND RATE OF PROGRESS OF STORMS ON THE
BAy oF BENGAL

DiRECTION OF MOVEMENT, Mires per HoUR.
z . . - N
Months. z | B | o [ o [
E|E |5 |8 |52 (8|8 s|5]¢
BB (™2 SRR AR RN
Apriland May| 0] 1 31 4 2 2| 1 1] 2| 6| 1] o
June . .} 80 0 2 68| 27 4] 0| o 41 4| 11 0
July . 81 6| 8| 6| 1{ 1| ol of 7112t 1| o
August . 1 8] 4y 1) 2/ 2| of{ 1] 6] 8] 0] 2
September 27101 41 61 3| 11 of o| 8 9| 4 2
October . 2( 8 8} 4| 5, 8| 8| 1| oj14f 8 1
November 1 2 8| 65 4 ! 5| 4 1 5(13| 7 1
December 0} 0 1} 3| 1 Py 1] 0 1) 81 17 1
Total 12 2533 (33|20 24| 9| 4|33|64| 28] 7
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The first and second of the above tables entirely confirm
the conclusions already drawn from the 1876 list of storms
(p- 225), as to the parts of the bay in which storms are
liable to occur at different seasons; and these need not be
repeated. But it must be observed that these tables show
the positions of the storm vortex only, where the winds are
of hurricane violence (force 10 to 12), and stormy weather,
with winds of force 6 to 8, prevails far to the east and
gouth of the storm centre, but only to distances of 150 to

- —an
- ———

F16. 26.—8TORM TRACKS OF MAY IN THE BaY oF BENGAL.

200 miles to the north and west. On this point some
further information will be given presently.

The third table shows that the most usual direction, in
which storms travel, is to west-north-west and north-west.
In the months of the south-west monsoon (from July to
September), nearly all move on some path between west and
north-north-west ; and only in May and the last three months
of the year, especially in October and November, are those
to north and north-east at all common; the latter, with
one exception in November, only in the northern half of
the bay. The accompanying Figures 26, 27, and 28, show
the storm tracks of these three months.
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F1a, 27.—8ToRM TRACKS OF OCTOBER IN THE BAY OF BENGAL.

The fourth table shows that the rate at which storms
travel across the bay does not, as a rule, exceed from 4 to

Fia, 28.—BrorM TRACKS oF NOVEMBER Ix THE BAv or BeNcaL.

8 miles an _hour. The chief exceptions, exceeding these
rates, occur in September, October, and November. The
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highest rate recorded in my list of storms (with one doubt-
ful exception) is 14 or 15 miles an hour, which was satis-
factorily determined by Mr. Pedler as that of the False
Point cyclone of the 22d September 1885, when travers-
ing the north-west corner of the bay.

Incurvature of Winds and Bearing of the Storm
Oentre.—The next point I shall notice is one of extreme
importance to the seaman, viz. the bearing of the storm
centre with reference to the direction of the wind, since he
must depend on this, even more than on the fall of his
barometer, for judging of his position in the storm, w
and what course to pursue in order to escape
from the violent winds that blow immediately
around the central calm. The most convenient ©%
way of expressing this relation is to suppose a %
line drawn from the ship’s position to the centre “\
of the storm, and another line intersecting it, ‘\‘

8

which shows the direction of the wind, and to
- determine the angle between them. Thus let s @
in the acc?mpanying Figure 29 be the positionf;g-?é-glg‘:;-
of the ship, ¢ the storm centre, and ws the Cevme
direction of the wind at s; then sc is the bearing of the
storm centre, and wsec the angle to be determined. Accord-
ing to the view held by Reid and Piddington, this angle is
a right angle, and the practical rules for avoiding the
centre, laid down by these writers, are based on that
assumption. But, as already remarked, Mr. Piddington’s
own data, whenever they are sufficient for determining
the position of the centre, cannot be reconciled in many
cases with that view, and, as his Memoirs show, he was
sometimes driven to suppose that two storms existed,
side by side, in order that the observed wind directions
might conform to those required by his theory. As a fact,
abundant experience shows that the winds blow in spirals,
in towards the centre of the storm; and, in low latitudes,
in tolerably sharp spirals, as shown in Fig. 8, p. 85; and, on
this ‘point, observation accords with the theory of wind
movements as developed by Mohn and Guldberg,
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In order to determine as nearly as possible the law
of the wind's incurvature for the Bay of Bengal, I have
measured with a protractor the angle wsc (Fig. 25) on the
numerous storm charts published at different times by the
Meteorological Offices of India and Bengal, rejecting none on
account of any apparent discrepancy with theory, excepting
one or two cases, in which it would appear that the wind,
as reported, has been reversed in direction. I have re-
stricted the measurements to wind observations inade at
sea, or at good observatories on the coast, since there is
reason to believe that the incurvature is greater on the land
than at sea; and I have taken the means of all the
measurements with the following results :—

132 observations between N, lat. 15° and N. lat. 22°, within 500
miles from the centre, give for angle wsc the mean value 122°.
12 observations between N.lat. 15° and N. lat. 22°, within 50
miles from the centre, give for angle wsc the mean value 123",

68 observations between N. lat. 8° and N. lat. 15°, within 500
miles from the centre, give for angle wsc the mean value 129°.

The observations within 50 miles of the storm centre in the =

south of the bay are too few to afford any trustworthy
result.

These results show (1) that, in the north of the bay,
running before the wind, and with the wind due aft, the bear-
ing of the centre is, on an average, about 3 points before the
port beam ; and (2) that this relation holds good at all distances
Jrom the centre, as far, at least, as the winds are stormy ;!
(3) that, in the south of the bay, the bearing to port is from

1 Such, as stated in the text, is the result shown by the storm charts for
the Bay of Bengal, and a similar apparent constancy (with greater incurvature)
was found by Professor Loomis for the typhoon of the 20th October 1882, which
passed over Manilla. But it must be mentioned that as the result of a very
extensive discussion of storms both in the tropics and the temperate zone,
Professor Loomis finds that the incurvature of the winds decreases as the centre
is approached, and he remarks, ‘“ This change in the angle of inclination is
not simply an occasional occurrence, but is an invariable characteristio of
great and violent storms.” Theory leads to the same conclusion. It is
probable, therefore, that such is also trae of the storms of the bay, but the
difference is probably small, and it wonld require a more accurate determina-
tion of wind' direction and the position of the storm centre than is usually
available to determine its amount.

)

)
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half a point te a point less than in the north of the bay, |
or on an average between 33 and 4 points before the port
beam. Fig. 8 represents the wind directions in a cyclone
in the north of the bay as expressed by this law.!

These, then, are the average results of actual experience,
As far as they go, they are conformable to theory, for theory
requires that the incurvature should be the greater the
lower the latitude, and also probably greater on the land
than on the sea, owing to the greater friction of the wind
on the irregularities of the land surface. But individual
observations sometimes deviate widely from this average
This may, in some instances, be due to an error in the
position of the ship; but in any case the law would only
be strictly true if all storms were circular vortices, and this
we know not to be the case. As a general rule, it appears
that their form is rather oval than circular; and, moreover,
there are frequently local irregularities and changes in the
barometric pressure in these storms, all of which must in-
fluence the local wind directions. It becomes necessary,
therefore, to ascertain from the observations what amount
of deviation from the law must be reckoned on as probable,
and for this due allowance must be made. The deviation
may be such that the real position of the centre may be
either less or more than 3 points before the port beam
of a ship running before the wind, and both are equally
likely.

Now I find from the 132 observations recorded in many
different storms in the northern half of the bay, that the posi-
tion of the centre, as inferred from a single observation, is
subject to a mean error of 21° or about 2 points before or
aft the average direction. So that the utmost that can be
inferred from such an observation is, that the centre probadly

1 These measurements show & smaller amount of incurvature than that
determined by Professor Loomis, on the evidence of the Indian storm charts.
His method of procedure, however, is different, since he determines the angle
betwoen the wind and the nearest isobar, and the majority of his measure-
ments are made on land observations of the winds. To this last circumstance
the difference is no doubt chiefly due, The method I have adopted seems
more suitable for practical seamen, and the result is, I think, more ugeful,
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lies somewhere between 1 and 5 points before the port beam,
under the conditions above specified. :

This amount of uncertainty, however, holds good only of
observations made generally at any distance within 500
miles of the storm centre, and is partly due to errors of the
ship's position, which would not affect any judgment of the
bearing of the storm centre formed on the spot. Within
50 miles of the centre, when the winds are of hurricane
violence (force 12), the observations show a much closer
agreement, and that the true position of the storm centre, in
the north of the bay, may be judged to lie between 2 and 4
points before the port beam of a ship running before the wind.

In the south of the bay the storm centre bears more to
leeward. In storms off the coast of Ceylon it is probably
between 2 and 6 points before the port beam. And since
the amount of deviation depends on and varies with the lati-
tude, it may be expected that the same rules hold good for
similar latitudes in other tropical seas north of the equator,
and, substituting starboard for port, in tropical seas of the
southern hemisphere; but not for storms in any higher
latitudes. ]

The Barometer in Storms.—It has been, and perhaps
is still, a common belief that the barometer falls steadily
for many hours, if not days, before the approach of a cyclone,
and hence that a careful watch on the behaviour of the
barometer should put any one in a position to anticipate
and prepare for the coming storm. As a fact, this holds
good only when a cyclone is forming in the neighbourhood ;
if the cyclone is travelling up from a distant part of the
bay, the local barometer is often quite unaffected until the
appearance of the skies and the characters of the wind and
weather alone are such as to leave little room for doubt that
a cyclone is approaching, and at no great distance; and even
when, as sometimes happens, a slight fall for a day or two
precedes the advent of the storm, it is no greater than such
as constantly occurs at all times of year, when it has no
special significance. Before the great Calcutta cyclone of
the 5th October 1864, there was no appreciable fall of the
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parometer until 8 PM. of the 4th, 164 hours before it
reached its lowest point; and before the False Point cyclone
of the 22d September 1885, in which the barometer fell
lower than has ever before been recorded at the sea-level,
although there had been a slight fall from the 18th, the
whole amount of that fall up to the afternoon of the 21st
was scarcely more than one-twentieth of an inch, and the
mercury column rose and fell with the daily tides till 104
hours before the central calm passed over the station. It
was not till 8 p.M. of the 21st that a steady fall set in, but
the weather had begun to assume a threatening appearance
between 4 and 5 P.M., the wind being from north-east and
blowing fresh in squalls, with a heavy overcast sky and heavy
banks of clouds rolling up from north-east.

The observations of ships in the north of the bay, when
a cyclone is advancing from the south, afford similar ex-
perience. ‘Thus, on the approach of the Midnapore and
Burdwan cyclone of October 1874, the Coleroon pilot-vessel
at the Sand-heads had the barometer, at 4 P.M. of the 14th,
somewhat higher than on the previous day at the same
hour ; it then began to fall slowly, but no rapid fall set in
till 10 a.M. of the following morning, when it had been
blowing a gale for 9 hours; and at 1 p.M. the central calm
passed over the ship. And in the case of the May cyclone
of 1887, in which the pilgrim steamer Sir John Lawrence
foundered, the barometer on board the P.V. Cassandra, at
the same station, remained quite unaffected when the ad-
vancing storm centre was but 200 miles to the south-east,
and began to fall slowly only at 2 AM. of the 25th, when
the centre had approached to within 120 miles. From this
time to noon, when its distance had decreased to about 50
or 60 miles, and the force of the wind had increased from
6 to 10 on Beaufort’s scale, the total fall was only about
one-tenth of an inch. Three hours later the ship was in
the central calm of the storm, the barometer having fallen
in the interval nearly 1 inch.

When we compare the curves, plotted from barometric
readings recorded at short intervals during the passage of
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lies somewhere between 1 and 5 points before the port beam,
under the conditions above specified. :

This amount of uncertainty, however, holds good only of
observations made generally at any distance within 500
miles of the storm centre, and is partly due to errors of the
ship’s position, which would not affect any judgment of the
bearing of the storm centre formed on the spot. Within
50 miles of the centre, when the winds are of hurricane
violence (force 12), the observations show a much closer
agreement, and that the true position of the storm centre, in
the north of the bay, may be judged to lie between 2 and 4
points before the port beam of a ship running before the wind.

In the south of the bay the storm centre bears more to
leeward. In storms off the coast of Ceylon it is probably
between 2 and 6 points before the port beam. And since
the amount of deviation depends on and varies with the lati-
tude, it may be expected that the same rules hold good for
similar latitudes in other tropical seas north of the equator,
and, substituting starboard for port, in tropical seas of the
southern hemisphere; but not for storms in any higher
latitudes. ]

The Barometer in Storms—It has been, and perhaps
is still, a common belief that the barometer falls steadily
for many hours, if not days, before the approach of a cyclone,
and hence that a careful watch on the behaviour of the
barometer should put any one in a position to anticipate
and prepare for the coming storm. As a fact, this holds
good only when a cyclone is forming in the neighbourhood ;
if the cyclone is travelling up from a distant part of the
bay, the local barometer is often quite unaffected until the
appearance of the skies and the characters of the wind and
weather alone are such as to leave little room for doubt that
a cyclone is approaching, and at no great distance; and even
when, as sometimes happens, a slight fall for a day or two
precedes the advent of the storm, it is no greater than such
as constantly occurs at all times of year, when it has no
special significance. Before the great Calcutta cyclone of
the 5th October 1864, there was no appreciable fall of the
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barometer until 8 P.M. of the 4th, 164 hours before it
reached its lowest point; and before the False Point cyclone
of the 22d September 1885, in which the barometer fell
lower than has ever before been recorded at the sea-level,
although there had been a slight fall from the 18th, the
whole amount of that fall up to the afternoon of the 21st
was scarcely more than one-twentieth of an inch, and the
mercury column rose and fell with the daily tides till 104
hours before the central calm passed over the station. It
was not till 8 P.M. of the 21st that a steady fall set in, but
the weather had begun to assume a threatening appearance
between 4 and 5 p.M., the wind being from north-east and
blowing fresh in squalls, with a heavy overcast sky and heavy
banks of clouds rolling up from north-east.

The observations of ships in the north of the bay, when
a cyclone is advancing from the south, afford similar ex-
perience. Thus, on the approach of the Midnapore and
Burdwan cyclone of October 1874, the Coleroon pilot-vessel
at the Sand-heads had the barometer, at 4 p.M. of the 14th,
somewhat higher than on the previous day at the same
hour; it then began to fall slowly, but no rapid fall set in
till 10 aM. of the following morning, when it had been
blowing a gale for 9 hours; and at 1 P.M. the central calm
passed over the ship. And in the case of the May cyclone
of 1887, in which the pilgrim steamer Sir John Lawrence
foundered, the barometer on board the P.V. Cassandra, at
the same station, remained quite unaffected when the ad-
vancing storm centre was but 200 miles to the south-east,
and began to fall slowly only at 2 AM. of the 25th, when
the centre had approached to within 120 miles. From this
time to noon, when its distance had decreased to about 59
or 60 miles, and the force of the wind had increased from
6 to 10 on Beaufort’s scale, the total fall was only about
one-tenth of an inch. Three hours later the ship was in
the central calm of the storm, the barometer having fallen
in the interval nearly 1 inch.

When we compare the curves, plotted from barometric
readings recorded at short intervals during the passage of
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different cyclones, such as that of the Midnapore (1874)
storm, represented in Fig. 30, we find' that they have this
character in common. The barometer begins to fall steadily
as soon as the winds become strong and squally (force 6 to
8), which may be when the storm centre is yet between 100
and 200 miles distant. For some hours, the rate of fall
increases but slowly; but at length, when the centre has
approached to within from 20 to 50 miles (according to the
extent of the vortex), and when the winds have increased to
hurricane force (12), the fall suddenly becomes very rapid,

Fresh gale ,hurricane moderatin

39.

a8.§

37.5

F14. 30.—~BAROMETRIC CURVE IN THE MIDNAPORE CYCLONE, 1874,

and so continues till the central calm reaches the station.
After its passage, these phenomena are repeated in the re-
versed order. The rise is rapid until the hurricane core of
the storm has passed, and then slower till the winds have
fallen to the strength of an ordinary fresh breeze, and the
barometric pressure has become nearly normal. Frequently
the rise is somewhat slower than the fall, but not invariably,
as this was not the case either in the Calcutta cyclone of
1864 or in the False Point cyclone of 1885. It probably
depends on whether the intensity of the storm is increasin
or diminishing during its passage. '
These characters are distinctive of those fierce and
destructive storms to which I have restricted the term
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“cyclone.” Tn those which I havetermed “ cyclonic storms,”
the hurricane core and its central calm are not developed,
and neither do the winds at sea exceed the strength of an
ordinary gale (6 to 9), except sometimes to the east and
gsouth of the storm centre, nor does the barometer at the
centre fall more than three or four-tenths below its reading
outside the vortex. Mr. Eliot, who first drew particular
attention to these distinctive features, describes the more
violent class of storms in the following words :—

“They may be described as comsisting of three parts; an outer
storm area, an imner storm area, and a central calm, In the outer
storm area the weather is very similar to that in the smaller storms
of the rains, The winds circulate in the usual spiral manner, and
their direction and shift enable the sailor to determine the bearing of
the centre with approximate accuracy, especially when he is near the
inner edge or is approaching the inner storm area. In the outer storm
area winds are more or less violent, frequent squalls occur, the.z sea is
high, and there are strong currents, such as always obtain in any
cyclonic storm at sea. The barometer falls very slowly, aqd ‘sta.m!s
very little lower than its ordinary height at the season. Within this
outer storm area is the inner storm area, usually of much smaller
extent, surrounding the central calm area. In it the barometer falls
with great rapidity from the inner edge of the outer storm area to the
calm central area. . . . The transition from the inner storm area to
the calm centre is always very sudden and sharply marked. The
transition from the outer to the inner storm area appears also to be
more or less sharply marked, but to a much less degree than [the
former] Within the inner storm area the winds are of hurricane
force, the squalls and rainfall of excessive violence, and the sea
tremendous. The weather in the calm centre is too well known to
require description. In many of the largest cyclonic storms in the
bay, the sky is frequently almost clear over a portion of the calm
centre, the atmosphere hazy, and the sun or [stars] visible.”

Weather around the 8torm Area.—There is a marked
distinction in the character of the weather to north and
south of a cyclone in the Bay of Bengal. Cyclones are
generated and fed by the damp stormy south-west wind that
blows from the equatorial sea and, when it prevails right up
the bay, is known as the south-west monsoon. Hence,
whenever a cyclone or cyclonic storm is in process of forma-
tion, or is travelling across the bay, this wind prevails
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everywhere to the south of the storm, and as a south or
south-east gale far to eastward of the vortex. For a dis-
tance of 400 or 500 miles in these directions the weather is
squally and rainy with strong winds, and these conditions
continue until the storm is exhausted or has reached the
land and travelled far inland. But beyond a couple of hun-
dred miles or less to the north and west, the weather re-
"1nains fine, often calm and sultry, during the formation of the
cyclonic vortex, and up to the time when, in its advance, its
outer margin reaches the place of observation; which is, as a
rule, when the centre of the storm is not more than 200
miles distant, and sometimes less. Thus, before the storm
of the 15th October 1874, a strong north-east breeze, the
first effect of the approaching vortex, was experienced at
False Point when the storm centre was but 180 miles dis-
tant; and at Saugor Island, although other premonitory
signs were not wanting, there was no bad weather until the
centre had approached to within 150 miles of the mouth of
the Hooghly. Also, before the great Calcutta cyclone of
the 5th October 1864, the weather was fine at the Sand-
heads and the wind light from the east up to the night of
the 3d, when the storm centre was 270 miles to the south.
In the night the wind increased to a fresh breeze, but fell
light in the early morning, and it was not until some hours
before noon that it again freshened, and in the afternoon
increased to a gale, with a falling barometer. At this time
the centre had advanced to within 200 miles of the pilot
station. The experience afforded by other storms is of a
similar character.

But although to the inexperienced eye there may be little
either in the behaviour of the barometer or the appearance
of the weather in the north of the bay to give warning of
an approaching storm, such approach is always heralded
by significant indications, which may be duly noted by the
observant seaman. A still oppressive atmosphere or light
variable winds from between north and east, followed after
a day or two by light easterly winds, a strong westerly set
of the current across the head of the bay, and by a long
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swell from the south-east; light wisps of cirrus cloud
moving from south-west and gradually thickening to a sheet
of cirro-stratus, through which the moon shines surrounded
by a luminous corona; a ruddy glow in the atmosphere,

_especially at sunrise, and a low dark bank of clouds on the

south-eastern horizon, lit at night by distant lightning, are
among the commonest and most ominous signs of the brew-
ing storm. Their validity has been abundantly verified
and confirmed, not only by frequent remarks in the logs
that, at different times, have been sent in to the Meteor-
ological Office, after cyclones in the bay, but also by the
long observation of Mr. S. R. Elson, an experienced branch
pilot on the Hooghly establishment, who for many years
past has given close attention to the weather signs of the
north of the bay, and, in his little work ZThe Sailor's Sky
Interpreter, has embodied them in a metrical description
which is well worthy of attention. Waterspouts are some-
times formed in the still vapour-charged atmosphere that
broods over the surface of the bay, before it is stirred by
any in-draught towards the advancing vortex.

Practical Conclusions and Rules for Guidanoe.—It
now remains to show how the foregoing information may be
turned to useful account by seamen navigating the Bay of
Bengal in the stormy season. Obviously, the main point is
to avoid being involved in the hurricane core of the storm,
which, perhaps, never exceeds a couple of hundred miles in
diameter, and is generally much less. This, at least, may
often be accomplished, even though it may be impracticable
to escape the gale of the outer storm, which blows for a
distance of 100 to 150 miles beyond it to the north and
west, and to a greater distance to the east and south of
the hurricane vortex. And, first, let us consider the case
of ships running up from the south with a strong south-
west wind, occasional squalls and rain, and a slowly-falling
barometer, indicating that bad weather prevails somewhere
to northward. If this happens any time between the middle
or even the beginning of June and the middle of September,
it is almost certain that the position of the storm vortex is

5 , b
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somewhere to the north of lat. 16°; if in July or August,
probably not farther south than lat. 19°, though there have
been one or two exceptions to this rule. Since storms, at
this season, move on tracks between north and west, and in-
deed, with rare exceptions, between west-north-west and north-
west, the best course for a sailing vessel will be to keep away
to the east, with a view to rounding the eastern quadrant and
getting the advantage of the south and south-east winds to
run up the bay. But care must be taken not to run up
too rapidly and to get involved in the storm before it has
moved far on its westerly course. On reaching the neigh-
bourhood of the vortex, and, in any case, if the weather is
getting rapidly worse, it is best to lie to, or, if the vessel
be a steamer, to run to eastward till the storm has
travelled to a distance. This will be indicated by the rising
barometer, and by a general improvement in the weather.
In May, October, and November, the cyclone may be in
any part of the bay, and the best guides to its position are—
the rate of fall of the barometer as the ship holds on its
course, and the direction of the wind ; bearing in mind the
rule that, running with the wind, the centre lies not at right
angles or abeam, but probably between 1 and 5 points
before the port beam, if in the north of the bay; between
2 and 6 points in the latitudes of Madras, Ceylon, and
the Nicobars. In these months, storms still most frequently
travel to north-west, but the possibility of their course being
to north or even north-east must be taken into account, in any
attempt to sail round the eastern quadrant of the storm (see
Figs. 26 to 28, pp. 231, 232).) In any case, to run directly
before the wind is to be carried infallibly into the heart of
the storm, for the rate of the storm’s progress is, as a rule,
much less than that of ship driving before the storm wind.
Now, to turn to the north of the bay. A ship leaving
the Hooghly, in the months from June to September, will be
amply warned by the easterly winds and falling barometer,

1 On this passage, Captain Henry Toynbee remarks, ‘I would advise,
whenever running in a Northern Hemisphere cyclone, to keep the wind well
on the starboard quarter, when foreo, etc., will permit it.”
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in any case by the storm signals at the telegraph stations, of
the state of the weather in the north of the bay. In July
and August it is unlikely that the winds in any part of the
storm will be of hurricane strength, but there is always a
possibility that a cyclonic storm, even in these months, may
temporarily develop into a small cyclone with its hurricane
core and central calm, and it is better to avoid the risk of
encountering it. The storms of this season almost always
travel towards Balasore Bay and False Point (rarely, and
only during prolonged breaks in the rains of the upper
provinces, northwards to the Sunderbuns); so that, when
such a storm is forming at the head of the bay, a ship
running down to south will probably get into the thick of
it. In June and September, some of the most violent
cyclones have visited the shores of Bengal and Orissa.

In May, October, and November, the birthplace of the
storm is generally far down in the bay, and it has time to
develop into a furious cyclone before reaching the coast. A
shipmaster, proceeding to sea in these months, should give
careful heed to the premonitory signs of the weather noticed
in a preceding paragraph (p. 240), and detailed more at
length in Mr. Elson’s little work. Storms are less common
in May than in the subsequent months, but such as do
occur are, as a rule, very severe and destructive. It may
be noticed that, in the list of notable cyclones on p. 225,
the number recorded in May is much greater, proportionally
to those of other months, than is the total number of storms
as exhibited in the table of storms of all degrees of severity
on p. 228. An east or north-east wind at the head of the bay

~ in May, with a strong westerly set of the current at the

Sand-heads, is very ominous.

If, in any of these months, the weather experienced at the
mouth of the river is already squally, the wind rising in
gusts, and low long-drawn masses of cloud are driving before
an easterly wind, it is certain that the storm is not far
distant, and a prudent seaman will remain at anchor under
shelter of the land until the worst is over. If, however, he
have proceeded to sea with apparently fine weather, but
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such as warns him that a cyclone is brewing to southward,
all that he can do is to watch the changes of the wind and
his barometer, and-—remembering that, in these months, the
course taken by a cyclone is somewhat uncertain, and though
most likely to be north-west, may be in any direction
between west and north-east, and that its rate of progress
may be anything between 4 miles and 12 miles an
hour—to estimate the bearing of the storm centre and its
probable course, according to the directions and information
given in the preceding paragraphs, and to take his measures
accordingly. His position is then a critical one, requiring
close observation and the greatest judgment. If the course
of the storm should happen to be to west or north-west, by
running to south-west he incurs the risk of crossing its path
and finding himself involved in the inner vortex, possibly
the centre; whereas, if he lies to, and the storm should be
moving northward, there is the chance of its overtaking him,
with the like result. Probably the best alternative, on
nearing the storm, is to heave to, until the wind, which we
may suppose to be at north-east, shows a decided tendency
to veer to east-north-east (indicating that the storm is
travelling on a north-west or west-north-west course, to the
south of him), or to back to north (which will be the case if
the storm is moving northward, and to the east of his
position). In the former case, he should remain hove to on
the starboard tack. In the latter, as soon as the wind is
decidedly north, he may safely run to south-west, keeping
the wind as much as possible on his starboard quarter. In
doubtful cases it may be better to remain hove to, since, as
Figs. 26 to 28 and also the track table on p. 230 show,
even in these months more storms move to north-west
and west-north-west than to north and east of north. He
must bear in mind that, with the wind at north, the
probable bearing of the centre is between east by south,
and south-east by south of his position; with the wind at
east-north-east it bears probably between south by east
and south-west by south of him in the north of the bay; or
a point more to the west in the south of the bay.

£
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Ships lying in the Madras roads or off any of the
Carnatic ports, when a cyclone is near at hand, approaching
from the bay, usually try to run to south round the western
quadrant. Sailing ships, under such circumstances, have
probably not much choice, since it might be impracticable
for them to make sufficient way against the strong north
winds and currents of the north-western quadrant to escape
the vortex of the storm; especially if it happens to be
travelling towards some point to the north of the port.
But in the case of steamers, leaving Madras as soon as the
barometer begins to fall steadily, and when the storm centre
is yet at a distance of 100 or 150 miles or more, it may be
a question whether the safer course is not to steam full
power to north-east, and thus avoid the risk of encountering
the vortex, since with the wind at Madras from north or
north-north-west the storm may be moving towards
Pondicherry. In judging of the direction and course of the
storm, it is most necessary in this case to bear in mind that,
in this latitude, running with the wind, the centre is prob-
ably as much as 4 points before the port beam, and that.
its course is generally between west by north and north-
west. Thus, eg. in the storm of the 5th to 9th November
1886, the wind at Madras was north-north-west, when the
storm centre bore east by south at a distance of 250 miles;
and at Negapatam due west, with the centre bearing east-
north-east at a rather greater distance; and 24 hours
later, when -the centre bore about 80 miles north-east
of Madras, the wind at that station was due west. Most of
the cyclones that reach the Madras coast in May, October,
and November are formed off the coast of Ceylon; but
occasionally, as in the instance just mentioned, a storm,
generated to the west of the Andamans and Nicobars, crosses
the bay on a course nearly due west. V

Ships leaving Rangoon or Moulmein, and encountering
stormy north-east winds, with a falling barometer, indicating
the existence of a cyclone in the Andaman Sea, will do well
to delay their departure until the storm has passed over the
land, should it take a northerly course, or until it has
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crossed the islands into the Bay of Bengal on the more usual
track to the north-west. This will be indicated by the rise
of the barometer and the wind changing to east and south
of east.

2. THE ARABIAN SgaA

Our knowledge of the storms of the Arabian Sea is still
very imperfect. Some few notices of them are to be found
in Mr. Piddington’s Memoirs; one has lately been investi-
gated by Mr. Eliot, and made the subject of a memoir
in the official publications of the Indian Meteorological
Office ; and a remarkable storm that traversed the whole
length of the Gulf of Aden in June 1885 has been noticed
in several European publications, and is now being fully in-
vestigated by the London Meteorological Office. A list of
storms known to have affected the west coast of India, and
to have been met with in the Arabian Sea, has also been
published by Mr. F. Chambers, but this, being a mere list.
Jurnishes little information beyond affording some idea of
the seasons at which stormy weather is most prevalent. It
is therefore impracticable to give any comprehensive estimate
of the relative frequency of storms in different parts of the
Arabian Sea like that already given for the Bay of Bengal,
or more than some general indications of their tracks.

Storm Seasons on the West Coast of India, etc.—The
following tabular summary of Mr. Chambers’s list shows the
relative frequency of storms in the different months of the
year, as far as can be inferred from the existing records.

NuMBER OF RECORDED STORMS ON THE WEST COAST OF INDIA AND IN THE
ARABIAN SkA UP TO 1881

January . . . 4|May. . . . 13 |September . . 8
February . . . 8{|June . . 20 |Qctober . . . 4
March . . . 2|[July . . . 2 |November . . 10
April . . . 9lAugust . . .2 lDecember . .2

From this it would seem, at first sight, that in the Arabian
Sea the stormy season is less definitely restricted than in the
Bay of Bengal. Thus, three storms are recorded in February
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and four in January out of a total of 74 ; whereas, in the
Bay of Bengal, none are known to have occurred in the
former, and only two in the latter month, out of a total of
115. This difference i3, however, probably rather apparent
than real. The notices of most of the storms enumerated
in the above table are very fragmentary, but they afford
grounds for believing that at least two of the February
storms and two of those in January were not experienced
at sea, and are hardly to be reckoned as Arabian Sea storms ;
they were felt as gales only on the coast of Sind, the seat
of the storm being over the land. They were, probably, in-
stances of the cyclonic storms of the cold season of Northern
India (already described in the preceding section), which
travel from west to east. It is yet doubtful whether such
storms reach India from the west across the continent, or
are formed over the land of India. Most probably some
are derived and others of local origin.

One other respect in which the above table contrasts
with that previously given (p. 225) for the Bay of Bengal,
consists in the much greater proportional frequency of storms
in May and June, and the relative paucity of those in Octo-
ber and November, especially the former month. But the
list contains few references to any storms of the Arabian
Sea that have not been felt on the west coast of India; in-
deed, only seven such are included in Mr. Chambers’s list,
and one other is known to have occurred since the list was
drawn up. And it is improbable that storms of this class
are relatively*so rare in the Arabian Sea as this record would
seem to show. - It seems likely, therefore, thet when the
storm records of the Arabian Sea shall receive the same
attention that Mr. Piddington formerly, and Mr. Eliot and
others of late years, have devoted to those of the Bay of
Bengal, some of the leading features of the above table may
be found to require modification.

Bearing in mind, then, that the information as yet avail-
able to us on this subject is very imperfect and fragmentary,
it remains to see what positive facts can be deduced from
such data as we have before us.
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Storm Tracks of the Arabian Sea.—Of the whole
number of storms enumerated in Mr. Chambers’s list, eleven
were originally formed over the Bay of Bengal, and travelled
westward across the Indian peninsula; and one further in-
stance of the same kind, that has since occurred, has been
worked out by Mr. Eliot. The distribution of these twelve
storms according to season is as follows :—

Jannary . . . .1 October . . .1
April . . . L1 November . . . . 4
May . . . . .4 December . . . L1

These have all crossed the southern half of the peninsula on
a west by north or west-north-west course, and most of them
have been traced for a considerable distance beyond, across
the Arabian Sea; one, viz. that of October 1842, as far as
the coast of Arabia, where it caused a great destruction of
native craft. This west-north-west course seems therefore
to be that most usual in the Arabian Sea, as it is also in the
Bay of Bengal. But a very important variation of the latter
part of its course was presented by the November cyclone of
1886, the history of which has been worked out by Mr.
Eliot ; and it is the more important to notice this, because
it took place midway in the steamer track between Aden and
Bombay, and not anticipating it, the Peninsular and Oriental
mail steamer Peshawar became involved in the hurricane,
while endeavouring to escape from it by steaming to the
north-west. Having reached the latitude of Bombay and
the meridian of E. long. 64°, the storm changed its course
rapidly from west-north-west through notth-west and
north to north-north-east, and travelling faster than the
steamer, overtook it, the centre passing within 20 miles of
its position. It is not improbable that others of these storms
may undergo a similar change of direction when reaching
the northern part of the sea. At all events, the contingency
is one that must always be regarded as possible.

The cyclonic storms generated in the north of the Bay of
Bengal during the summer monsoon, as a general rule, break
up and disappear after a more or less protracted course over
the land ; but exceptional instances occur, in which they
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traverse the whole width of Central India on a nearly due
west course to Kathiawar and Cutch, and thence pass out
to the extreme north of the Arabian Sea. Sueh storms are
rare. One only occurred during the 10 years, 1877-1886,
viz. that of the 25th June to the 4th July 1883. Its
history has been fully worked out by Mr. Eliot, in a memoir
published in the 53d volume of the Journal of the Asiatic
Soctety of Bengal. Like all storms that cross India, its in-
tensity was greatly reduced while traversing the land, but it
recruited its strength as it neared the Western Sea, and a
British India steamer, that became involved in it in N. lat.
22°, E. long. 634°, experienced winds of hurricane strength
(force 12 on Beaufort's scale).

In 1886 a storm, originating over the middle of the Bay of
Bengal at the end of September, also crossed the peninsula
in lat. 17°, on a due west track ; passing out to the Arabian
Sea about Rutnagiri, on the morning of the 3d October.
After leaving India there is no further record of its progress,
but it probably continued its course across the North Indian
Ocean.

‘Another direction, sometimes taken by eyclones in the
east of the Arabian Sea, is north by west, parallel with the
Indian coast. An instance of the kind, in April 1847, is
discussed at length in Mr. Piddington’s fifteenth Memoir.
This storm was apparently formed to the west of Cape
Comorin, and its progress was very distinctly traced, first to
north-west and then to north by west as far as the latitude
of Goa. Shortly afterwards it may have broken up, since,
on the following day, the weather moderated and cleared up.
But its influence was felt as far north as the Gulf of Cutch,!

1 Mr. Piddington makes two storms of this, That which originated to
the west of Cape Comorin he supposes to have travelled to the north-east
and to have broken up before reaching land, since it was not felt at the
T'ravancore observatory. The other, which travelled northwards to the lati-
tude of Goa, he supposes to bave originated close to the Maldives. But it is
clear that in this, as in many other instances in which he infers two inde-
pendent cyclones to have existed simultaneously in near proximity to each
other, he has been misled by the error of his theory that the winds blow in

circles. The north-east track is a figment required by his theory, and is in-
consistent with the evidence,
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and three days after the Buckinghamshire had been involved
in the centre of this cyclone off Goa, a severe cyclone swept
over Muscat. If, as seems possible, this was the same
storm, then, instead of breaking up, it must have suddenly
changed its course from north by west to north-west, and
crossed the North Arabian Sea at an average rate of about 14
miles an hour. Its rate of progress up to Goa had been
9:2 miles an hour according to Mr. Piddington.

In the same Memoir, Mr. Piddington mentions another
storm in June 1811, which he supposes also to have
travelled in a north by west direction in E. long. 69°-71°
and N. lat. 14°-18°. On general grounds there is nothing
improbable in this track, but the evidence is, I think, in-
sufficient to establish it or to admit of any trustworthy
inference.

Of other June storms recorded in Mr. Chambers’s list
little can be said, except that the majority of them appear
to have been formed on the setting in of the monsoon rains
on the Bombay coast; and, judging from the analogy of the
Bengal storms of this month, they probably originated not
far south of the latitude of Bombay. It isat least doubtful
whether these or indeed any other storms have ever moved
eastwards across the land. In Mr. Chambers’s list, only one
storm of hurricane strength is recorded in June at Bombay,
and none at any other coast station. The track of this one
is not indicated, but there are notices of several severe
southerly gales at Bombay in June, and the information
quoted, respecting these, seems to indicate that, in many
instances, a cyclone was travelling northwards in the
immediate neighbourhood of the coast.

Of the storms that have been recorded in the western
half of the Arabian Sea, but which, so far as is known, have
been unfelt in their earlier stages on the Indian coast, the
existing notices are for the most part too fragmentary to
throw any light on their place of origin and the direction of
their tracks. The sole exception is that of the cyclone
already noticed, which, on the first days of June 1885,
traversed the whole length of the Gulf of Aden on an almost
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due west course. A very good though not complete history
of this storm has been published by the German Seewarte of
Hamburg!

This storm appears to have originated somewhere to
the east of Socotra on the last days of May, It was
fully formed before the 31st, on the early morning of
which day the Mergui was involved in it in N. lat. 13°,
E long. 59°. Thence it travelled on a due west course,
passing a little to the north of Socotra; and on the 2d
and 3d June centrally up the Gulf of Aden to Obrok
and over the African mainland. Its rate of progress
averaged between 9 and 10 miles an hour throughout till it
neared the land, when its rate of progression seems to have
increased. It was small, but very severe and destructive,
four steamers, including a German corvette and a French
despatch boat, having foundered in it with a total loss of
426 souls. Admiral Cloué computed its diameter as 150
miles on the 30th May, deoreasing as it passed up the Gulf
to no more than 50 miles when it reached Obrok.

It is noteworthy that the appearance of the skies and
thfa character of the weather in front, s.e. to the west of
this storm, in its advance up the Gulf of Aden, were in all
respects similar to those already described as prevailing to
the north and in front of cyclones that advance up the
Bay of Bengal. The Inchulva, passing the islands of the
Red Sea on the 1st June, when the storm had not yet
reached Cape Guardafui, experienced light variable airs
with hot sultry weather and a smooth .sea. At sunrise of
the 2d June, the day preceding that on which she became
involved in the cyclone, the sky was partially overcast
“with a very fiery appearance,” and at sunset it is described
as “looking very bad, green, red, and yellow, all mixed up
together, and the atmosphere most oppressive.” At night
the lightning was incessant, the sky having a red glare all
over, and light hot airs came from all points of the compass,

1 Revidirte Auszug aus Ann. d Hydr., ete., XIV Jahrgang (1886), Hefte V.

_ and VI. It is now being more fully investigated in the London Meteorologi-

cal Office.



252 CLIMATES AND WEATHER OF INDIA

with showers of rain occasionally. And these signs were
followed by a swell making up from the eastward and
gradually getting heavier. Other ships describe similar
appearances and a halo round the moon.

The barometer on the Inchulva began to fall slightly on
the forenoon of the day preceding that on which she en-
countered the cyclone, and when the centre was yet some
450 miles distant; but no rapid fall set in until 8.30 A.M.
on the morning of the 3d, only three hours before the
centre passed close to the ship, and when it could hardly
have been more than 30 miles distant.

The course of this storm seems to have been exceptional,
inasmuch as no similar instance has been experienced at
Aden since it was first occupied as a British possession in
1839 ; and it is probable that most storms that originate
off Socotra take a somewhat more northerly course towards
the coast of Hadramant or the Khooria Mooria islands. In
April 1856, the Haddington and s.s. Queen were involved in
a cyclone on this coast to the south of the above-named
islands, in which the steamer narrowly escaped shipwreck.
On the whole, however, there seems reason to believe that
cyclones are less frequent in the west of the Aralian Sea
than in the neighbourhood of the Indian coast, and much
less so than in the Bay of Bengal

Storm Warnings and Signals. Bay of Bengal—The

Calcutta Meteorological Office, under the control of the
Meteorological Reporter to the Government of Bengal, is
now charged with the duty of issuing storm warnings to all
the prmclpal ports on the coasts of the bay. A weather
report for the Bay of Bengal, illustrated with a weather
chart, is issued daily at Calcutta, giving the telegraphic
reports for 8 AM. from the following stations : —

Diamond Island. Jessore, Cuttack. Masulipatam.
Akyab. Calcutta. False Point. Madras.
Chittagong. Saugor Island.  Gopalpur. Negapatam.
Burrisal. Midnapore. Vizagapatam. Trincomalee.
 Dacea. Balasore.’ Cocanada. Galle.

A table shows the readings of the barometer at 8 A.M.,

STORMS OF INDIAN. SEAS 253

corrected and reduced to sea-level values; its change since
the same hour of the preceding day; the wind direction and
velocity at 8 AM, and its mean rate of movement in miles
per hour for the previous 24 hours; the maximum,
minimum, and mean temperature of the 24 hours, and the
change of the latter since the previous day; the thermeo-
meter reading, humidity, and cloud proportion at 8 am.;
and the total rainfall of the 24 hours, together with a word
descriptive of the state of the sea at these ports where the
ohservations are situated on the shore. These tabulated
data are followed by a short description of the general
results, and a weather chart shows the isobars, with notes
of the barometric changes, the direction of the winds and
the state of the sea and general weather. This report is
published daily about 2 P, and sent to all Government

* offices and subscribers.

In the event of these reports affording evidence of stormy
weather in any part of the bay, a warning is telegraphed to
the principal ports of the .coast most likely to be affected,
with instructions to display the appropriate storm signals.
Except at the port of Calcutta and its approaches, the swnals
are of two kinds only, one being the warning szgnal to
intimate that a storm exists in the bay; the other the
danger signal, indicating that the storm appears to be ap-
proaching the port at which the signal is displayed. The
system includes day and night signals of both classes. They

are—
STORM S16NALS, BAY OF BENGAL

DAY. NIGHT.
Warning Signal . Aball. Three lamps suspended one above the other.
Danger Signal . A drum. Two lamps suspended one above the other.

"The official directions and instructions for the use of
these signals are given in Appendix IV,
The ports at which these signals are dlsplayed are the
following :—
In Bengal—
Chittagong, Balasore, Chandbally, False Point, and
Pooree..
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In Madras—
Gopalpur, Vizagapatam, Bimlipatam, Cocanada, Masuli-
patam, Madras, Negapatam, Tuticorin. '
-In Burmah—
Akyab, Bassein, Rangoon, Moulmein.

For the port of Calcutta and its approaches a more
elaborate system is in use; the day signals include dis-
tinctive signals for large and small storms (cyclones and
cyclonic storms of this work), and also indicate the prob-
able course of the storm, whether towards the Sunderbuns
east of the Hooghly, direct to the Hooghly estuary, or towards
the Orissa coast to the west of it. The night signals are
the same as at other ports.

The Calcutta day signals are as follow :—

Carcutra STORM SIGNALS (DAYTIME)

DESIGNATION. SI6NAL, INDICATION,
No. 1. Bad weather sig- Ball, Cyclone of unknown in-
nal. . tensity in bay.
» 2. Dangersignal.  Cone, point up- Largecyclone moving north-
wards, A ward, east of Saugor,
west of Chittagong.
» 3 Do. Cone,  point v Largecyclonemovingnorth-
downwards, ward, west of Saugor and
north of False Point.
»» 4. Great  danger Drum, Large cyclone approaching
signal, . Hooghly estuary and
Calcutta,

»» 5. Bad weather sig- Two cones, up-

Small cyclonic storm in
nal. per inverted, v

bay. Probable course to
A south of Chittagong and
False Point,

Small cyclonic storm ap-

A proaching coast north of

v Chittagong and False
Point,

Small storm moving north-

A ward to Sunderbuns, be-

. tween Saugor and Chitta-
gong.

;» 6 Warning signal. Two cones, lower
inverted,

»s 7. Warning signal. Ball below cone,
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DESIGNATION, SIGNAL. INDICATION.

No. 8, Warning signal. Ball below in- v Small storm moving north-
verted cone, ward, to west of Saugor
and north of False Point,

» 9. Danger signal.  Ball below Small storm approaching
drum, Saugor roads,

These and the night signals are displayed at Saugor
Lighthouse, Mud Point, and Diamond Harbour in the
Hooghly estuary, at Budge Budge below the port, at
Shalimar Point and the Port Commissioners’ office, Calcutta.
The notification of the Bengal Government in Appendix V
gives further details with respect to the signification of
the several signals, and the precautions to be taken by sea-
going vessels, in the event of their being hoisted. .

Storm Signals. Bombay Coast.—The meteorological
office at Bombay is charged with the duty of issuing storm
wernings to the Bombay coasts, for which purpose it receives

daily telegraphic weather reports from the following
places —

Kurrachee. Calicat,
Surat. Cochin.
Rutnagiri. Negapatam.
Karwar. Madras.
Mangalore. Masulipatam,

And in the case of storms which travel westwards from the

Bay of Bengal and appear likely to cross the peninsula,
intimation is telegraphed from the Bengal office and the
Imperial office at Simla. No weather report is published
at Bombay,' but in the event of threatening weather, wain-
ings are issued to the following ports :—

Kurrachee, Vingorla.
Bombay. Karwar.
Rutnagiri, Kumta.

And a signal, consisting of a cone for the daytime and three
lamps in a triangle at night, is displayed until the disturb-
ance has passed away. :

1 Since the above was written, arrangements have been made for issuing
a daily weather report at Bombay similar to that published by the Bengal
Meteorological Office.
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RAINFALL IN RELATION To WATER SUPPLY AND DRAINAGE
—EVAPORATION AND WIND PRESSURE

The subjects to be discussed in the present section are
those of most importance to engineers; the chief of which is
the quantity and distribution of the rainfall, as affecting the
water supply available for the maintenance of the flow of
rivers, for tank storage and irrigation, and also as a guide
to the requisite provision of culverts and bridges to carry off
the drainage. Some information on this head has already
been given in the section on rainfall in the first part of this
work. But for many purposes further details are necessary,
and more particularly those of the heaviness of the rainfall
within short intervals of time. Into this subject 1 shall
enter as fully as the available data and the scope of this
work admit of, and I shall also give some statistics of the
mean rainfall on the catchment areas of some of the Indian
rivers, which may hereafter be useful for comparison with
the discharge volumes of those rivers.

Nearly connected with these subjects is the question of the
amount of evaporation, which, strictly speaking, is also a
meteorological datum, and one of great importance. It is,how-
ever, one on which there has been but little direct observation
in India,and that little, as far as it has any practical value, has
been contributed chiefly by engineers, and is to be found in
their professional publications. Some of these will be noticed
in the sequel. The few observations that have been made
at meteorological observatories have been so much affected
by purely artificial conditions, that little or nothing of
scientific or practical value can be safely concluded from
them ; and for this reason, and not owing to any under-
estimate of the importance of the subject, evapometer
readings have not been included in the regular scheme of
work at the observatories established by the Meteorological
Department.

The first point to be dealt with is the average and
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maximum rainfall within short periods of time, and the
frequency of falls of stated amount. On this head, Mr.
Lowis Jackson, at page 13 of his Hydrawlic Manual,
specifies the following items of rainfall statistics as those
required by the engineer, to furnish him with a correct basis
for works which demand the greatest amount of accurate
information :(—

1. The mean, maximum, and minimum monthly rainfall.

2. The mean and maximum daily falls in 24 hours for each month.

3. Special occnrrences, hourly falls, longest continuous falls and
droughts, :

For the first of these series the published rainfall

"statistics of India afford very ample data, relating to a large

number of stations in all parts of the empire, and these can
be easily taken out and tabulated. For the second, and in
part for the third, the requisite materials exist in the
Indian meteorological offices, and a considerable portion
have been published periodically in the daily weather
reports and in the Gazettes of certain of the local Govern-
ments. But the labour of examining them for the extraction
of the full data in question would be very great ; and it must
suﬁiqa for the present work to give a few examples, relating
to.dlﬁ:erent parts of India, which may serve as a general
gmdfz n the absence of strictly local data. If required, in
special cases, these latter may be obtained from the Indian
or provincial meteorological offices, for any place the daily
ramfa‘ll of which is published in the Government Gazettes.
But it will be found in the sequel that the relative
frequency of falls of different amounts, and the probability
of exceptionally heavy falls, are so uniform over large areas,
and indeed, with some rare local exceptions, throughout
India, that the instances given, when taken together with
the. local statistics of the mean monthly rainfall and its

- variability, will generally suffice to enable the engineer to

arrive at pretty trustworthy conclusions on any problem
involving the consideration of the mqre detailed data.
Mean, Maximum, and Minimam Monthly Rainfall—
In a recently-published memoir on the rainfall of India,
s
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forming vol iii. of the Indian Meteorological Memoirs, are
given the full existing records of the monthly rainfall of
451 stations in India and its dependencies, including
Ceylon. Of these, the large majority extend over periods
of from 20 to 30 years and upwards; and they suffice,
therefore, to represent, very fairly, the variability of the
rainfall. They include, on the one hand, the remarkably
dry years, 1876 and 1877; and, on the other, the very
wet years, 1867, 1874 and 1878. From these I have
selected 110 stations, most of them on account of their
importance as cities or military cantonments, or as repre-
senting important agricultural districts, and have tabu-
lated the mean monthly rainfall and the highest and lowest
as yet recorded in each month of the year at each station.
These data are given in- Appendix III

These tables show that the extreme variations of the

rainfall, as well as their mean or average monthly amounts,
are very uniform at stations in the same part of the
country. The general features of the rainfall distribution,
according to locality and season, have already been briefly
described in Part I. of this work, and need not here be
repeated. The rainfall of the winter and spring months, in
most parts of the country, is very variable and uncertain,
and, as a general rule, affords no supply to local tenks, and
but little affects the streams and rivers. That of the rainy
season is also variable, but scarcely ever fails completely in
the months of July and August; nor indeed in June and
September, except in the drier provinces. At this season,
the maximum of any single month appears to be about
double, and in some of the drier provinces as much as three
or four times its average amount. It is scarcely practicable
to generalise to any useful purpose on these irregularities;
very probably they will eventually be found to conform to
empirical laws very similar to those which regulate the
variations of the daily rainfall, the subject next claiming
our attention. .

Mean and Maximum Daily Rainfalls.—]It has already
been shown, as resulting from the tabular statistics given at
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pages 72 to 75, that on the plains of Bengal and the
North-west Provinces, and in parts of Central India and the
Central Provinces, the average fall of each rainy day is be-
tween five and seven-tenths of an inch.' On the hills of the
outer Himalaya and Assam, on the coasts of Arakan and
Tenasserim, and on the Western Ghats and some parts of
the Konkan and Malabar, it is higher; at Matheran,
Mahableshwar, Akyab, and Moulmein, between 1 and 2
inches, and at Cherrapunji as much as 2'6 inches per
rainy day. But in the Deccan and Mysore, and in the Indus
valley, only between three and four-tenths. These figures
represent the general average of the year; but, as might
be expected, the rain of the summer is heavier than that

‘of the winter months, and ‘more lasting than that of the

thunder-storms of the spring; and hence the average fall of
each rainy day is greatest in the former season. Thus, at
Calcutta in the last 13 years, the average fall of a rainy
day, in the months November to April, has been four-tenths of
an inch; in the months May to October, 0-54 inch; and at
Lahore, the average of the former is three-tenths of an inch,
that of the latter 073 inch.

The comparative heaviness of the rainfall at different
Seasons and in different parts of the country is, however,
better shown by the following tables, which have been
drawn up from the daily reinfell returns of the last 13
years (in the case of Lahore, 12 years), and exhibit the
total number of days on which falls of given amounts have
been registered in corresponding months during the whole
period, at the six stations, Calcutta, Lucknow, Lahore, Nag-
pur, Bombay, and Madras; and also, in the right-hand
column, the beaviest falls recorded on any one day, in each
month of the year, during the same period (1875 to 1887).

1 'l;his is more accurate than *‘between six and seven-tenths,” as étated on
page 75.
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DALy Rarsrais or arvex AMOUNT IN FACH MONTH OF THE YEAR

DURING 13 YEaRS LAHORE (12 years)
CaLcuTtTA
o L INCHES. )
L INCHES, Highest.
’ Belowd | ftod. | #4tol.|1to2 | 2to3.| Bto 5. |6 to 74
Highest.
Below }. | }tod | $t0L | 1t02.| 2t 8. | 8tos. |5 toTh.
%‘anuary . 24 4 7 1 15 ins.
ebrua . 21 4 3 1 2:2
January .| 14 2 3 2 .. ) .. l19ins March © .| 21 g 5 1] ). 11
February . 20 4 4 6 1 .. |21, April . . 28 7 4 1 12 ,,
March © .| 31 s | e | 7| .. | o o |18 ay . .| 18 |12 | 2| .. | 2| .. 30 ,,
April | . 28 7 10 4 1 .o 126, June . . 23 7 8 6 1 35 ,,
May . .| 8 | 25 | 26 [ 20 | 2 1| |45, July . .| 922 |2 |19 | 15| 6| 4| 2 |72,
June . .| 109 41 | 39 | 34 8 2 | .. |44, August .| 85 8| 14|10} 5 2 1 {51,
July . .| 138 83 51 45 8 3 2 |62, -September . 18 [} 8 4 1 67 ,,
Augnst .| 152 70 56 39 9 5 1 |82, October .|~ 9 1 2 1 20 ,,
September . { 135 48 31 20 6 8 1|62, November . 6 1 2 08 ,,
October . 51 24 156 11 1 1 (68 ,, December . 7 4 4 08 ,,
November . 14 1 1 e (14,
December . 11 2 1 1 21 ,, 12 years .| 232 83 77 41 14 8 3 | 72ins,
13 years .| 785 | 310 | 245 ’198 | 37 | 14 5 |88 ins
Nacrur
LuckNow INcHzs.
Highest.
INCHES. Below}. [ 3tod. | 4tol. [1to2 | 2:to 3. | 8t0'5. |5toTh
-~ - . . - Highest.
P e Bl R A I B Jamuary .| 11 8| 61 1| .| | . |l0Oins
2 < < 8] ® February . 9 5 1 1 .
a -y - - ™ ] v : M h EXR} “ee ave 1 5 F1)
arch © ) 17 2 | a4 | Y| LT e
— — April. .} 29 2 | 8 R U U B T
s - May . . 34 9 4 1 1 g
January - - LA IS I 1 R e jume . .\ 98 | a4 |2 |27 | 7| 6| 1 72 .
February - " | 99 | 2 1] .. | ey, Jly v | 12 |88 54| 37 | 18} 6| 5 |62,
f&f“."lh R R ot | September || Tog | oo | 38 | 38110} 2 162,
P I P BT RV A il o0 October .| 383 s (o || 1] 2| 2|0 N
June - " lj01 [38]s1(380| 7] 1| 1|..| 59, Dovember .| 9 20002 1. 27
July - D78 28 4 atiiz) 5| 2 70 ecember .} 10 | ..} 8| 2| .. 18 ,,
August . : 1 66 |20|2a! 8| 6| 2| 1 538 -
s@pwb,:ber 12|56 s 18 . | 18years .| 579 |188 |178 | 140 | 46 | 18 9 | 72 ins.
October -~ "1 1 |4 02
&govembef ol (1) l 3 20 .,
Y ecember  ° - :
— | 385 [120 {185 |ss|2s| 9| 4| 1 90ins
'8 years - .
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Bomsay
Incuzs.
e
R 3
;" - - 4 |lala|®]|2]5 c)
g 8 8 3 |18(28|3/2|¢% &
2 e -~ - @ e |w | ®]| 2
January . 7 1 wo | 0°6ins.
February 5 1 .. | 08,
March . [ .| 01,
April 4 | 01,
May 27 1 2 L R I | 19,
June 123 29 35 88 |15|17] & 8161 ,,
July .| 176 52 58 81 24 | 21 91 2¢(..] 82,
August . | 181 61 43 82 71 81 2] .. 21113,
September| 141 49 38 21 14 81 .. 21...| 81,
October .| 51 8 14 8 5| 4] 1| ..{..| 58,
November 8 2 2 L 2 R O R S 16,
December| 4 1 10 ,,
18 years. | 780 | 204 193 | 183 |65 53 | 17 4| b5 (16°1ins,
MADRAS
INCHES. ‘
* e | s o |a e |#]|S]|8 g
: | s | s |28 |s|s|{s|8|8| H
g e ] - o © “ '-:u §
'| January .| 21 8 4 2 ] 18 ins.
February 1 1) ... ... 25 ,,
March . 7 2 3 1 (] ] 12 ,,
April 2 1 2 || en | o 17 .,
Ma 21 4 3 8 |.. 1 1 1180 ,,
June 101 20 9 8 v [ e ] oeen . 20 ,,
July .{120 [ 20 | 21 | 10 | .. |.. | 19 ,,
August . | 128 30 19 11 4) .| ] 28 ,,
September | 104 18 17 7 6] 2/..[.. 40 ,,
October .| 98 29 21 24 (12| 9] 1 ... 58
November| 78 34 18 34 [117(12) 6 1 82 ,,
December | 67 13 18 13 8 4 1] ... 51 ,
13 years. | 747 {172 | 183 (117 |46 {28} 9| 1| 1180 ina.
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The relative frequency of light and heavy falls, as exhibited
in these tables, may be represented graphically by curves as

5 A
(] 5 2 3 4 inches,
Fi0. 831.—CurvEs oF RxraTive RAINFALL FREQUENCY AND QUANTITY,

in the accompanying figure (Fig. 31),! which gives the varia-

1 The right hand portion of the curves beyond 3 or 8} inches is incorrectly
drawn. The curves should be assymptotic, not parallel to the line of abscissse.
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tion curves of the three stations, Calcutta, Bombay, and
Lahore. If on the horizontal line OA (the line of abscisse),
we set off from its origin O, a length proportionate to the
amount of the fall, and draw a perpendicular to OA at the
point so determined, the comparative frequency of falls of
that amount will be shown by the length of the perpendicu-
lar (the erdinate) between the base line and its intersection
with the curve. The curves bear a general resemblance to
hyperbolas. Were they true hyberbolas, the lines OA, OB,
being their assymptotes, this would indicate that the fre-
quency of a fall of given amount is inversely as its quantity,
or, otherwise expressed, that the amount of the fall multi-
plied into the number expressing its relative frequency,

e 1 a 3 4 § 6 7 8 9 10 11 r1a 13lnches
Fia, 832.—CURVE oF RaINFALL QUANTITIES—CHERBAPUNJI,

would give a product of constant value; and that, in the
long-run, the same total quantity of rain would be yielded
by falls of each and every amount. Obviously this is not
the case. On the contrary, it will be found that the fre-
quency of a fall of given amount decreases less rapidly than
the quantity increases, up to a certain point, which differs
for different stations, and then at a more rapid rate.
Moreover, that the greatest quantity of rain is yielded by
falls not differing very much from those of average heaviness.
Thus, at Calcutta, the greatest quantity of rain appears to
be contributed by falls of rather less than half an inch in
the 24 hours, the average of each rainy day being 0-52 inch.
At Cherrapunji, in the rainy season, falls of about 34 inches
yield, on the whole, more rain than any other, the average
of each rainy day being 2§ inches.

The curve in Fig. 32 represents this variation of total
quantity, according to the heaviness of the fall, at Cherra-
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punji. It has been obtained in the following manner. The
whole number of rainy days, in fifteen rainy seasons, were
tabulated according to increments of half an inch. The
total quantity of each term of the series was then computed,

by multiplying the number of days into the mean value of

the increment, and the results plotted on ruled paper as the
ordinates of the curve. Finally, the curve was drawn with
a free hand between the points thus determined, and which
are shown by the encircled dots on the. figure. .

On comparing together the foregoing f:s,bles, it may be
noticed that light falls of rain are proportionally more fre-
quent at Calcutta than at any other station, and that heavy
falls are not only relatively less frequent, but of less absolute
amount. Thus, falls of more than 2 inches in the 24 hours
occur on only 3 per cent of the total number of rainy days
at Calcutta, whereas they form 5 per cent of the total at
Lucknow and Lehore, 6 per cent at Nagpur and Madras,
and 10 per cent at Bombay. Again, the highest fall at
Calcutta during the 13 years was 6'8 inches; at Lahore
and Nagpur it was 72 inches; at Lucknow, 9 inches; at
Madras, 13 inches; and 16 inches at Bombay.

Special Occurrences.—A few instances of exceptionally

-heavy rainfalls, varying from 10# to nearly 41 inches in the

24 hours, have already been given at page 77 of this work,
and in the foregoing analytical tables are noted falls of 13
inches in one day at Madras and 16 inches at Bombay
within the last 13 years. This last, which occurred on the
18th June 18886, is probably the highest ever recorded at
Bombay, since from 1847 to 1874 the highest, as quoted
by Mr. C. Chambers! was 15'3 inches, on the 27th June
1869. :

The highest fall yet recorded on one day in India is 408
inches at Cherrapunji; and the highest on the plains of
India, 35 inches, viz. at Purneah in the Bhagulpore division of
Bengal. Nearly as much, viz. 285, 30'4, and 324 inches,
was registered on the 18th September 1880 at three stations
in Rohilkhand in the North-west Provinces.

"1 Meteorology of the Bombay Presidency, p. 86.
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At Calcutta, the heaviest falls on record are one of 12
inches on the 1st May 1835, and another of 12 inches, as
measured, and an unknown excess lost by the overflow of
the gauge, on the 21st August 1844.

These falls at Bombay and Calcutta are much lower than
those of Purnesh and Rohilkhand and even in the Punjab,
a8 noticed at page 77; but it must not be concluded that
such as these latter are restricted to the interior of the
country, since the same list contains an instance of 203
inches in one day at Chandbally, a small station on the
coast of Orissa, and a fall of 2058 inches was registered at
Madras on the 21st October 1846. The fact, however,
remains, that rainfalls of excessive amount occur occasion-
ally in the drier, and even the driest provinces of India—
regions where the average annual rainfall is below 30 and
even below 10 inches. The average rainfall of the year in
the province of Sind varies between 3 and 11 inches; but
even this province is- not exempt from occasional falls of
excessive amount. In the years 1862 and 1866 it was
visited by disastrous floods, due to heavy local rainfall, some
notice of which is given in' the following extract from a

letter of Mr. G. P. Bidder, published in the Proceedings of
the Institution of Civil Engineers:—'

“Referring for a moment to the Kurrachee table, in which the
total annual rainfall is so small, it appears that in 1853, 3-08 inches
fell on the 31st July, out of a total of 6:29; in 1855, 3% inches on
the 7th January, out of 12:28; in 1857, 315 inches on the 12th
August, out of 11-33; in 1863, 4'88 inches on the 10th July, out
of 13:562 ; and in 1866, 7'40 inches on the 5th August, out of 1291,
the total rainfall up to 30th September of that year; but this is far
surpassed at other parts of the line. Thus, at Hyderabad, in 1865,
out of the annual rainfall of 15'88 inches?® 1341 inches fell on the
5th, 6th, and 7th August, of which 10-24 inches fell on the 6th.

“In 1866 the results were still more exceptional. Thus, at Dor-
bajee, out of & total fall of 44-67 inches, 36 inches fell on the 4th,
6th, and 6th of August, of which 20 inches fell on the 4th,and 14
inches on the 6th; and at Joongshaie, out of 44-27 inches, 32:22

1 0p. cit., vol. xxvii., session 1867-68.

? This is the total of that year. The average rainfall of Hyderabad is
only 8 inches, -
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ijnches fell on the 5th and 6th August, of which 198-1 inches fell on
the 5th, and 1312 inches on the 6th.

1 regret that no returns exist relative to the year 1862, except
of the rainfall at Kurrachee, becanse considerable damage was done to
the line in that year, and it was represented as one quite exceptional.
There is no doubt, however, that the rains of 1866 far exceeded those
of 1862." :

The following list, of falls of 10 inches and upwards in
the 24 hours, has been compiled chiefly from the a,nx.ms,l
reports on the meteorology of India, with a few addit:mns
from other sources. It comprises only such as are specially
mentioned in the works referred to, and a search through
the regisﬁers of the past 12 years alone would probal?ly
greatly add to their number as experienced on the plains
of India. In the case of the wetter stations of the Assam
hills and the Ghats, the additions would be very numerous.

RAINFALLS OF 10 INCHES AND UPWARDS IN 24 HoURS

Provixoe. SraTION, INcHES, Date.
. Delhi . .| 195 | 9th September 1875.
G:x;inon o | 106 "
Punjab + .+ {{ Hoshiarpur .| 140 | 19th September 1878.
Ludhians . .| 122 | 4th July 1880.
Delhi . . 120 | 18th September 1878.
( Nagina . . 82'4 | 18th September 1880.
Danipur . . 804 ’
Najibabad . . | 285 .
Hurdwar . . 19°5 »
Mawana . . 155 '
Meernt . . 146 "
Jauli Jansath .| 146 "
Bijnor . . 124 "
Champawat . 18+0 '
Naini Tal . o124 ’
Ranikhet . .| 120 '
N.W, Provinces . |{ Meerut ., .| 160 | 17th September 1880.
Jauli g' ansath . 13’0 ’»
Mozuffern: . 129 »
Bijnor agu o 124 ”
Roorkee . 107 s
Allahabad . . 16:5 | 20th July 1875.
Nawabganj .| 184 | 2d August 1879,
Bareilly . .| 118 v
Paranpur . . 11-4 .
* Pilibit . .| 186 "
Dehrs Dun .| 107 | 2d August 1885.
\ Gorakhpur .| 10°0 | 10th September 1879,
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RAINFALL OF 10 INCHES AND UPWARDS IN 24 Hours—Continuned.

PROVINCE. STATION, Incass, Dars.
Purneah 36°0 | 13th September 1879.
. . 115 | 4th September 1879.
Chandbally 203 | 16th September 1879,
Cox’s Bazar 1577 | 9th July 1888.
Furreedpore 143 | 5th July 1877.
Chittagong 140 | 3d June 18886,
' 103 | 9th August 1877.
Bengal { Mozufferpore 12:5 | 17th June 1883,
Rangamatia 122 | 8th July 1886.
‘| Balasore 12:0 | 12th July 1877.
Nattore 111 [ 6th July 1877.
Kooshtea . 11-1 | 20th August 1877,
Mymensing 108 | 21st August 1877.
Calcutta 1241 | 21st August 1844,
’ . 12:0 | 1st May 1835.
{ Cherrapunji 408 | 14th June 1878,
Assam Jowai 40’1 | 11th September 1877.
Central India gﬁg&h gg% loth Jl:?e 1882.
Rajputana . .| Abu . . 180 | 2d September 1884,
Central Provi Jubbulpore 125 | 29th June 1877.
entral frovinces |\ Sambalpur 11°0 | 9th August 1879.
B Chikalda 120 | 7th September 1884.
erar . Makhla 110 -
( Joongshaie 191 | bth August 1866.
’ 13-1 | 6th August 1866.
Sind Doorbaji 200 | 4th August 1866,
v 140 | 6th Augnst 1866.
Hyderabad 10-2 | 86th August 1866.
Cutch . Mandvi 148 12th July 1881,
[ Bombay 16:1 | 18th June 1886.
' 153 | 27th June 1869.
" 146 | 19th June 1877
" 11-3 | 8d August 1881, .
. 10-8 lgt.l]l August 1885.
. 101 | 8d June 1882,
Bombay . Y Rajkote 101 | 3d July 1883,
| Baura . 155 | 17th June 1888,
Mzahableshwar 130 | 18th June 1886.
" 108 | 22d July 1886,
LHonswar . 11'3 | 17th June 1886.
Rutnagiri . 106 | 22d June 1877.
Madras 206 2lsltl October 1846.
v 18:0 | 24th October 1857.
Madras { . 18-0 | 18th May 1877.
» 121 | 9th May 1827,
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in some cases, have been greater in an interval of 24 hours
beginning and ending otherwise. The following instances of
falls exceeding 14 inches in two, and 18 inches in three
days, are subject to the same remark, and are so far from
being exhaustive that they can be regarded merely as a few
illustrations of excessive falls.

RAINFALLS OF 14 INCHES AND UPWARDS IN 2 Davs

PROVINCE. STATIONS. INCHES. DatEs.
( Delhi 22°4 8th-8th August 1875,
Gurgaon 195 »
Rohtak 145 »
Punjab 4 Jullundur . 150 | 10th-11th August 1875,
Ludhiana . 15°5 | 4th-5th July 1880.
Amritsar . 14°6 | 9th-10th July 1881,
\ Hoshiarpur 142 | 2d-3d September 1877.
( Nagina 41°0 { 17th-18th September 1880.
Dhanipur . 39°1 ” .
Najibabad . 386 "
Hurdwar . 316 »
.]Tsa:gli Jansath 306 "
5 ijnor . 24°8 "
N.W. Provinces . |4 Naini Tal | 514 "
Roorkee 18'7 »
Mozuffernagar 171 '
Ranikhet . 157 "
Dehra Dun 185 | 8th-9th August 1885.
(Jhansi 15-0 | 23d-24th July 1869,
Bengal Mymensing 169 | 21st-22d July 1877.
Cherrapunji 636 | 14th-15th June 1876.
Agsam *11Jowal. 522 | 11th-12thSeptember 1877.
Central Provinces Ps.chma_.?hl 140 | 23d-24th July 1884.

. Doorbaji 34°0 | 4th-5th August 1866.
Sind . Joongshaie 322 | 5th-6th August 1866.
Cutch Mandvi 20°5 | 12th-13th July 1885.

Bombay 226 | 18th-19th June 1886,
[ ” 20°4 | 19th-20th June 1877,
" 14:4 | 14th-15th August 1885,
Bombay . . .| 14'4 | 2d-3d June 1882,
Mahableshwar . | 20°6 | 22d-23d July 1886.
lRutnsgiri . 178 | 224-234 June 1877,
Madras Madras 19'2 | 17th-18th May 1877.

In all these instances, the day which forms the time unit
is the 24 hours intervening between the fixed hours at which
the rainfall -is regularly messured, and the quantities may,
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RAINFALLS OF 18 INOHES AND UPWARDS INX 8 DAvs

ProviNce. STATIONS. IncaES. DaTes,
Punjab . .| Sialkot . ° .| 18'8 | 9th-11th August 1876.
Assam . .| Cherrapunji .| 79°0 | 12th-14th June 1876.
Sind. . .| Doorbaji . .| 860 | 4th-6th August 1866.

Drol . . 333 11th-14th July 1881.
Kathiawar. 2 Nawanagar . | 289 | ’

Morvi . .| 266 »

Rutnagiri .| 289 | 21st-23d June 1877.
Bomb Bombay . .| 286 | 17th-19th June 1886.

ombay " . .| 228 | 18th-20th June 1877.

Karwar . .| 20-8 { 15th-17th June 1886.

Madras . . | Negapatam .| 25'0 | 14th-17th November 1885.

Imperfect as these lists undoubtedly are, the above
instances of remarkably heavy falls suffice to show how
large a quantity of rain, within an interval of two or three
days, has sometimes to be reckoned with by engineers in
" providing for flood drainage. Applying to these cases the law,
already found, of the relative frequency of different amounts,
it may safely be concluded that the probability of minor
but still excessive falls is greater than in the inverse pro-
portion of the quantities. The instances of Bombay and
Madras, the registers of which have been better examined
than those of other stations, show that such falls may be
expected at irregular intervals, averaging from 3 or 4
to 10 years; in the case of the more arid provinces, per-
haps somewhat more. But there is probably no part of the
country that can be regarded as absolutely exempt from such
visitations.

It has been mentioned, in the earlier part of this
work, that these heavy falls occur omly in cyclones and
cyclonic storms, most frequently the latter; and their

frequency at any given place is likely, therefore, to vary with -

the liability of that place to come within the track of such
storms. Now the charts of the storm tracks of the 10
years, 1877 to 1886, drawn up by Mr. Eliot, show that the
cyclonic storms of the summer monsaon most frequently
traverse India in a west-north-west direction from the
Orissa coast; and accordingly, the greater number of the
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falls enumerated in the foregoing lists, including some of the
heaviest, have occurred in this belt of maximum storm
f?equency. The Satpura range, the greater part of which
lies within it, is notoriously subject to heavy falls in the
monsoon, producing such floods in the Tapti and Nerbudda
as were followed by disastrous consequences in 1864 and
1866, noticed by Mr. A. C. Howden in the Proceedings
of the Institution of Civil Engineers! and those of 1877
and 1883.

The central part of the peninsula, including the Deccan
and Hyderabad, are less frequently visited by cyclonic
storms than the Satpura region and extra-tropical India on
the north, or the Carnatic on the south; but in the later
months of the monsoon they are sometimes reached by
storms from the Bay of Bengal, and the absence from the
l}st§ of any instances of rainfalls exceeding the adopted
limits is probably due rather to the want of complete data
than to the fact of their non-occurrence.

The extent of country simultaneously affected by these

- heavy rainfalls is sometimes very great, usually some

thousands of square miles, In
floods of the 17th and 18th\Sept:11111?b:js leSOSfO tif ;{iﬁ]ﬁg
and the adjacent divisions of Meerut and liumaon in th
North-west Provinces, an average of more than 10 1il;mhee
in the two days was measured over the greater part of th:
districts Saharunpore, Mozuffernagar, Meerut, "Bijnor, Mora-
dabad, Pilibhit, and Kumaon, a total area of,' not le’ss than
10,000 square miles. This was doubtless quite exceptional
but rather in the heaviness of the fall than in the extent oi,"
its horizontal distribution.

On the 14th and 15th July 1882, an average fall of
5 inches took place over the greater part of the Central
Provinces, south of the Nerbudda and Sone valleys, an area
of some 30,000 square miles; and in his Report on the
Meteorology of India in 1877, Mr. Eliot states that from
the 6th to the 9th Qctober, the average rainfall of the whole
of the North-west Provinces and Oudh amounted to 3}

1 Op. cit., vol. xxvii,, session 1867-68.
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inches in the four days, the greater part of which fell on
the 7th and 8th. The area of these provinces is upwards of
111,000 square miles.

Special Hourly Rainfalls. —With rare exceptions, it is
the practice at Indian observatories to measure the rainfall
once only in the 24 hours, and hence the majority of the
registers afford no information of its heaviness within shorter
periods, and the available statistics on this head are very
scanty. A few casually-recorded instances will, however,
serve to afford at least some idea of what occasionally
occurs in India.

The heaviest fall of short duration, within my own re-
collection, at Calcutta, was one of 4 inches in an hour and
a quarter. But a heavier and more prolonged fall took
place on the 11th May 1835, when 12 inches were regis-
tered within 3 hours, viz. from midnight to 3 AM.

According to Mr. C. Chambers, the greatest amount
registered at Bombay in one hour, during the 28 years,
1847 to 1874, is 4-22 inches, viz. between 3 and 4 AM., on
the 12th June 1847. And on the 12th September 1872,
7-2 inches fell in the 2 hours between 10 P.M. and mid-
night. Other falls of 3-07 inches, 3 inches, and five between
2 and 3 inches within an hour, are mentioned by M.
Chambers as having occurred during the same 28 years.

At Madras, 17 inches fell in 12 hours on the 21st
October 1846, 6-22 inches in 5 hours on the 20th Novem-
ber 1856, and 12-21 inches in 12 hours on the 24th
October 1857. These instances are quoted from Mr. Lowis
Jackson’s Hydraulic Manuel. Other instances mentioned
in the same work are 1'2 inches in a quarter of an hour, 1
inch in 35 minutes, 1'6 inches in 40 minutes, and 249
inches in 2% hours at Bangalore; these occurred respect-
ively in September 1860, May 1859, and May and Sep-
tember 1861. '

In Mr. Howden’s notice of floods in the Nerbudda
valley, in the Proc. Inst. Civil Engineers, is mentioned a
fall of 10'5 inches in 18 hours at Hurda, on the G. I. P. Rail-
way, on the 5th August 1864, and in a letter of Mr. G. P.

e
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Bidder, published among the remarks on this paper, an
instance is quoted of a fall of 3 inches per hour at a station
in Sind in 1866.

Mr. Binnie also, in a paper on the Ambajhari tank at
Nagpur, in the same serial, gives an instance of a fall of
3-55 inches in 45 minutes at Nagpur on the 6th October
1872, and another of 3:5 inches in 13 hours on the 10th
August of the same year; also two other instances of falls
lasting respectively 20 and 30 minutes, at rates of between
2 and 3 inches in the hour, all occurring in the same
monsoon.

From these instances it appears that falls of from 3 to
4 inches in the hour are not rare in India, though but few are
recorded at one and the same station; and, further, that
such falls sometimes last for 2 or 3 hours in succession.

Proportion of Surface Drainage to Rainfall. —The
proportion‘of the rainfall which flows off the ground surface,
and either fills the rivers or is available for tank storage, is
a st?bject which concerns the physical geographer and the
engineer rather than the meteorologist ; but a knowledge of
this proportion is so indispensable to the engineer, in order
that he may turn to practical account the information set
forth in the foregoing pages, that it seems desirable to supple-
ment the rainfall statistics with a brief notice of such ob-
servations as have been recorded in India, and in other
countries which, like India, are subject to the annual alter-

- nation of dry and rainy seasons. The various formule

used by engineers for expressing the relations of flood
drainage to rainfall need not here be referred to. Some of
the elementary facts by which their validity must be tested
will suftice for the purpose of the present work.

In planning the Vehar reservoir at Tanna for the water supply of
Bombay, Mz, Conybeare states! that it was assumed that six-tenths of
the total rainfall on the catchment area of 3918 acres would be avail-
able for tank storage, and that the rainfall would be at least equal to
that of the low-lying station Tanna, which he estimated at 124 inches,
Nearly the whole of this falls during the four months of the monsoon.

" Proe. Ingt. Civil Engineers, vol. xvii., session 1857-58.
T
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The mean rainfall of Tanna was here overestimated ; it is really less
than 100 inches ; nor does it appear to be higher, if indeed so high,
on the hills that feed the Vehar tank. In other respects, the estimate
has been better justified by experience. According to Mr, Russell
Aitken,! the proportion run off and stored has been as follows. In
1865, when the recorded rainfall was 89 inches, it amounted to 70

. per cent ; in 1870, when the former was only 65 inches, to 75 per cent;
and in 1871, a very dry year, when the rainfall was only 39 inches,
to 50 per cent. The mean of these is a little-over 60 per cent.

In the case of the Ashti tank, near Pandharpur, on the Bhima
river, in the dry climate of the Deccan, it was estimated that the
“pun off” would be one-fourth of the average monsoon rainfall, taken
at 23 inches. But actual measurements, during the monsoon of 1881,
gave an average storage of only one-sixth of the total of 18 inches,
and the proportion varied, in different months, from one-five-hundredth
to one-third. * In July, when on only one day the fall exceeded half
an inch, the proportion was one-five-hundredth ; whereas, in Septem-
ber, when there were 13 days on which the rainfall was from half an
inch to over 2 inches, the proportion was one-fifth ; and in October,
on the first 5 days of which 2:75 inches fell, one-third.?

At Nagpur, observations were made by Mr. Binnie on the dis-
charge of the Ambajhari drainage area (4224 acres) in the monsoons
of 1869 and 1872. He found that, at the beginning of the monsoon,
a fall so heavy as 2} inches within 1 hour and 20 minutes gave no
appreciable surface drainsge, the whole being absorbed by the de-
siccated soil ; while, in September, 98 per cent of an almost identical
fall (22 inches in the same interval of time) flowed into the tank in
the space of 2 hours and 50 minutes. The total results of the several
months were as follow :— :

1869. '
June and July . 1276 inches . 10 per cent.
August . . 961 . 3%
September . . 741 . 44
Totals of season 2978 . 268
1872.
June . . . 677 inches . 47 per cent.
July . . . 1270 . 227,
August . . 1182 . 558
September . . 799 . 744,
October . . 437 ,, . 394 "
Totals of season 4365 . 40

The rain of October 1872 was preceded by an interval of dry weather,

1 Proc. Inst. Civil Engineers, * Discussion on Nagpur Waterworks,” vol.
xxxix., session 1874-76.
2 Idem, ¢ Burke on the Ashti Tank,” vol. 1xxvi., session 1883-84, Part ii.
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allowing of the partial desiccation of the ground ; and to this fact was
ggl.xi)tless due the decline of the drainage percentage from 744 to

All the above observations have reference to places
where the geological formation is a basaltic or other trap-
pean rock, covered with a highly absorbent layer of regur
or black soil, which becomes cracked and crumbling after
long drought. Evidently, under these conditions, the drain-
age proportion varies from 0 to nearly the whole of the
rainfall, according to the condition of the soil; and the
proportion collécted in any season depends chiefly on the
continuity of the rain, and only in a subordinate degree on
the total quantity that falls. The high average of the
Vehar tank is probably due partly to the greater raininess
of the site, and partly to the higher slopes of the catchment
area, which is situated among hills, while those of the Ashti
and Ambajhiri tenks are on the plains of the Deccan and
Nagpur.,

The experience of engineers in New South Wales and

-Cape Colony may profitably be taken into consideration in

connection with the above Indian statistics, inasmuch as,
while there is much similarity in the climates, it has reference
to larger areas. ' The Proc. Inst. Civil Engineers contain two
papers bearing on the present subject, one by Mr. Coghlan
on the relation of the rainfall to the drainage of the Nepean
and Cataract rivers, in the neighbourhood of Sydney, and
one by Mr. Tripp on that of the river Buffalo, at the Cape
of Good Hope. From these the following data are ex-
tracted :—

The area of the Nepean basin is about 284 square miles, that of the
Cataract about 70 square miles. They lie to th% west of t%e Illawarra
or Mittagong range, at an average elevation of 1200 feet above sea-
lev.:el, and are, for the most part, uninhabitable, Numerous swamps
chiefly in the Cataract basin, retain the water, and serve to eqnalis;
the flow of the rivers, but do not oceupy a very large proportion of the
area. The remainder is a rugged plateau, intersected by steep and
broken ridges. The whole country is barren, and the surface soil poor.
resting directly on sandstone. Vegetation is stunted, though the acrul;
13 in many places thick, and in the valleys the gum trees attain goodly
proportions. The annual rainfall varies from 75 to 34 inches, the average
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being 54 inches at the Cataract, and- 44} inches at the Nepean. It
has been found that the average proportion between rainfall and dis-
charge in the case of the Cataract is 44-7 per cent, while in that of the
Nepean it is 44°1 per cent for an extended period, including every
condition of flood and drought. The average of freshets is 54 per cent
of the rainfall, while, after the ground has been saturated with previous
rain, the volume discharged is nearly equal to the volume of rain fall-
ing. In dry seasoms, on the other hand, the average yield of the
streams is not more than 10 or 12 per cent. The quantity of water
carried off is, however, not directly proportional to the rainfall, but
the greater the quantity of rain falling within a given time, the greater
is the percentage of that rain carried off by the streams.

The area of that portion of the drainage basin of - the Buffalo river,
dealt with in Mr. Tripp’s paper, is about 105 square miles, and the
surface is covered with forest and bush, Owing to this circumstance,
unlike many South African rivers, the Buffalo has a small perennial
flow, sustained by more or less permanent springs, and varying from
87 cubic feet to 2880 cubic feet per minute, with an average of 9338
cubic feet, The flood discharge, due to surface drainage, varies from
600 to 285,000 cubic feet per minute above the ordinary flow, and
the total ordinary flow is to the flood discharge as about 1 to 2}.
The mean rainfall of the drainage basin, on the average of three years,
was about 27 inches ; but these seasons were dry and abnormal. Its
annual distribution was very irregular ; an almost complete drought in
one winter being followed by heavy spring rains, while, in the follow-
ing year, the chief fall occurred in the winter ; and, in both the second
and third years, the springs and summers were very dry. The highest
rainfall in any one day was 2 inches, and there were two falls of over
3 inches in 48 hours. Three-eighths of the whole rainfall was contri-
buted by falls under half an inch, and the remainder equally divided
between falls below and above 1 inch. Under these circumstances, the
proportion of the rainfall flowing off the ground from all sources,
during the whole period, varied from 0019 to 0°715 in different
months ; the total result being 0-225, or between one-fifth and one-
fourth of the rainfall.

Evaporation from Water 8urfaces.—The most trust-
worthy and indeed the only practically useful observations
on the evaporation of water surfaces are such as are afforded
by the same authorities whose works have been quoted in
the preceding paragraphs, and to these therefore our atten-
tion may be restricted.!

1 For ascertaining the rate of evaporation of an extensive sea surface, a
datum much required by meteorologists and physical geographers, it may be
hoped that some day the unique advantages afforded by the Suez Canal and
Bitter Lakes will be turned to account. The evaporation of this great sea-
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In the case of the Vehar tank, 2 square miles in area, Mr. Cony-
beare found that, during the first dry season, after the completion of
the dam, the surface was not lowered more than 6 inches in the month,
and he observes that this loss was principally due to leakage through
a temporary plug, closing the orifice of a large pipe. In 1874, 16
years after the completion of the work, Mr. Russell Aitken stated, as
the result of subsequent experience, that the legkage, together with
evaporation from the lake, did not exceed 5 inches per month, and he
calculated the leakage from the various dams at 1} inches ; so that the
evaporation during the dry season would be about 34 inches a month
or an average of 0°116 inch per day. :

The Ashti tank in the dry Deccan climate (how dry is shown by
the figures for Sholapur given below) has an area of 1412 acres.
During the six months, December 1880 to May 1881, when no water
was drawn off from the tank, the loss by evaporation, absorption, and
leakage was as follows in each month. I add for comparison the mean
tenfperamre, humidity, and wind movement of the same months, as
registered at the Government observatory at Sholapur, less than 40
miles distant, and under similar climatal and topographical conditions.

Reduction of ' SHOLAPUR.

Surface Level. Temperature.  Humidity. Wind Dally.
December 1880 . 0712 foot ~ 71-4 Fahr, 46 percent. 140 miles,
January 1881 . 040 ,, 7077, a 169,
February ,, . 065 ,, 756 ,, 34 ' 70,
March , . 065 ,, 822 ,, 27 " 154. ,,
April » . 095 ,, 886 ,, 28 » 154 - ,,
May » . 102 ,, 804 ,, 30 250

Total . 379

Mr. Burke gives no estimate of how much of this total loss of 379
feet may be attributed to leakage, etc. But assuming that the whole
was evaporated, it would give an average for this very dry, and in the
later months, hot climate, of 0-37 inch per day as the maximum that
could possibly have occurred. Careful experiments on a neighbouring
tank with an area of 100 acres water surface, gave a total loss from

water surface is made good almost entirely by the influx from the Mediter-
ranean and the Red Sea, through two canals of uniform section, the rainfall
being very small ; and it only needs & constant gauge of the flux and re-
flux in these two channels, say for a twelvemonth, to ascertain the net excess
of the flow over the ebb, Arrangements might certainly be made to obtain
this by self-registering current gauges, so placed as not to interfere with the
canal traffic ; and with one or two rain gauges at Lake Timseh and the Bitter
Lakes to register the small rainfall, and a set of thermometers, hygrometer,
and anemometer, to record the temperature, humidity, and wind movement, we
should have all the data requisite provided at little expense. The subject is

well worthy the attention of the British Adsociation or the Académie des
Sciences,
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October to May, hoth months inclusive, of 441 feet, an average of
0°29 inch per day.

At the Ambajhiri tank, Nagpur, Mr. Binnie registered the fall of
the water surface, foot by foot, from the 10th October 1872 to the 9th
June 1873, and deducting 200,000 cubic feet daily, for the estimated
“draw off,” loss by leakage, etc., found the residual loss due to evapora-
tion as follows. The mean temperature and humidity of each period
are given in parallel columns.

Evaporation, Temperature, Humidity.
10th Oct. to 14th Nov. ", 0°19 in. per day. 74'5 Fahr. 77 per cent.
14th Nov, to 24th Dec. . 0°15 . 709 ,, 80 '
24th Dec. to 4th Feb. . 0°13 s 693 ,, 82 0
4th Feb, to 16th March . 014 ’" 72 63 ’
16th March to 15th April 023 ” 887 51 "
15th April to 7th May . 0°87 ' 917 ,, 38 "
7th May to 9th June . 0°19 » 926 63 »

Adding to the total loss 3 inches of rainfall, registered during the
period, the general average for the whole season was 0°198, or say 0-2
inch per day. The validity of this result depends, of course, on the
accuracy of the estimated reduction of the water level from other
canses, but it is to be observed that the allowance made for this reduc-
tion is only 46 per cent of the whole, the total fall of level averaging
00289 feet or 0-347 inch per day, so that it cannot be very greatly in
excess. Moreover, some observations conducted by Mr. Culcheth, near
Ajmere in Rajputana, with evaporation gauges, partly on land and
partly floated on a tank, gave a result almost identical with that com-
puted by Mr. Binnie.

Allowing for differences of climate, the results of these
several observations are sufficiently consistent, and it may
be concluded with some confidence that the loss by evapora-
tion of large fresh-water tanks in India varies from rather
more than one-ninth of an inch daily, on the average of the

dry season, in the comparatively damp climate of Bombay, to -

about one-third of an inch as a possible maximum in the
very dry hot climate of the Deccan ; probably less.

Some measurements of the evaporation of a large reser-
voir (Van Wyk’s Vley), in the driest part of Cape Colony,
reported by Mr. J. G. Gamble, hydraulic engineer to the Cape
Government, gave an annual average of 6 feet, and others near
Port Elizabeth, in the south-eastern district, one of 3 feet.
The former would correspond to an average of one-fifth of an

o . RAINFALL, EVAPORATION, AND WIND 279

inch, the latter one-tenth of an inch per day, agreeing there-
fore well with the Indian results.

Rainfall on Indian River Basins.—A knowledge of the
average quantity of rain falling annually on the drainage
basin of a river, although of less immediate importance to
the engineer than is that of flood-producing rainfalls, is
nevertheless a fundamental datum in questions of water
supply ; and not less so in many problems that concern the
physical geographer. Hitherto, as far as I am aware, no
one has attempted to frame such an estimate in the case
of Indian rivers, and that now put forward can be regarded
only as a first attempt, aiming at an approximative result,
and subject to indefinite future correction, as the available
registers of the rainfall become more numerous, and come
to represent longer periods of time.

In the basins of the southern tributaries of the Ganges
and Jumna, and of those rivers of the Bengal and Bay of
Bengal drainage systems that take their rise in Central
India and the Satpura highlands, or on the Deccan plateau
at some distance from its western margin, the inequalities
of the mean annual rainfall in different parts of the area
are comparatively moderate, and provided the rain gauge
stations are evenly distributed, and so situated as fairly to
represent the country around, the error of the average of all
their registers, as representing the average rainfall of the
whole area, is probably not much larger than that of the
mean annual rainfall of each individual station, which, as
a general rule, is about 1 inch. But in the case of rivers,
which, like the Kistna and its tributaries, rise on the crest
of the Western Ghats, where the annual rainfall is 200
inches and upwards, and then traverse a broad belt of
country where it barely exceeds one-tenth of that amount,
there is very considerable difficulty in so selecting the
stations that each portion of the basin may be represented
in proportion to its area; and an approximation to within
2 or 3 inches, for the general average of the whole, is the
utmost that can perhaps be hoped for.

I do not include in these statistics any of the Hima- -
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layan rivers. In their case, or at least that of all the larger
streams which bring down the waste of the melting glaciers,
to the difficulty arising from the great inequalities of the
rainfall on the face of the Himalaya, and on the Punjab
and Gangetic plains at its foot, is added that of assigning
any probable value to the precipitation of the mountains
beyond their outermost spurs; a difficulty which is all the
greater, since the snowfall on the high peaks and glaciers
may be very different from the rain and snowfall at the few
valley stations for which we have registers. Instead, then,
of attempting to give an estimate involving so much con-
jecture as to be almost valueless, I have deemed it better to
omit these rivers.

I have taken for the fundamental data for the computa-
tion, the rainfall ayerages up to 1886, and have corrected
those of the minor stations accordingly. I think thag the
adopted values of the general average of the river basins
are rather under than over the true amounts, I begin
with the rivers of the Central Indian tableland, that drain
into the main arterial system of the Jumna and Ganges;
then follow with those of Western Bengal and Orissa, and
the chief river systems of the eastern slope of the peninsula ;
and conclude with the great rivers that debouch into the
Gulf of Cambay and the Gulf of Cutch.

Rivers of the Central Indian Tableland.—The chief
rivers of this plateau, omitting some minor but still con-
siderable streams, are, in order from west to east, the
Chumbul with its great tributary the Banas, the Sind, the
Betwa, the Cane, and the Sone. The first four drain Eastern
Rajputana, the states of the Central India Agency, and por-
tions of the North-west Provinces, Saugor, and Dumoh; and all
but the Sind take their rise on the southern margin of the
tableland. The Banas, and eventually the Chumbul, receives
most of the drainage of the eastern slope of the Aravalis
as far south as Udaipur, the, driest portion of the whole
plateau, The rainfall of this region is little over 20
_ inches on its western margin, and it increases southwards
and eastwards to over 40 and locally over 50 inches in
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the extreme south and east of the tableland. The Sone
alone rises at one of the highest points of the Satpura
system, where the annual rainfall exceeds 50 inches, and
some of its southern feeders in hills of equal elevation, where
it exceeds 60 inches, but its main course lies through a
country where, as far as the somewhat scanty data show, it
is between 40 and 50 inches, and its final portion traverses
South Behar, where the fall scarcely exceeds 40 inches.
The averages of these five basins I make respectively as
follows :—

Chumbul and Bands . . .~ 28 inches.
Sind . . . . . . 3
Betwa . . . . . . 39
Cane . . . . . . 42,
Sone . . 49

Rivers of Western Bengal.—These rivers drain the
highlands of the Sonthal country and the northern portion of
Chutia Nagpur. They all empty themselves into the
Bhigirathi arm of the Ganges and the Hooghly. Excepting
two small tracts drained by the Damooda and the Adjie,
the region has an annual rainfall above 50, and in part
above 60 inches. In order from north to south they are—

Mor 54 inches.
Adjie . 52. ,,
Damooda 50
Roopnarain 59
Cossye . . . 56

Rivers of Orissa.—Of these, the Soobunrika and Brah-
minee drain the southern part of Chutia Nagpur, all of which
is hilly country with a rainfall of 50 inches and upwards.
The northern tributaries of the Mahanadi, a much more im-
portant stream, take their rise near the head waters of the
Nerbudda and Sone, in hills where the annual fall is from
50 to over 60 inches, and the chief southern tributary, the
Tel, in Bustar, where it also exceeds 60 inches, and in
places perhaps reaches 70 inches; but the western feeders
traverse the plain of Chhattisgarh, where the fall is, for the
most part, between 40 and 50 inches. The general averages
are— :



282 CLIMATES AND WEATHER OF INDIA

Soobunrika . . . . . 57 inches.
Brahminee . . . . . 56
Mahanadi . . . . . 53

Rivers of the Deccan.—The two great rivers which dis-
charge their waters through contiguous deltas, midway down
the eastern coast of the peninsula, together bring down
nearly the whole drainage of the Deccan tableland. The
head waters of all their western feeders lie close under the
crest of the Western Ghats, and the torrential rainfall of
this hill range fills their channels in June and July, many
weeks before rain has fallen in abundance on the rolling
plains and flat-topped hills of the Mahratte country and
Hyderabad. The mnorthern tributaries of the Godavery,
the Paingunga, Wardha ‘and Waingunga, which, united in
the Pranhita, form a junction with the Godavery at Sironcha,
are of sufficient importance to be treated as independent
streams. So also the Bhima, the great northern, and the
‘Tungabhadra the chief southern tributary of the Kistna.
Of the former, the Wardha and Waingunga rise in the Sat-
pura range, where the rainfall generally varies from 45 to
60 inches, and locally, a8 at Pachmarhi, exceeds 70 inches.
The subsequent course of the Waingunga is wholly through
plains with a rainfall of 45 inches and upwards; but the
Wardha, skirting the drier plain of Berar farther west, drains
a considerable area, where the average is not more than 35
inches. The basin of the Paingungs, which river drains
the southern slopes of the Indhyadri range, except its
lower part, lies wholly in a region where the annual
rainfall is below 40 inches. The main stream of the
Godavery rises near Nasik, under the lee of the Ghat
range, but it receives the drainage of only a small extent
of this range, and for upwards of 100 miles to the eastward,
traverses a plain where the fall varies between 20 and 30
inches, Beyond this, all the northern portion of the
Hyderabad state, which is drained partly by the main river
and partly by its tributary the Manjira, has a rainfall be-
tween 30 and 40 inches. The Godavery joins the Pranhita
at Sironcha. Below this point, the only important additions

o
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to its volume are from the hill country of Bustar to the
north of the main stream; of the rainfall of this tract
nothing is known, except for a few places about the head
waters of the Indravati, where it amounts to between 60
and 70 inches. I do not therefore attempt any estimate
of the drainage of the Godavery below Sironcha.

The Bhima drains about 100 miles of the eastern face of
the Ghat range, and its subsequent course to its junction
with the Kistna, a distance of more than 250 miles in a
direct line, lies entirely through a country where the rain-
fall is below 30 inches, in places below 20. The Kistna,
above this junction, receives the drainage of more than 250
miles of the Ghats, and then traverses nearly 200 miles of
the same dry tract of the Deccan; and the Tungabhadra,
its great southern feeder, drains about 150 miles of the

- Ghats, and then, also for about 200 miles, crosses the same

plain and the equally dry and even drier districts of Nor-
thern Mysore and Bellary. The lower course of the Kistna,
below the junction of the Tungabhadra near Kurnool, is
partly through a country where it is below 30 inches, but
in the Nullamalai hill tract below Kurnool, and in that
traversed in the last 80 miles of its course, the rainfall ex-
ceeds this amount. The estimated averages of these several

" rivers are as follow :—

Godavery and

Wardha . 40 ,, % Pranhita and tributaries 41 in,
tributaries .

Paingunga . 89 ,,
Godavery and Manjira, above Sironcha . . 87,
3 Bhima and Sina . 49in.

3 Waingunga . 52 in.

Kistna and tri-

Kistna above junction §9 ,,
butaries

Tungabhadra . . 43,
Kistna below junction 33 ,,

Whole  Kistna
basin . . 49 ,,

Rivers of the Carnatic.—The very dry tract in the
north-east of Mysore and the rocky hills between Bellary
and Cuddapah are drained by the Pennaur, which flows past
Nellore to the Coromandel coast ; the remainder of Mysore,
to the south of this river basin and that of the Tungabhadra,
by the Palar, which enters the sea near Chingleput; the

Panar, which debouches at Cuddalore ; and the Cauvery. Of
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these rivers, the last only has its sources under the crest of
the Western Ghats. The others take their rise in the
hilly but not very elevated country of Eastern Mysore, where
the rainfall is about 30 inches or somewhat less, and then
descending the Eastern Ghats, cross the Carnatic plain, the
Palar and Panar receiving a considerable accession from the

isolated hill groups that intervene between the Ghats and the -

coast plain, and which, to judge from the rainfall register of
Yercaud on the Shevaroys, have a rainfall in some places
exceeding 60 inches. A smaller river, the Vellaur, which
enters the sea at Porto Novo, also brings down part of the
drainage of these hills. The Cauvery alone receives a con-
siderable flood drainage from the Western Ghat range
during the summer monsoon. It then traverses the com-
paratively dry tableland of Southern Mysore, and descend-
ing to a lower level through the Baramahal, where the
rainfall exceeds 30 inches, crosses another dry tract lying
to the west of the hill groups above mentioned. Finally,
passing Trichinopoly, it spreads out its delta in the fertile
district of Tanjore, which it irrigates with its flood waters,
and itself receives a rainfall of over 40 inches, chiefly at a
later season.

To the south of the Cauvery the only stream of im-
portance is the Vigay, which drains the eastern slopes of
the Pulni hills, where the rainfall is probably about the
same as on the Nilgiris, which they rival in height. 1In the
lower hills around Madura, which also, in part, drain into
the Vigay, the rainfall is over 30 inches; but the plain
beyond, intervening between these hills and the coast, is
for the most part very,dry, and, like the Carnatic, receives
its chief rainfall towards the end of the year. The annual
average around the lower course of the river is between 20
and 30 inches, and very precarious. The mean rainfall
on the drainage basins of these several rivers has been
computed as follows :— ‘

Pennaur . . . . 26 inches.
Palar . . . . 36 ,,
Panar . . . . 38

o
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Vellaur . . . . 40 inches.
Cauvery . . . . 4
Vigay_ . . . . 32

The Tapti and Nerbudda.—These two rivers, together,
receive the whole drainage of the Satpura range, except that
of its eastern extremity, which is shared by the Sone, the
Mahanadi, and the Godavery. The Nerbudda carries down
little beyond this and the rainfall of the long narrow plain
through which it flows, since the Central Indian tableland,
which rises a mile or two to the north of the main stream,
contributes nothing of importance to its volume. The rain-
fall of the Satpura range is locally very variable. In places
it is upwards of 60 or 70 inches, but most of the stations at
2000 feet or less have a fall of about 50 inches or somewhat
uhder. The eastern end of the Nerbudda valley has as much
as 50 inches, but the rainfall diminishes to between 30 and
40 inches in the western half, below Khandwa. Still
farther west, the Malwa Ghats, to the north of the river,
have & rainfall between 40 and 50 inches, and some part of
this drains into the Nerbudda; but the monsoon of the
Arabian Sea, which brings its torrential rainfall to the
Western Ghats south of the Tapti, reaches only occasionally
so far north, and under ordinary circumstances is more or
less diluted and intermingled with the drier currents of the
Indus region.

The Tapti and its main tributary the Poorna have their
sources in the Gawilgarh hills, where the rainfall is nearly
as high as at Pachmarhi. But after leaving these hills they
flow through the high plains of Berar and Khandesh, in a
great part of which the annual average is below 30 inches,
receiving from the south only the scanty drainage of a tract
of the northern Deccan, where the fall is of even less
amount. Only the last 80 miles of its course, where it
skirts the northern extremity of the Sahyadri or Western
Ghat range, and crosses the coast plain of Surat, is through a
wetter country. The rainfall here amounts to between 40
and 50 inches, and is doubtless higher on the hills that
hem in its channel
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Both the Nerbudda and Tapti are subject to occasional
floods of great destructiveness, arising from cyclonic rainfalls
on the Satpuras, such as have already been referred to in
the earlier part of this section. The mean rainfalls of their
basins are respectively as follow :—

Nerbudda . . . . 48 inches.
Tapti . . . . 3

The Looni—This river carries off the uncertain and
intermittent drainage of the west face of the Aravali range
to the north of Mount Abu; and its main course lies
through the arid plain of Western Rajputana, where rain at
any season is very precarious, and the averages of many
years vary between 10 and 15 inches. The soil of the
country around the lower course of the Looni is strongly
impregnated with salt, and in the dry season the water of
the river, as described by Mr. W. T. Blanford, is not merely
brackish, but decidedly salt; whence the name of the river.

Looni . . . . 18 inches.

Wind Pressure.— The pressure of the wind, as an
element to be considered in providing for due stability in
bridges and other structures, is usually so low in India as to
be practically negligible. It has been mentioned in the
former part of this work that, except in some few parts of
the country during the height of the summer monsoon, the
wind is too light to allow of the introduction of windmills
as a source of motive power, with any prospect of success.
But there are few parts of the country that are not liable
to occasional storms, either the temporary squalls of the hot
season, or the more lasting and destructive cyclones; and
therefore the pressure of the wind on the vertical surfaces
of structures cannot be left entirely out of account, though
the occasions on which it may put their stability to the
proof are rare and may not occur more than once in many
years.

There exist very few continuous registers of wind pressures
for India. The best and longest available to me is that of
the Calcutta observatory, which extends over the 10 years
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from April 1867 to March 1877. The instrument used
was a self-registering Osler’s pressure gauge, exposing a
pressure plate of 1 square foot of surface to the direct
action of the wind. It was verified more than once, and
the indications may therefore be accepted with confidence,
in so far as such an instrument is capable of affording
trustworthy data. It was set up at an elevation of 73 feet
above the ground, on the old office of the Surveyor-General,
in Park Street, Chowringhee. During these 10 years the
following pressures were registered, omitting all below 10
lbs. to the square foot :—

10 to 19'9 1bs. . . . 34 days,
20 to 299 ,, . . . 7,
30 to 399 ,, . . . 8
40 to 499 ,, . . . 3 .,
50 1bs. 1

this. last being the highest the instrument was capable of
registering. * This was recorded in the cyclone of the 9th

- June 1869, a by no means severe storm as experienced at

Calcutta, and one that caused but little damage. The lowest
barometer reading at Calcutta was 28713 inches. In the
great cyclone of 1864, which swept the port of its shipping

"and the city of its trees, and was one of the most destruc-

tive storms on record, the pressure gauge was blown away
when it had recorded 33 Ibs. to the square foot; and, at the
time of that of the 1st and 2d November 1867, it was dis-
mounted and under repair. There is therefore no register
of the maximum pressure in a great destructive storm. But
it must certainly considerably exceed 50 Ibs. It cannot be
computed directly from the mean recorded velocity of the

~wind, because this is by no means constant; the wind

comes in violent intermittent gusts, the pressure oscillating
from about 10 lbs., during the lulls, to its maximum.
Nearly all the remaining instances above tabulated
occurred in nor'-westers, and rarely more than one gust of the
maximum pressure, lasting a few seconds only, has been
registered in the same storm.
At Bombay an Osler’s pressure gauge was in operation



288 CLIMATES AND WEATHER OF INDIA

from 1847 to 1865. Mr. Chambers states that the
maximum pressure of the wind recorded by it was “in the
hurricane of the 1st and 2d November 1854, and exceeded
29'5 1lbs, on attaining which the instrument became de-
ranged.” He estimates its maximum force at 50 lbs. A
pressure of 35 lbs. in the same storm was recorded with a
Lind’s wind gauge.

These are the only instrumental records of wind pressure,
known to me, that relate to Indian storms. In the Midna-
pore and Burdwan cyclone of the 16th October 1874, it is
recorded in Mr. Willson’s report, that a railway train of
twenty-five carriages, standing on the line at Kanoo junction,
was blown over. Mr. Willson obtained the dimensions
and weights of the several carriages composing it, and con-
sidering them as empty carriages (which they were not),
computed the minimum pressure requisite to overturn each
vehicle separately. This he found to range from 341 to
556 1bs. per square foot. But he remarks that the rails
at the place of the occurrence are about 6 feet above the
level of the surrounding country, and the lifting force of the
wind, under the carriages, which was not- considered in the
calculation, probably helped to upset them.

APPENDICES



APPENDIX I

Tre following tables give the mean and extreme daily and ax.m.ual
temperatures, and their daily, monthly, and annual range ; the humidity,
cloud proportion, rainfall (quantity and frequency), and the mean
monthly barometric pressure and daily range, at 92 stations, selected
from those of the Indian Government observatories. With one or two
exceptions the mean values are taken from the tables in the Official
Report for 1885, neglecting fractions of Fahrenheit degrees, hundredths
of the rainfall inch, and thousandths of the barometric inch. The
mean temperature-extremes and ranges, the mean barometric range
(ciiurnal), and the mean number of rainy days have been computed
specially for this work from the published reports of the Meteorological
Offices of India and Bengal. The montbly rainfall data, those of the
wettest and driest years, and the annual extreme temperatures have
been corrected up to 1886. The elevations are those of the barometer

cisterns above mean sea level.
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1. QuErTA—Elevation 5501 feet
TEMPERATURE. E g RaiNraLL. | BAROMETER.
H |3
M. Range.
§8gl8s s a2l 28] § |58
S35\ 520515 5|4 2 a8
Risle =
January .| 40 | 63 129 | 24 | 48|65 |41 16 712468108
February .1 40152 131)21146166 43| 19 7 64 ) ‘07
March . .1 B0 |64 )40 | 24 | 47 | 59 (49| 24 8 ‘83| 07
April . .| 68|72 )46 26| 47 | 52 (39 13 8 59} 07
ay . .| 6618316313047 421292} 05 3 55 +08
June . L[ 7417959814241 (12| 01 1 ‘44 | -07
July . .| 771926527 )43 |47 |17 08 2 40 | 07
August. .| 7519116328 42143 (17! 06| 2 451 +08
September . | 67 {86 | 52|84 5038707 02| 1 ‘55 | *08
October . (56751408553 )41 05! 01]... *69 | *08
November . | 46 | 64 | 30 | 34 | 52 | 49 (09| 0 73108
December , | 41 | 57 | 28 {29 | 43 | 54 132| 04 1 71| 08
Year . | b8 49 | 24) 99 | 40 | 2459
Mean highest temperature of year 99° Absolute range of temperature . 92:2°
» lowest 15° Rainfall of wettest year (9 years) 21'6” (1885)

,»_ annual range (;'t temperat'{lre 84°

driest

427 1879§

Highest recorded reading (9 years) 103° 518;8) Ra.h;i' days in gettest: 'year (B”ye&rs) 78 (1885
8 ri

Lowest » ' »  10°8°(1878)

L ” o8 1"

2. Len—Elevation 11,503 feet

s 18 (1880

TEMPERATURE., E 8 RAINFALL. | BAROMETER.
" |8 '

M. Range. g

-BEEIEE | 2 212181 § (2
$13588 |2 2 g g|& (8| & |42

Ale|H
January 118135 (11| 25144(61[64/02] 4 119'64) 07
February .| 19| 35 9)26148)6116:7]02| 5 58 | ‘08
March . .| 31146 | 20| 26150|56)65|02| 2 67 | -08
April . {41167 (31]126[4314216:4101!] 1 67 08
ay . .| 47 |64 |36 | 27|44 )40(65(0:1] 2 ‘68 | 08
June . .| 68174144 130)50|37|49/02] 1 ‘64 | 09
July . .1 62180 (5120144 (144(51105! 8 ‘601 10
August .1 6080508014548 |51/04| 8 ‘63| *11
September . | 52 | 72 | 42 | 80 | 46 | 44 [ 40|02 1 ‘69| ‘11
Qctober .40 {59 1180|2047 (41 (89(05] ... 731 10
November . |30 |47 [ 2027|4350 (40(0 . 72§ 09
Decomber . |23 [30}13)26)41|58|53|01] 2 70 | +08
40 49 (54127124 |19-66
Mean highest temperature of year 90: Absolute range of temperature . 110°

sy lowes , »
»_ 8nnualrange o{tem rature 94°

driest

Rainfall of wettest year (11 years) 54” (1879)

04" (1876)

Highest recorded reading (10 years) 98° (1876) | Rainy days in wettest year (8 years) 48 (1886
Loweat 7 riest § ;

Qsve

» ” » =1

”» ” d ”

8 (1878

?”
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3. MurRReE—Elevation 6344 feet

TEMPERATURE, :’; RAINFALL. | BAROMETER.
i3
M. Range. o,
g 1gwl88 =72 .1 . G | B 2
RN PN R S
! |2 | %=
Janu; 39 | 50| 86 | 14| 34 | 57 (b7 28 4 12388 | 04
F:br:;¥y 39 | 48 [ 34 l 14 (34|61 [54( 34 5| 84|-04
March . 49 | 59 44 1540|5361 37| 8 86 | 04
April . 57 1685111740 |61 |55| 48| 10 ‘83 (‘08
ay ’ 66 | 75| 58 | 17 | 41 | 47 [ 44| 388 9 79 | "08
June 7183|6517 |42 |48 (37| 24| 7 72 | -04
July . 68 | 78 | 63 | 15| 34 | 72 (62|11'0 | 14 ‘70 | 04
August . 67 | 76 | 6214 | 28 | 80 |61 {140 | 18 74| 04
September 65 74 | 5916|3069 (36( 61 9 ‘883 | 04
October 58 |69 | 63|16 | 34 | 46 (22| 22| 4 ‘02 | <04
November 40160)45 | 156( 33 )44({29} 17| 8 ‘98| ‘04
December 43 | 64 |1 40| 14 | 33 |49 (45 12| 1 ‘92 | -04
Year 56 56 | 4'7 {666 | 92 | 23'83

Mean highest temperatare of year gg:

of tem rature 69°

, lowest

Absolute range o('wmpernture . B2*
Rainfall of wroittest year(12 years) 718" 1885;

sunual ran 1860) | Rainy daysinuattest’ ('yoarsy 138 (1500
I 087" ear (11 years,
st restng Gy T 5 | s gl iz )
4. SiMraA—Elevation 7048 feet
TEMPERATURE, g g RAINFALL, | BAROMETER.
|8
M. Range.
s 8
§ 189(88 21+ s | 8| § |28
135|555 s 9| 2|8 & |33
H|R| = |
January 41 | 54 (8811636 58 |50| 28| 3)]2829°08
February 41 1 53186 |17 | 84| 66 {50 27 ] ‘24 | -05
March . 50163} 451181401 53 150] 80 6 27 | "0b
April 58 | 72| 52 (20| 38 | 51 {46 | 28 6 26 { *0b
May 64 | 77|57 (203949 41| 47 9 22 | 05
June 67 | 79161 | 18|86 |64)61) 79|10 '15 | -05
July . 64 | 73|61 12122 |88 (85([198]21 ‘12 | -06
Aungust . 63 |71 (60| 11}2091|86/[181 (22 16 | -05
September 61 (72|58 [14)28|82{62| 6012 26 | 06
October 56 | 68 (51 )17 |28 (5831{10f 14| 2 ‘33 | -06
November 49 |61 14311831 |80 (15|08 1 32| 06
December 45 | 57 | 40|17 | 30) 47 85| 11| 2 *81 | *06
Year 55 62 14:970°1 | 99 | 2824
Mean highest f 88° Absolute f to t 4T
b et 3 | ARSI T e
Hig he:'t’?e'ﬁrmgme °fx“ngm 1years)94 - asrs Rainy days &’i?SEte.i’ m(l'z'ye-rg?so 1867
'GATS, X
Lowest " " ,{ 19'7‘8883; (¥sa4-1sss y

| Rainy days in driest year (12 years) 74 (1877)
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5 CHAKRATA—Elevation 7052 feet
TEMPERATURE. g RAINFALL, | BAROMETER.
[
M. Range.
1 M| g - o i O
g g8 . % =S =%
ERLENR & 184 ¢ =] &| & |35
Q= |83
January 42 |61 /35|16 |35(63|45| 28 52326 -05
February 43 |51 (35116 |34 | 63 14:8| 27 7 221 ‘05
March , 61 162 |44 |18 |40 (53 42| 32 6 25 | 05
April 60 |70 150 (19 | 39.| 46 (37| 17 6 24 | 04
May 64 173 |55 1887|5188 229 10 20 | 04
June 67 |75 )60 )15 3166 ]52] 75| 12 ‘13 | 06
July . 64 (70 60 ) 10| 21 |91 {87]|172] @23 ‘111 +05
August. 64 170|159 | 10199186157 24 ‘15| -05
September 63 (69| 68)12|21 |8 (67| 56| 12 23105
October 68 166 1511152815918 07 2 30 | -05
November 61 |59 |43 1629566 15| 02 1 *31 | 05
December 46 | 55 (89 |16 |31 | 52 /33| 11 2 *30 | 05
Year 56 65 ) 4:7 (608 | 110 | 23-22
Mean {dghe:t temperature of year 85° Absolute range of temperature , 709°
» lowest °

». annualrange of temperature 61°
Highest recorded readin,

Lowest

»

g (11 yrs.)89°6° 51377; Rainy daysin wettest year (12 years)127
»oagraew) |, 7 driest

1885

Rainfall of wettest year (18 years) 80-7” (1885%
1877

driest 42:27 zlsoo
" ” 95

6. Ravikurr—Elevation 6069 feet

TEMPERATURE. E 8 RAINFALL, | BAROMETER.
R
. M. Range.
g g Hle E. = # -l ',;-g
S|182035 5581508 &) & |53
A s (==
January 46 |55 | 42 113 132 | 61 (88| 19| 3 |2412] 08
Febr\mry 48 1656 140 ) 1583160 (46| 20 5 ‘08 | 06
March . 5716549 16|87 (52|38 22 5 09 | *06
April 65 (78 166 | 17 {84 | 45 {84| 1 '3 4 ‘06 | *06
ay 68 176 |59 (171345238 30 10 02| +05
June 7117816414281 64|56 6°0] 11 | 230405
Ju]y . 68 {7463 |11/20]|85]87 127] 21 93 | -05
August . 87 |73 |62 |11]19 |86 |85 11.6| 20 ‘96 | 06
September 66 | 73 | 61 | 12| 22| 80 | 61 60 11 [24:03|-06
October 61 169 |54 15| 25{61 16| 1 1 2 ‘11 06
November 55|62 |47 | 15|27 1|57 |12 03 1 ‘154 06
December 49 157 143 |14 |28 |56[26] 10 2 ‘14 06
Year 60 63 | 45|49-1| 95 |24-05
Mean highest temperature of year 86° Absolute range of temperature . 61-8°
5 lowest y »w  B0° Rainfall of wettest year (16 years) 6127 (1874
»_ annualrange of temperature 56° " dries v " 2647 (1878
Hi’ghest recorded readingzl,: years)87:8°(1876) | Rainydaysin wettest year (12 years) 107 1884§
Lowest ,, 'y ’ 26° gl 877; rieat

1 ” d 1 ” 83 1877)
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7. Darsrrina—Elevation (Old Observatory) 6912 feet

TEMPERATURE. g E RAINFALL. | BAROMETER.
|3
M. Range. . N &
= = ] =] é o o ';, 28
§lAa|2=|z141514| ¢ | & £ &3
Elx|=]|=
January . | 415035 |15|27 |78 |67 07 2 (2340 | 08
February .44 |53 |87 (16(80 {78 |69{ 12| 4 *88 | 07
March .| 50 6144117 [ 32|71 ]58 24 5 88 | <07
April . .1 566|867 (5017|2977 |61 871 11 *37 | -08
ay . .| 5968|5316 27 |84 (72 71| 18 35 | -07
June . .| 6269 | 58|11 |21 (9187 241 | 24 28 | -08
July . .|]63 |70 (5659|1119 | 92|87 | 30°5| 28 28 | *08
Angust .|63 7059|1119 (92 85| 260]| 26 82| 07
September . [ 61 | 69 | 57 { 12 | 21 | 91 |81 | 17°8| 22 ‘88 | 08
October .| 6766 51|15 26|81 |52 64 7 ‘44 | ‘08
November . | 50 | 60 | 43 | 17 | 28 | 76 | 44 02| 1 *47 | *08
December . |44 | 54|87 |17 |27 | 73 [4°3 02 1 46 | *08
Year . | 54 i 82 |65 )120°3| 149 | 23-38
° ba f temperature . 58-2°
e e, eperature of year [ ﬁmﬁ}a‘.‘&%?“w%ie‘ét e oara)100-9” (1870
,» annual range of tempemture 48° dries 772" §1873
- Highest recorded reading(12 years) 84- ‘251877; R.ulny days in wetbest.year(uyears) 17 1870%
Lowesat ”» »» » ” ”» ”» » 124 (1878,

8. Darsitine—Elevation (New Observatory) 7421 feet (4 years)

TEMPERATURE. g § RAINFALL, | BAROMETER.
[}

M. Range. ° .

SFEY — i | & § |28

| 85 . : g

g |25]58 & glglgl =483 |4

Alal=x (=

January ., | 40| 45|36 | 9] 21|83 43 07 3 {2800 | ‘08

February ., 139 {4533 |12} 29|82 |46 13 5229208

March. .| 47 156 |43 11327 |76 |47 17 4 96 | *08

April . .| 5362|4715 {29 75160 53 9 93 | -08

May . .1 64162149 |13 )27 )88 (72 7'7( 18 ‘92 | °08

June . .|b668)65 65|10 (20|92 [84] 284 21 87 | *07

July . .{61L{67 (57110} 168 {90486 2856 27 ‘86 | "06

August .|81[66 56|10 (16 |94 (80| 285 28 89 [ 07

September . { 59 [ 85 [ 55 | 10 | 19 [ 94 (81| 169 21 99 1 -07

QOctober . |54 (61 |49 12 |24 |87 |59 75 6 12305 |07

November . { 48 | 56 |43 | 13 [ 23 | 79 {37 01| . 04 | °08

December . |43 { 50 | 38 | 12 | 23 | 81 |38 05 1 02 | *08

Year . | 51 85 127°1 | 143 | 22-95
Mean highest temperature of year 72° Absolute range of temperature . 52-2°
s lowest 25° Rainfall of wettest yw [¢] years) 14427 (1882)
annual range of temperature 47° dries| " 107°5”
nfgnest recorded reading (5 years) 72 1° Rainy daysin ettest’ year ,, 151 18852
Lowest ,, " o W@l driest ,, ,, 124 (1888
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9. SEiLLoNG—Elevation 4792 feet (4 years)
TEMPERATURE, x § RAINFALL,
g3
) M.Range, °
g2 ldu|dzs %
§ (54|85 ‘R g | B
SR AR AR RN
- Ri=| ==
January . . . .| 5162 (42203170 256 04 1
February . . .| 64164 46 (18 (80 (6534 08 4
March . . .| 62 (71|54 |17 )32)59 81| 20 5
April . . . .| 667456581629 65|52 37! 11
ay ) . . .|168|76163)183 22| 77166|100| 21
June . . . .| 6976 (65|11 (18 (84 (7-8[170| 24
July R . . .| 69} 76166 |10} 16| 87 |86 14°0] 22
August . . . .|]69]76 |65 (11|17 |88 85 |14'4] 23
September . . .1 67174164 )10)20 )89 )81)15'4] 22
October . . . .| 63|72 (581412586 (62| 62] 18
November . . 1571664917180 76|34 10 3
December . . 1511614211931 |75(32| 04 1
Year . . . .| 62 77 15685631150
Mean highest temperature of year 82° Absolute range of temperature . 515
» lowest 84° Rainfall of wettest year (20 yeam)121 2” (1867)
annual range 'of tempemture 48° driest 536" (1878)

H{ghest recorded reading (4 years 84 1872 Rain days in wettest ear (18 years) 191
Lomrest g4y ) 572; ({sym) year(18years)

Rainy days in driest year (18 years) 109 (1868)

”» 2 ”

10. PacamarAI—Elevation 3528 feet

TEMPERATURE. E % RAINFALL. | BAROMETER.
=<}
M. Range. ©

g8kl 8a a b g

RKE: ] % = =

SIRRER| £ g g | f 8| 4 |Ad

RliElR =

January. . |58 (72|47 |25 41]52|22] 05 2 |2655|-09

February . |62 |75 |51 )24 |42 43{21( 03 2 62| *09

March . .17218 1860254432721 04] 1 49 | *10

April .| 7992 (6923|3826 |22 03 2 ‘42| 10

May . .1 83194 |74(20(384]|32({28] 06 4 ‘34109

June . .| 78[86| 7214306566108 14 24 | 08

July . 1711761671 9118|189 !87]288) 25 21 -07

August .|70175]|67! 8|16 90 84182 23 26 | -07

September . {70 (77 | 66 | 11 |20 | 83 [7-8{156-1{ 17 ‘34 | 09

October .| 671786117 132(|61|29] 1'9 5 48 | -09

November . | 60|78 |50 |23 (8653 |19 04 1 54 | *09
December . | 56|70 | 46 | 25 | 38 | 64 | 2:0] o7 2 *56 | *09 !
Year . [ 69 57 141780 98 41 \

Mean highest temperature of year 100° Absolute range of temperature . 72-4°
» lowest 85° Rainfall ofwettestyenr (16 yens)lOﬁ 1"(1871)
,»_ annual range of temperature 65° riest ,, "

pe

Highest recorded reading(11 yrs. )102 4‘ (1881; (1880 1885)

Lowest |, s » 80° (1878) | Rainy daysin wetbe:t year (11 years) 115 ?878;
70 (1876,
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11, CHIRALDA—Elevation 3656 feet

TEMPERATURE. i g RAINFALL, | BAROMETER.
[+
M. Range
Il £ Zt
AR s(€)glq| 2|5 8 |33
a8 | =[x
January .| 6478|6617 |81|52(17| 05| 1 (26'43]°10
February .| 6777691183643 /18| 01| 1 89 { ‘10
March . .| 7686719 ) 35|84 18] 04] 1 87|11
April . . 811927220 |31|27]20] 01| 2 29 11
May . .| 8294731213335 (24| 05 8 22 | *10
June . .| 76| 84|69 15|30 (69 64[11'9| 15 ‘13 | *08
July . .1 697468 8)|19)918917°8) 24 11 | -08
August. .| 6878165 8|15 9287166 22 ‘14 | *08
September , | 68174]165) 9| 19|89 )7°6]12°3) 19 21 | 09
October .[60]|77|64[18|22(63|80( 46] 6 *85 | 08
November .| 65| 741591525 (56518 06| 2 40| '10
December . [ 62| 72(65(17 27|53 (1'9] 18] 2 48 | 10
Year . 170 59 | 40686 98 ) 26'29
f year 99' Absolute range of temperature. 63°5°
M?,an 11::522“ fomperatire of ¥ Rainfall of wgtetest yenrpglb years) 07" 1" 1867;
,; @nnual range of tem; eratnre driest 898 66,
Highest racordegread(ng 11 yuu)los‘ ?mg Ra(ny days lnwett?t yoar (11 yr8.) 121 %l 1884 ;
WOB! ” ” ” »

12. MounT ABU~—Elevation 8945 feet

TEMPERATORE, g g RaiNFALL. | BAROMETER.
<]
M. Range.
d wl8d g g | 2%
g : 2
BlE8 8194050 28] 8|58
g S | = | =
January .| 5816815216384 |390 ;26| 02| 12615/ -07
February .| 60|69 |63}|16|86|34)80) 04 1 10 | -07
March . .| 69| 79)62)17 136 |80(29)] 01| 1 ‘08 | 08
April® . .| 7561851671181 82|201(26] 0 1 03 ) 08
ay . {79189 |71 18)83|85]2:0] 10 3 |2596!|-07
June . .l761 81601151 27165|565| 51 8 86 | 08
July . .| 70|75 66 9258587222 22 ‘82 | 06
August . .]168173 65| 8| 2087 ({84(225]22 86 | ‘06
September . {69 | 76| 65|11 ;217664 91| 15 96 | 07
QOctober |70 7964 115|271 45(|24] 21| 2 |2800 {07
November .| 64| 74157 |17 | 28186(11) 02} 1 ‘13 { ‘08
December . |59 (70 83 |17 (30)41(19] ¢2( 1 ‘14 | 07
Year .| 68 50 401631 78 |26'02
Mean highest te! tnreofyw%" Absolute f te! ture . 689"

:’an logve? Tpera 30° Ral:r:ll o?wngettgst y:lr)e(; yem) 128" (1862
ne:gns'&lﬁ%tﬁ?m?m%r 1881 lhin dl ?:w:mst (] urls)g }g&
lipsstroconded rading (0 eam) o {iore) | Tiny days in mottent yeur (5 1886
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18. OoracaMuND—Elevation 7252 feet (13 Months)?

TEMPERATURE. E g RarsFarL, | BAROMETER.
o]
M. Range.

g =] Py D

é + g =

1848 slglgl 2B F |5

dlg| ==

January . [ 486685 81|44 (5519 05 123201 08

Febrnary . |51 (68 (30| 20! 42|61(42] 02| 221407

March . .| 85|71 144 |27 | 45|46 (33| 12 1 23 [ -08

April . .| 681721561121 ]120]|64 56 39| 11 20} 08

May . .| 5971 |53|18 (81|70 |64 82| 16 16 | *09

June .| 56165 (58)12]|23)|84 87| 60| 17 ‘13| -06

July . .55 (62]52(10(20184/92| 56| 23 ‘14 1 °05

August . .| 85|68 [51]12(24|82(86( 42 19 ‘14| 07

September , | 55 | 63 | 50 [ 18 | 25 | 79 | 80| 37| 13 16 | ‘07

October .| b4 | 64| 50|14 24|89 (87| 98| 22 21 { -09

November . |53 | 63|47 163590 67| 29! 16 20 | 07

December . | 51 | 64 |42 {22 {35 |71[49| 16 4 18| 07

Year . | b6 71 16'3|45°8 | 143 | 23'18
Highest e . ° infall of wet 5847 (1830,
8 Lo recorded bempt’;’ratuxe s 77 8 Rai f 1of wet te:t ye,ar (10 y:ars) e &227;
Range during year . . . . . . . 62"

1 The rainfall is the mean of 11 years,

14. WELLINGTON—Elevation 6200 feet

TEMPERATURE. :Di RAINFALL. | BAROMETER.
|3

M. Range .

-] g 5 3]

d =] . R o 2 g =0

ERREILE 14044 5| &| 2 (&5

Al g| ==

January .| 565|166 |45 |21 | 3470338 08 312426 -07

Febrnary . |58 |70 |46 | 24 | 37| 60 |2:8| 03 1 26 | ‘08

March . .| 6374|5321 (381|600 |29 20 [] 27 | -08

April .1 65|76 |56|20(26|63]|44] 29 7 28 | -08

May . .| 66|76 5917|2669 56| 41! 14 20 | -07

June . .| 6317215814 (22|75|74! 36| 15 16 | *06

Juy . |63 (715813 |22|73/75) 32| 14 ‘16 | <06

August . 16217157 )14|22|77174] 40| 16 17 | 07

September . | 62| 71 | 56 |16 (25| 76 | 69| 47| 13 ‘19 | -07

October . 18116856518 )22|84 738 58| 18 211 08

November . | 58 | 66 | 53 | 13 | 28 | 84 71| 85| 16 24 | 08

December . ! 56| 65(48 |17 |34 | 78 |56) 41| 10 26 | 07

Year .| 81 72157480/ 183 22
Mean highest temperature of year 80° Absolute range of tem re. 46-7°

2 lowes pe 7 8r Rainfall of weg:i‘est yeal?glx:tyl:aars) 38 ;1" 1885
Me&nannualn.n oftemperature 43° driest ,, a  40UTT7 51876;
Highest recordetfe readmg (7 years) 80'90° 51888; Rain y days in wettest year ,, 158 (1880
Lowest »  34:2° (1885, » driest ,, 75 51876
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15. NEwara ErLrya—Elovation 6240 feet
TEMPERATURE, g g RAINFALL. | BAROMETER.
<]
M. Range. © .
a o 3
g4 5 2 .| 4 . 4 B =
5 =2 2% 2| F 0§18~ |48 g &
Ela|=| =
January 57 |67 |48 (193181 (50| 56 11 [24:01( ¢
February 67 160 )46 |24 13873 (38] 25| 6 02| ¢t
March . 59 |70 1 46 | 24 (86 | 78 140 3°0 8 08| ¢
April 60 (71 48 |23 |83 |78 (50| 66| 12 01] ?
ay 611705218 30|83 |57 82| 142399 ¢
June 59 [ 65 | 53 ({12122 | 88 {80144 23 ‘98| ¢
July . 68 |64 [ 52 |12 23|88 |75(137( 22 ‘98 ¢
August’, 69 |65 | 52 13|28 |88 |72 94 22 ‘98| 1
September 69 |68 |52 |14 (24| 86 66| 89| 18 99 1
October 59 1 67 | 51 |16 | 26| 87 |64 |10°5]| 28 | 2400} ?
November 59 | 67 {60 |17 [ 28 |85 |568) 92| 19 02] ¢
December 68 (66 | 49 |17 (80|83 |56 79| 17 ‘01| ¢
Year 59 83 [59|989( 195 | 24:00| ?
i f K lute f te! t . 47
M et o uporataro of yar G4, Ratnfellof webtant yoar (1 yoars) i29-3# (1882
,  annual range of temperature 42° N driest ,, " 754" (1870,
)I{ghest recorded reading (11 years) 70° 877; Rainy daysin wettest year (11 years) 229 (1877
Lowest ” ”» {9 years) 32° (1888 » s drlest ” ” 177 (1881
16. PEsHAwAR—Elevation 1110 feet
TEMPERATURE. g g RAINFALL | BAROMETER.
|8
M. Range. 8
g a2 =] b
g g8 . . o g § =
s | = g =2\ 254187 & = A3
arm |l &=
January R 65 |80 126 |40 |62 45| 16| 3289609
February 62| 66|40 | 26|43 | 57 |41 12| 8 ‘911 ‘10
March . 62 76 | 61 | 25 | 47 { 57 {48 18| 4 ‘88| 10
April 70| 8560|2546 5561456 20| b 69 | *10
ay 80| 96 168 |28 |48 43130 07( 3 66! ‘10
June 89110576 29|47 (3022 08| 1 39 | *10
July . 89103 |78 | 25 {41 51 126} 17, 8 37111
August . 871100 (7812288 |59 (27| 20| 8 43 | ‘11
September 81 05 |70 12513966 17| 08| 2 59 | '11
October 71 86 |57 |20 {46 |48 {15] 02| 1 79110
November 58 | 76 144 132(50(55({19( 06! ¢ ‘91| 10
December 51 67 |38 |20 )44162|38| 06 2 97 | -10
Year 70 54 /131135 32 | 2870

Mean highest temperature of year 115°

5 » 29
annual range of temperature 86°

» lowest
High
Lowest ,,

dries
est recorded reading (10 years) 119° (1880) | Rainy days inwottest year (12 years) 51 (1886
» " 24'7'88793 ,.y ,y' driest year(2y )19 1875

Absolute range of temperature . 94°3°
Rainfall of wettest year (27 years) 273‘“' gg;zg

» ” ”
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17. Rawarrinpi—Elevation 1652 feet
TEMPERATURE,. g g RAINFALL, | BAROMETER.
|3
a M. Range.
s I 2 . - "~ 5 =31
g | 8= {88 . : . . @ <3 =&
s | =% =3 é‘ Elg18191& § a8
==
January 49| 64|38 26407243 24| 5 283708
February 52| 64 |40 (24 | 41|70 (42| 20! 5 81| +08
Mar_ch . 6l 76 50 9647 |64|43| 19| 5 25 | -08
April 71| 86|69 27|49 |58 (38] 23| ¢ ‘13| 08
May 81| 96167 |20 |49]51]28| 16| 5 ‘021 08
June 89 | 103 |74 |29 |48 |49 {21 17| 4 |27-88] 09
July . 87| 98 |76 (2242|6539 74| 9 ‘86 | ‘10
August . 84 05 | 76 |20 1385 | 72|87| 78] 11 *94 | 09
September 80| 94169 25 |838)|67 (20| 82! 62806/ 08
October 70| 87|56 |81)48|56|12] 06| 3 23 [ 08
November 67| 76 |42 (34|50 61[18| 09| 2| 34|08
December 60| 67 (3631|4367 (30 11| 8 39| 08
Year 69 63 [31|324] 64 [ 2815
Mean highest temperature of year 114° Absolute range of temperature . 94°1°
»  loweat s , ° Rainfall of wettest year (26 years) 46” (1875)
Bl et g o 158 | dny ety vy
! n ears) 118° (1880) | Rainy days i T
B st s (Cyam Qo e o e iy (13

18. Sravkore—Elevation 830 feet

TEMPERATURE. g é RAINFALL. | BAROMETER.
-
a M. Range. hd

E e . R 3 [y
CEEEEREEI I g & g |2

ARSI A

=] 5 (A | =
January 521 6743124 (3870 46| 14! 2{29-21]-08
February 66| 70 (45|25 (4168 (43| 18 4 ‘14 | -08
March . 66 | 82| 5527 (51|58 (45| 19| 3 05 | -08
April 77| 93 |66)27 (49|43 (39 16| 3 |2892!-08
May 851101 ({73 (2847 |38130| 12| 3 ‘811 -08
June 91 105 | 81| 24 (44 |44 (2:4| 32| 4| ‘66! -09
July . 87| 98|80 |18 [40)66 48|116| 9 ‘66 | 08
August . 861 0678|1834 {71147| 91| o 73|09
Beptember 83| 957412186 66271 32! 4 85 | -09
October 76 92162(130)|45 53 11! o06] 12903 *09
November 621 80| 49|31 |47 |56 (19| 04} 1 ‘161 08
December 63 70 142 (28|40 69 31| o8] 1 *20 | -08
Year 73 59 184368 44 | 2895
M«:m lllge'llﬁt temperature of year 191’1: Absolute range of temperature . 897

y». &nnual range"of tempemﬁn-e 83° dries
Highest recorded reading (10 yrs.; 1218 (1377; Rainy days in wettest year (12y
”» 3 driest

Lowest

”»

Rainfall of wettest year (27 years) 5497 862)
20-2” (1880

ears) 59 (1884
35

» (9 years) 81'6° (1878, N st ,,
(1876, 1880) ”
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19. LanorE—Elevation 782 feet

1

TEMPERATURE, g BAROMETER.

R
M. Rangs. d . g
855 880 5 | 18| § |28
LREEREEIE ilgl =8| 2 |34

2] -
Januar .| 54 68| 43 (25 60 (82| 07| 22934/ -08
Februa¥y .1 59| 7114825 57 |34 11| 8 28 1 08
March . .| 69) 835726 48 |31| 11| 2 ‘18 | -08
April . .| 81| 95|66 |29 37 |25 06| 3 05 | 09
ay . .1 881102 ) 73| 29 33 (24| 09| 8 |28:92]-08
June . .| 93] 107 | 81|26 37 129| 18| 8 77| 09
July . L1890 99| 81|18 58 |42 74| 7 ‘78 | 09
August . .| 88 ] 98| 80| 18 61 |37] 46| 6 *85 | 09
September . | 85| 97| 75 | 22 56 |17 24| 4 97 | -09
October. 177 93 (62 31 46 (08| 06| 1 [20:15/08
November .| 64| 81 49| 82 47 (12 02| 1 30 | 08
December . | 55| 71| 43 ] 28 66 (20 0B 2 85 | 08

Year .| 76 60 (26| 219 29-08

Mean highest temperature of year 117'
sy lowest 84.
,»»  annual range of tem: rature 88

Highest.record readmg 11yrs. )lgg 8° 21879

Lowest ,, ”»

20. LupaIANA—Elevation 812 feet

Rain 'daysin wettest ear(l2 47
yday drieat > ,’:")20 gma

Absolute range of temperature . 90°5°
Rainfall of w:itteatrym @ yen.n:) 87 8"

1875
1871
1881
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21. Derar—Elevation 718 feet
TEMPERATURE. ,’5 g RAINFALL. | BAROMETER. |,
=3
a a M. Range. . g
REE : gl & |&
M) s519)58) 25| FIES
=]
=] = =
January 71|48 {28 |38 |57 (34 10| 22932 10
February 75 (52|23 |42 (50 30| 05 2 26 | 10
March . 88162126149 |43({31| 07| 2 16 11
April 99 (72127 | 44 (33 (27| 04| 1 02|12
ay 104 1 78 {26 | 44 | 89 (22| 07| 8 |2892|-11
June 105 [ 84 (21 (40 | 48136 34 4 78 111
July . 85 (81 14|28 | 68|80 85| 10 78 | +09
August . 04 180 |14 | 25|68 |57) 69| 9 85 | 10
September 94 177117 | 27165 (35| 46f 51 -96|-11
October 92 68 | 24 1 38|49 |08 05 12914/ 10
November 83 |56 |27 |43 |45/(07) 01| ... 27|10
December 74 149 | 25 | 37 | 52 |1-8} 04| 1 33110
Year 51 (830|276 40 | 29:07
Mean highest temperature of year 116° Absolute range of temperature ., 81°3°
» lowest 40° Rainfall of wettest year (36 yeus) 436" (1860)
annual range "ot tempemture 76° dries 81" (1868)
Hfghestrecorded reading (11 yrs. )117 6° 21878 Rainy days in wettes{: year (12 years) 56 (1885)
Lowest » 868° 1878g fest 27 (1877)

” ”» ” 1N

22. Srrsa—Elevation 662 feet

TEMPERATURE, B 8 . | BAROMETER.
B |3

M. Range. g hg,
g S8 § 8 |2
Bl3E|8E| 54 g g| 2|E| 8|
R s (= :
January .1 52| 6943 26 65 |37 18| 3 [2923]|°10
February . (67| 71|46 ( 25 64 (36| 12| 8 17 | -09
March . .| 68 84| 57|27 55 (38| 16 8 ‘07 | 09
April . .| 78| 96| 66 | 80 60 (28| 09] 2289410
ay . .185|103| 72| 381 47 22| 12| 8 ‘83 1 -09
June . .| 91107 | 80|27 49 129 23 4 69 | *10
July . .| 86 99 | 80! 19 68 16°7| 971 9 69 | 10
August . .| 8 | 96|80 18 70 |62| 86| 7 76| -10
September . (83| 95|75 20 67 (28| 48| 4 *88 | 10
October {75 92164 28 54 |08 12| 1 |29-05]| -09
November .| 63| 80 ( 50| 30 62 1131 011 ... 18 1 *09
December .| 54| 71| 43| 28 61 26| 09 24 | 09

Year .| 73 59 131312 2898

Mean highest temperature of year 116°
, lowest 35
, annuslran, oftem

»

Absolute range of temperature  86°8°
Rainfall of wemlt year (27 years) 46 2” §872

H{ghmmmm ing Qi1 7, )us $°(1881) | Rainy dayu in wettest year(i2 yean) 55
west » ' ( years) 82°1(1878)

876
24 (1876,

1 A reading of 24" i8 recorded in December 1879, but it appears to be of very doubtful

walidity.

,. annual range'of tempera.ture 82°
H hestrecordedreading

Lowest ,,

TEMPERATURE. g :g RAINPALL. | BAROMETER.
B

M. Range. .

FRKE C ). 4 | B =%

Wk aTa]q] 4] 4 8| 12

8| §|=|=

January 71142 |20 | 46 | 55 (38| 07| 22939 09

February 76146 | 20 | 491 49 [40| 03| 1 *33 | 10

March 88 |57 81 |55)44|43) 05| 1 22§10

April 100 | 67 | 8 49 | 36 (836) 04! 2 ‘08 | ‘10

ay 106 | 76 ({30 [ 49 | 87 | 29| 06| 3 |2897|-10

June 107 |83 |24 | 43| 42 (85| 23] 8 83110

July . 100 [ 80 | 20 (36 | 60 (54| 87| 7 ‘82|10

August . 99 (801193060 54| 36| 5 89 |10

September 97 | 78124 |37 56|31 20| 5 |29°02 ‘10

Qctober 95163 | 82|49 389110{ 03| 1 20110

November 84 (48 |86 |52 |40 |12] ... | .. 381 -09

December 75|41 |34 |46 |51 26| 03| 1 *39 [ -09

Year 47 184 (147 31 | 2012
Mean }nghex:;t temperature of year 116 Absolute range of temperature , 88-4"

s lowes

Rainfall of w:ittest year (88 years) 246" 863;

11 )118'3° (1879) | Rainy d (i! estt 'y (12 )2” lggo
yra. y days in wettest year eArs) 49 5
9 years) 29+9° (1878 ; driest v £1880

” EH ) »”»
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23. DErA IspMAIL Knan—Elevation 573 feet 25. JacoBaBAD—Elevation 186 feet
TEMPERATURE. d g RAINFALL. | BAROMETER. . TEMPERATURE. 3 g RAINFALL. | BAROMETER.
o M. Range. ‘ 5 g M. Range. Q
g WG o = K| 8g N o i g
g4 (8§21 - 2 ) PR e 1 a 2%
§:i:=-§‘g ildi5|8) = |A4 §=£s:§g glg|2|2] & 25
" x| R , 2= =
January .| 52| 70 (41|29 )45 55 8:110'4] 2204909 , January . | 57| 74143|31 |48 |46 24}02| 1|2080] 12
February . 56| 7244|2846 50 129)07) 3 -44)°00 February . | 62| 77 |48 |29 |51 |39 [s2]o2| 2| -s2|-12
March . .| 67 83 | 55| 28 | 50 | 49 |82(09]| 8 ‘84 | °10 March .| 74 90 {60 | 30|54 | 41({33{0381 1 701 *13
April . .|| 92165|27 |48 |45(|29|08] 3| °20|°10 April . . [88| 99 (6831|5138 (31(02| 1| 56|13
May . Li871101 |74 |27 |49 |80 |18]04] 2 07 | 10 y .|911108 176132160 (8 ({14{01] 1 ‘42 | 12
June . .1 931107 |80)27 |44 |44 (16|06, 2 )2880)°10 June . .| 961111 | 83|28 |44 ! 42 11|01 ... 26 | *12
July . 191110818221 |41 59|28 18| 4 ‘89| 09 July . .|94(107 |83 24|37 |63|22]1-4] 3 24 | 12
August. .| 980|101 81|20 |36)|62[20]/16| 3 95| 09 August . .|917108 |81 (2 (33|58 |24f[1-4| 4 33 | 11
September . | 86 | 100 | 75 | 25 | 89 [ 66 |[1°0| 06| 2 | 29°10] 09 September . ! 88 | 101 (76 | 25 | 39 { 56 | 09103 | ... 47 111
October .75 08|62 {81 |48 |46 |05]/01] 1 *29 | <09 October .| 78 96 | 63 | 33 | 51 | 46 {04 ... 67 (11
November . |62 | 81|47 |34 (5248 1'4/0°1]| 1| -44/-08 November . [ 65 ( 84 | 650 (34 52145 |0°'9{0°1 ‘82 11
December . 1 54| 72|40 | 82|46 ]52[2:8|03| 1 51| 09 December . | 58| 75 |43 {32 |47 |48 118|011 ... ‘90 | ‘12
Year _{74 50 |,2°1 83| 27 | 29-22 Year .| 78 46 |19 44| 13 ) 29°59
7-‘ Absolute range of temperature . 95'5° Mean highest temperature of yes: ue Absolute £ .
M?n I‘Jﬁ‘lﬁ‘%‘“"‘”’“““ ofyear 1y Rainfall of wettest year (24 years) wz" ms; : ?:m v o Ralsr?f:llo;m!tmttyﬁrpggtygrs)lgllz 1860)
. mnw,“geofwmpemtum 86‘ driest 80, Mean annual nngeoftem erature 86° driest 077 (1881
H]ghestmcordedruding(uyrs)121 6“?88‘3 R&ln{lg;)s slgb ;venestyear(myean) sa mghestt recorded reading oyrs)lzg 9“833‘3 Rainydays in wetteatyear(!)yeus) 85 1878;
Lowest ., ” ” Rairfydaysin driest year (12 years) 12 (1880) ” " ” ” o driest o, o, 5 (1880)
24. MooLtaAN—Elevation 420 feet 26. HyperABAD—Elevation 94 feet
TEMPERATURE. g g RAINFALL. | BAROMETER. TEMPERATURE. - g RAINFALL.| BAROMETER,
|8 =
M. Range. . g M. Range. °©
o ﬂ“ o . X o a -] o] . el WlEg . o 5 g
g : g |Z 2] - | g . g | B =&
33:‘5::&'%;355;55 §§§§sag§§55§5
lg (A= Al2| ==
Jamusry . |54 | 70|43 |27 | 42 |68 |26 /04| 1 |29%4] 10 Januery ., | 63| 77 | 51|26 |45 |50 |19|02]| 1 |2996] 12
February . |58 | 74|46 |28 (45|562|26|03] 1 59 '10 February . (66| 80 | 5426 |48 [ 4326|021/ 1 -90 | -12
March . . |70 | 85|58 |27 |60 |60 |2405| 1| 48|11 C{March . .| 78| 9364|2051 )42(18({01]...[ -78 12
April . .]80 | 9668 30|49 |45|18/0:3f 1) -84(-12 April ., 185|101 (71|30 |44|43]|18({02] ... -<66]-11
May . , 1891104 |76 28|48 |45)1:83[05/) 1 201 *10 May . .} 91)108 178128 |44(45(|07(01] 1 53 | 11
June . . |94|107|82/25|40)51|10/04| 2| -05|-09 June . . 191103 (81|22 3453|1504 1| -37]-09
July . . |92{103{88|20|84|50 |28|22| 3| -03/-09 July . . |88) 99,8 |19 33 |61|29|28] 5| -36]-09
August. . [89|100|82 |18 (3164|2213 3| -10]-09 Avgust, . |88 95|78 |17 (29|65!31{82| 5] -44|-08
‘September . [87 1 99| 77122 84|62 (11108 1| -24(-10 September . | 86 | 97 | 77 |20 {31 |63 |17]08| 2| -58]-09
October . |77 | 94|64 |80 |45 | 55|08|01]..| -44(-09 Qctober . (83| 97 171 /26|42 46 (03| ..!..| -75]|-10
November . [ 66 | 82| 52 (80|48 |63 (07(0°1} ... 59 | ‘10 November . |72 | 87|59 )28 |46 48 |06]01 -89 | ‘10
December . | 56 | 73 | 43|30 | 44 | 56 118, 03| 1| 66/ ‘10 December . (64 | 78 |52 |26 40|48 (11| .. | .| 97|11
Year . |76 54 |17 |72 15 | 20-36 Year . |79 5116 {80 16 |29-68
e b | MRS e B o b e | AR IR B
annual range of tempera . ,: annual range of tem: mture 75° drie:
H‘gbestnmrdedre:llng(llyu)ll&(8876; Rainydaysinw:itto:tymr(liym)ﬁ . Highestrecordedg,-eading yeara) 121° ? mmyaaysmwettegt year (9 ,em)% 12‘7’2
1875, 1888) » 1878)1 ,,  ,,  driest " 5 (1880)
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27. KurracHEE—Elevation 49 feet
TEMPERATURE, g 8 RAINFALL. | BAROMETER.
5| g
M. Range.
aulgs|— 1 i g
HEE | 4| & =
R TPIFIIEREA B )
2|8 |=|=
January 85 | 77 | 54 ({23 {87 |67 126106 118002]-11
February 68 | 79 | 57 |22 |37 |59 (31|08 229:88°10
March . 76 | 86 {67 | 10 | 89 | 67 (38102 1 ‘88 | *10
April 80 |89 }72117182,68)28)02| 1 79} 09
May 85|93 |79 |14 | 20 | 74 [ 2°2]0°1] ... 65 | "08
June 87 (93|82 |11 |2 |74 4565(02] 1 62| 07
July . 84 90|81 | 91878 |71|31]| 6 48 | *07
August. 82 (88|79 | 9|18 |78 |68/18( 4 67| 107
September 82 {88 |77 (11 (19|76 [46|09] 2 ‘69 | -08
October 801917219 |35 {65/10/01] ... *86 | 108
November 72 | 86 | 62|24 | 40 [ 56 12|01} 1 96 | *10
December 6717916628185 |57 (21102]..180°08}-10
Year 77 67 |34]7'8|19 | 2979

Mean highest temperature of year 121:

s lowest

annusl nnge' of tempeni’uro 62°

Abeolute range of temperature , 766°

Rainfall of wettest year (81 years) 28-0” (1869
your @1y )0‘5” 1871

ries
Hf’ghestrecorded reading(l1yrs.)117:6° 879; Rnln’iy days 1‘111 witttesgyelr (1:2' years) sg (}g;g
9

Lowest »

,» (10 years) 41° (1888 ' ' el ”

28, BroxaNiR—Elevation 744 feet

Janua,
‘Februzy
March .
April
May
June
July .
August .
Sepgtgmber
OQctober
November
December
Year

TEMPERATURE, g g8 | Rarvpars | Banoweres.
£ S
M. Range. »g,
§|55|84 ; s8] § |3
E] 1 g
S1532\%8 5 44| 4 |&| § |24
Alg(=|=
61 74 | 49 (25188 |87 (82| 03] 2298010
64 76 | 583 | 28| 42 (3938, 02| 2 23 | 10
77 90 | 66 |24 |48 (36 (89| 01] 1 12| 10
87 98 (76 | 22 {40 |82 |82 | 02 1 00 { ‘11
93 | 106 | 82 | 24 | 41 | 34 |2:8; 16| 4 |2887]°10
95 | 106 | 86 | 20 | 85| 42 | 28| 18] 4 76| ‘10
90 100 ({88 |17 1 83 | b6 (66| 391 8 72 | -09
87| 97 (80|17 (27 |61 |60 27! 7 80 [ *10
87| 97|79 1827|5840 16| 4 921 “10
84 96 178 (23 |86 | 41 115} 0°1) 1 )29°10]|°10
71 83 (5924408 [08; 01] 1 23 | 10
62| 7552|2385 1856(24] ... 1 29| ‘10
80 42 | 3:'3|12°5| 86 | 29-08

Mean highest temperature of year l}f; '

» lowest

est »

., annoal range of tempera'éum 78*
aggheltrecordedmdlng Syears)117-4° (1879
W

Absolute range of temperature . 82'4°
Rainfall of wettest year (9 years) 17-9” 88783
777 (188)

» driest ,,
Rainy s(_};yn in wettest year (é yoars) 48
1

» years) 85° 1878; X
Rainy days in driest year (8 years) 30 (1888)
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29. Jevyrork—Elevation 1431 feet

TEMPERATURE. g g: RAINFALL. | BAROMETER.
o =
. M. Range. °
g |8 - o g
§ 1550520 g 8§ |28
% =R (=% 2 51§14] % |48 2 K
Alg|= | =
January 61 76149 | 26|43 | 53 [2'5] 03] 2|28%57]10
February 64 78 | 50 | 28 | 48 | 45 (27| 02| 1 54 | 11
March . 76 89 (61 |28 |51 (89(2:8) 02| 2 45 | -11
April 85 99 | 69 | 30 | 45|28 |24] 02| 1 35111
ay 90 | 104 | 75 | 29 |46 | 35 [26] 0'7) b 25 | *11
June 911102{80}22)36 |52 142 33| 6 ‘18110
July . 84 91 |77 (14128 77|73 90|15 *12 1 -09
August. 82 91 {75 (16 | 25|73 |66 6°1] 12 ‘19 | -09
September 83 ) 92 (73119 |30 )67 |41] 31| 8 29 | *10
October 78 94 1 64 | 30 (42 (44|16 02| 1 *46 | 10
November 69 84 |62 82|46 (42|07 01| 1 56 | *10
December 62| 77 |48 20 | 40|52 )18| 04| 2 *60 | *10
Year 77 51 {33238 | 56 ! 28+38
Mean highest temperature of year 112° Absolute range of temperature . 81-3°
» lowest ' s 88: Rainfall of wettest year (18 years) 85-9” (1879)
Blihestrecoraen seading (8 earsy 11t 8 (1856) | Rainy days mswettostyear (10 yeary oo {iso0p
Lowest ,, " | 84" (1886; ” ,,y driest. ye,?r( Oiem) :‘33 (iggg)
30. AsMErE—Elevation 1611 feet
TEMPERATURE, E 5 RAINFALL. | BAROMETER.
-]
. M. Range. ©
g | By ; 5 5
8 3 E §.E <3 = . . ] gn = 2%
= =% =% 2| E(g|8| &8 3| & |35
= A
A1E|8]3 c
Japuary . 158 | 75(45|30 (47 (51122 02| 1 |es
28:42 | *10
February . | 61 78 | 48.0 30 ( 51 | 46 | 28| 03 2 37 (10
Mars:h . .72 90 | 58 | 32 | 53 | 40 |24 04 1 291 10
April . .| 83 98 1692914735121} 01 1 (19110
May . . (89 [103 77| 26|45 |39 |1-8] o7 4 ‘08 | '10
June . .| 88 (101801213949 35| 25 4 127-98 | ‘09
July . . ] 82 93177116180 ]69 163! 69| 18 95 | ‘08
August, - 80f 897511419574 61| 73] 11 {2802 ‘08
September . [ 81| 91| 72|19 {31 |68 (35| 34 7 *11 1 09
| October .| 75 93 )63 180)43 (50 (09| 03 1 *30 | 09
November . | 66 84149138549 (45 (0'8] 01 1 39 | -09
December . | 59 77144 133|146 150 11°4] o3 1 ‘44 | 10
Year .| 74 b1 128 |22°5| 47 (2821

Mean highest, temperature of year 112°

s lowest »

2

84
annual range of temperature 75°
Highestrecorded reading (10 yrs.) 119-2° (1879

Lowest v

» 801 (1878;

N

Absolute range of temperature . 891°
Rainfall of wettest year (24 Years) 36-4” (1875)
Rah;'y days lii;l:::tt t 11 55 o)
est ye:
(1875, 1881) year (11 years) 55
Rainy days in driest year (11 years) 85 (1877)
X
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31. DeesA—Elevation 485 feet

TEMPERATURE, g BAROMETER.
&
M. Range. - &
2w [ B8 s =
LI g | 4 L
A =
January 82 | 50 | 32 2:01 01} .. |29:55] 12
February 84 | 54 | 30 22| 02 1 50 [ 12
March . 85 | 64 | 81 28| 01} ... 43 | “18
April 101 | 71| 30 1'7| 01 1 38 | *18
May 105 | 78 | 27 14| 02 1 23 | '13
June 101 § 81 | 20 45| 22 4 118 | 12
July 91 | 78 18 78| 98 138 10| *10
August . 89|76 |13 75| 85| 12 18| *10
September o1 | 74 | 17 62! 38 8 28| ‘11
October 93 | 66 | 27 16| 08 1 42111
November 89 | 57 | 32 10 01| ... 51 11
December 84 | 52 | 32 16| 041 55 | 12
Year 832|256 2935
range of eratu 84°5°
Moan }l)é%vhezt temperature of year “T ﬁgisl?}:ltieof wgttesttye:;g(% yer:rs) 51 4" (1884
» annual range of temperature Kt ries! 11'7” (2877
Hfghest recorded reading (11 yrs. )118;3"21886; Rainy daysin wettest. year (12 years) 65 gmg;g
Lowest " » ”»

32. Derra—Elevation 2232 feet

TEMPERATURE, g g BAROMETER.

G
| M. Range g

x84 - L % g 13

23|38 2 glg| 8 $ 123

A = | =
January 66 | 45 | 21 1 139|.22 27°75 | 08
February 69 | 46 | 23 ? j41) 19 70 ) -08
March . 79 | 656 | 24 ? |85] 14 64 | 08
April 88 {64 | 24 t |30 07 58 | -09
May 93 | 69 | 24 ? |30 18 47 | 109
June 94 {75 | 19 ? |43 86 '35 | ‘08
July 86 175| 11 t|77(250 °35 | <07
August . 86174 11 ? | 7°4]248 *41 | *08
September 857114 ? |48 93 50 | "09
Qctober 82]61f21 ? [(1'0] 08 65 | ‘09
November 74 | 51 | 23 P11 01 74 | *09
December 68 | 45 | 28 t |25| 06 77109

Year t [39(770 27-57

Mean hlghest temperature of year 105'

s lowest

annual range ‘of temperature 69'
H{ghut recnrded reading ap: Years)106-8°

876, 18
Lowos: a

moxv:led reading (10 yrs.) 38-9° (1876)

Abeolute range of temperature . 72'9°
Rainfall of wettest year (88 yrs.) 119‘9" (1885)
85

driest
Rain} yda, in wettest lyedrs)114 1876§
ydays ottes year(ily )oog 0

”»
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83. RoorkEE—Elevation 887 feet
TEMPERATURE. g E RAINFALL, | BAROMETER.
m g
M. Range. '
24 (347 2 il g |z%
§ =2 =% 2 554|488 5 &3
a FRE-ER

January - | 66| 70|44 |26 4164 (33| 20| 8[29:12|-10

February [ 80 74|47 |27 | 44|60 (34| 14| 4 06 | ‘09

March <170 B85)56)20 504925 10] 82897 10

April . - 82] 97|66 |81 |49 |34(23| 04| 1 85 1 '11

ay . .| 881101 73|28 (45|86 (19| 12| 8 75 | 11

June . -1 90 (10279 |23 (425183 51| 7 62 | 11

July . .18 | 93|78 15|28 76|64|125|15| -63]-09

August . 184} 0277|1525 76]|62]12:3] 14 69 | ‘10

September .| 831 93 |74 |10 ]80| 7242 61¢( 7 80 [ ‘11

October < | 75| 89 62|27 |43 |69]|08| 06] 1 96 | 11

November .| 64 | 81|49 | 34 44 | 66 (08| 02] 12909 10

December . | 57 [ 72143 |29 | 40 | 62 | 22 04| 2 ‘14 | 10

Year .| 75 X 58 | 31| 422 61 | 2889
Mean ?J;gvlzest temperature of year ]13" Absolute range of temperature . 84-6°

”

» annual range ot temperature 78‘

Rainfall of wettest year (33 yeus) 74°8” (1853)

241" (1877

driest
Highest recorded reading(10 yrs.) 115°5° 213;‘8); Rainy days in ;v;itf;est year (18 years) 88 218;;
t

Lowest 80°9°

” ”» ” ” ”»

34, MerRuT—Elevation 787 foet

TEMPERATURE. g Q RAINFALL. | BAROMETER,
A
o g M. Range. e
g o : J ]
§ (8435 % 4 B 8 |52
S | == (25| 5| § §1 =& 5 |&
AR g
January .| 57| 71| 4427|4263 |29 10] 2 2928 { 10
Fobruary . | 62| 75|47 |28 45|67 (27| o7| 2| -23|-09
March .{78| 88 568|830 |52|50(26| 07 2 ‘12| ‘10
April | .| 88 98168 |30 45|40 (21 04 1 00 [ 10
ay . - 1801101 74|27 (43|41 ]|19] 08| 8 2889 ( 11
June . .| 921102 (822 (38{48(32] 38| 5 76 | 11
Juy . ., |86 94801427 711671 92111 77109
Augnst. .8 93179 |14 (24|78 |63]| 72|11 ‘8310
September . | 83 93 176 (17 [ 28|68 |41 40| 6 ‘94|10
October .| 78] 91 (63284256 ]07! 05 11291210
November , | 65 82|50 (3245|5406 o1 ... 25 | *10
December , | 58| 73| 44 [ 20 |40 | 62|17 08l 1 30 (10
Year .| 78 57 |29 |28'5| 45 | 29-04
Mean highest temperature of year 112‘ Absolute range of temperature , 81:5°
» lowest Rainfall of wettest year(39 years) 45°3” 880)
»_ BONUAl range of tem; rabure 76' driest 56
Hle'!;:st mordeg reading (9 years)slsla' (1880; Rainy dnys in wetteat year (11 yrs. ) 62 884)
»” ”» ” ” e8 »

(1878, 1877)

”
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35. Acra--Elevation 555 feot 87. ALLarAaBAD—Elevation 30? feet
TEMPERATURE, g g; RAINFALL. | BAROMETER. TEMPERATURE. g g RAINFALL, | BAROMETER.
=
M. Range. Ble . ‘ . . M. Range. ° . g
{52188 s (8 2| | 2|5 § 38 § |84 82 7 2 g |E] § |28
§§§§=§=§ggea,15g :s:ﬂs:ig;;—&aag
HER | = H =
0| o YR ‘ 4 148 (26 (40|68 (18| 08 229412
Janua .60 744826 | 40|56 |20 05| 2294011 January . |61] 7 8| o
Februaty .1 65| 78 | 62|26 | 48|47 (24| 08| 1| 3| Mo 178 | 93|63 | 51| a0 | 48 |ia| o4l 3| Tr|22
March . e S5 ia 02 2 3 -lg March . - 88 | 104 [ 72 (32|47 {83 (14| 02| 1! -43!.s
4l gi igé gg gg i; gg {g 8:? :13 33 -}2 ﬁ‘;;“ L .]92]106|78|28|44 40|16 03] 2| -33|12
Ma: : * . . .
AN EIH N IR E G (R M 15
Ju . ' * . . .
Angust. 85| 93|80 | 13|24 | 73163} 67) 102008 10 B 183 | 05|03 | 54| %0 |45 67|11 | 38|a
Scptember . | 84| 94| 77| 17|27 6738 481 7] ML Ootober . | 78| 89 |67 |22 (38 | 69 16| 59| 3| o5 11
Qtober . 20| o8 | 88 22|40 53 loal ¥t 2 sﬁ ﬁ November . | 68 | 82 | 56|23 | 41 | 64 | 0 02 68 | 11
E“e“‘é"” | a2 ?g 155 |3 |0a| o] 9| olan December . |61 | 74 |47 | 27|39 |69 |1'6| 02| 1| <75|-11
“Year . |79 50 (27| 262 | 46 | 2024 Year . |78 62 |31|37°6 | 65 2948
s et empanars oLt | e e What oo of ot 1| Al ot T
» OWes o »». annual range of temperatire 76° driest 15-7% (1864
, _annual range of temperature 16" dries %1 o Highestrecorded reading (10 yrs.) 117-2° (1884) | Raidy days in wettest ear(l4yeus)80 1879)
E?;ztmcgrﬂedn:ding(l?’m)lms ?8;8; B.l:}ny dA"ya in ‘;‘e::es{: yiar (1?’yrs.)61 ls;g Loieve? rect,)’ ed T d ng( ,y;rs o §1878 " " Jette y" e é o
' : —Elevation 26
36. LuckNow—Elevation 369 fest 38. BENarEs—Elevation 267 feet
TEMPERATURE. g g RAINFALL. | BAROMETEER. TEMPERATURE. E g RAINFALL, | BAROMETER.
- M. R =] 4] M. Range. ° .
. Range, . . . g1 84 |8g ; # g [2&
g1 g4 (840 08 |2k 2155138 543 2181 5 (&3
S|8313E 5048 4|8 &| 3 |33 :sagsgé gl § 33
gl s|=a|= ]
61| 75|48 4a1|62{21| o7| 2207812
January . | 61| 74 46|28 |42 |50 |27| 08| 2 |29:68 |11 ﬁ%‘l}:gy | & gl nl AR IR 78112
February . | 66| 78 50 28 | 47 { 62 {3°0| 03| 2| -61{-11 ' March 77| 93|62 31 |51 |41(21] 04| 2| -61]-13
March . N TT | ol S| 30| 52] 48 27 08 1) 50l April . . |87|108 |72 (31|45 |34[17] 02| 1| -48|-13
April . .| 871101\ 71) 80147188 121) 01} 1) sl Moy . . |o1(105|79 26 42|40 (19| 05| 3| 7|4
ay . .| 9211047628 441421201 00| 2| 27|12 June . . |91|105|83 |19 |85 |58 50| 29| 2| oi|a2
Juie . . 192110882 2138154 47| 50| 7 18] July . (85| 93|80 |13|25|80/76]12:8 19| 26|10
July .. |86 93180132674 7710816 ‘1510 August’ .| 84| 91|78 |13 | 91 | 89 | 4g 10717} 81|10l
August. .| 85| 9279|1328 77 |74/104 15 22|10 September | | 83 | 92|78 | 1 | 25 | 78 | 56| 6| 15| 35| a8
September . | 85 | 93 77 | 16|27 )72 154} 71| 9| 31|11 " | Octover .| 78| 90 | 68 | 22|38 | 65 |93 | oa| 5| -onad
October . |79 | 91 65]26 4260 |15 1-4| 1| -50|-11 Qctober - |13 | 9068 22|88 86|23 21 soym
November . | 69 83|52 (3144|5308 ... | .. 63| 11 DO mb . 81 75 |48 | 27 | 39 | 63 |1-6] o1 i 80 | 11
December . | 61| 75145 |30 | 41|58 |1'8] 05| 1| 69|11 . ecember . 78 60 | 34 (396 | 68 | 2953
Year . |78 57 |35 .37°6 | 57 | 2042 Year .
N 829° Mean highest temperature of year 114° Absolute range of temperature  80°9°
M:a:m mﬁ? tnmpentum of year 1;; ﬁbﬁ‘x’}:ﬁ?‘?g{’t&wﬁ?ﬁ;&) 64'9: 1871) ?:m lo‘svest mp' y 40. Rainfall of gettest yeage(w yea.rs) 65 3,’” (1874
nnual range of temperature 76. dries 14°¢7 (1877 , annual range oftemperature 74. 94" (1864
Bigheatmoordedmading(loyu.)ll?s 878 Rainy dnyuinwettestyeu(l(yun)" 874 hest recorded reading (10 yrs.)117-3' Balnydaysmwettestyea.r(lsyea:s)m (1874)
» » ” STB; w o n on 210876 (1878, 1834) v o» est ,,  ,,  48(1868)

Lowest " ’ n 86:4°(1878)
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89. NeeMucH—Elevation 1639 feet

o CLIMATIC TABLES 311

TEMPERATURE. g § RAINFALL. | BAROMETER.
-]
M. Range. g
g w184 : E &
g8 =
AN I A
AERE AR

Jnnuury . | 62 78 149 | 201 45|40 |22] 01| 12838712

February .| 65 80|51 |20 |49185¢29] 02| 1 32|12

March . . |78 92 162 (3050380 26| 01| 1 25 | 12

April . . | 84 99 | 70 [ 20 | 42 {28 [2:1] 01 ... 16 | 12

May . .|88[103 |78 )27 42|81 (|22 05 8 *06 | °11

June . .| 86 98 | 77 (21 )38 |50 50| 39| 8279610

July . .1 79 87 174)13)26)74181|11-2| 15 '94 | -08

August . .| 78| 85|72 (183[20 )76 )78(104] 14 | 2801 | *09

September . |78 | 87 |71 18|26 |72 )59 55|11 *09 | *10

October .| 78 90 [ 65|25 |37 |47 |21| 10| 2 26 | 10

November . |68 | 83| 54|20 (42 85({07| ... | ... 34|11

December . | 63 77148128 141 |41 |1'7] 02| 1 88 | ‘11

Year . 175 47 136|832 57 | 2818
Mean highest temperature of year by big Abeolute range of temperature . 82'6°

s lowest s 88° Rainfall of wettest year (20 years) 48'6” (1864
annual range of tempera 78° driest 187" (1868
Hfghest recorded reading (9 yrs.) 1188 (1886) Rnlny days in wettest year (8 years) 68 §1m§
Lowest ”» ” ” 812 ( ) " ” driest ,, 1880,

40. INDORE—Elevation 1828 feet

TEMPERATURE, g g RAINFALL. | BAROMETER.
- =
M. Range. ° .
g ]85858 - g- 8 |2
S HEIE I ig
&ls3 =
January .64 79 60! 20|43 |44 119 04| 1281712
February . |67 | 82|52 8047|387 (18] 03] 1 18112
March . .{76( 9316033 |50 (20 |20] ... 07| ‘18
April . .| 88 /10060 | 81 [ 44 j 24 |18 01 2798 | 12
May . .| 871102 75|27(39(82(22 06} 8 90 | 12
June . .18 [ 96| 7512138360 (63 68|11 81, 11
July . | 77| 8417212 |23 (80 (8410420 79| 08
August. .1 78 83|71 112119 (81(84| 78] 19 85 | ‘09
September . | 76 | 84 (71|18 {24 |79 60| 81] 15| -93(-10
October .| 74 87 64|23 |85/|566(29| 12| 4 |28-07! 10
November .| 66| 81|54|27 |40 |43 |14| 02| 1 15| 11
December . |62 | 78 (49|29 | 40 {45 {17| 02| 1 18 111
Year .74 51 [8:8/86°1]| 76 | 2800
Mean hlghest temperature of year 108° Absolute range of temperature . 786°

40’ fs ” (18

"; of temgern Rainfall of ::ltbest year (19 years) gg 5 1 70

Eo hest reeorded muiing( ) 109 8° 8881) Rnlny days in wettest year (8 yean) 8¢ 133
driest 1880,

41. Juansi—Elevation 855 feet

TEMPERATURE. g g RAINFALL | BAROMETER.
=3

M. Range : .

- § g : & ] g g "E' o0

8188\ 857444 28| F 5]

a = | 2| =
January .| 63 76 | 51| 25| 40 | 49 (07| 05| 12917 -10
Febrnary .| 68 80|54 | 26| 45| 41|07} 02| 1 12| 10
March . .| 79 93 |65 (28|42 |34 |08 04} 1 031 -11
April . .1891102 73|20 41| 20{04] 01} 12890 -12
Ry . .| 95107 181 2641|3106 03[ 2 791 -11
June . .| 98104 | 84| 20|88 | 47|17 40| 7 ‘68| 10
July . .| 84 92 {79 | 18 (87 | 74 148186 15 67| 09
August. .18 907812 )22| 781391105 14 74} 09
September . |83 | 91 176 |15 (2770 (20 52| 9 ‘84| 09
October .| 81 92 |68 | 24 (36 | 48]08) 08 1|29°01| -09
November ., | 78 | 84 | 67 |27 4188 (08| ... I .. 12| 09
December . | 65| 77 |50 27|89 |45)08) 02 1 ‘181 -09
Year .| 79 49 (183|358 53 | 28-04
° bsolute range of temperature . 77°2°
Me"un ‘l‘é%vheﬁt temperaturo of year 116 ﬁainl’all of wgttest ye:?r (27 yr8. )58 8” flSSlg

annual range of tempemture 72 drie: 1868

s
Efghest recorded reuding(lOyru )117 9° ?872} Rainy daya 8isn wettest year (11 yrs ) 76
Lo

west  » ” Rainy days in driest year (11 yrs.) 24 (1877)

42, Savcor—Elevation 1769 feet

TEMPERATURE. X B | RamrarL. | BAroMETER,
m |3

M. Range. . | P

ﬁ 2 g . % E. q ';':. o

S8 \8 2444 8|5 & 3

A= |=[=
January .le3)| 77|51 1928|4048 (14| 06| 2|2824]°10
February . |67 | 81 |54)27 (43189116 05} 1 ‘181 11
March . .]178) 903164129 41| 32)18) 02 ‘11 11
April . .| 85101 |72120(89} 28 [14] 02) 1 024 11
ay . . {89 (104 |76 28 (8928 (20| 06 3279211
June . .18 1100|771 28{87 (50|41 6311 ‘82| ‘10
July . .| 78] 86 | 74122477 61168 19 80| 09
August . .| 77} 8 (781122088 |59}11-2] 18 86 | *09
September . | 77| 87 (71|16 26|78 | 48| 73|12 ‘95110
October .]751 87|66 21|83 (55 14| 1-8| 22812} 10
November . |60 | 82 {56 26|36 |42(1:0} 04 20 | “10
December . | 64| 76 | 51| 25138 |45 (10| 07} 1 24 | -10
Year .| 76 50 | 26|46°1| 70 | 28:04
Mean highest temperature of yeu- 110° Absolute range of temperatare . 71°8°
5 lowest 42 Rainfall of wettest year (81 yelrs) 70°17 (186
, annual range of tem ture 08" driest 2217 (1848
Hfghelt recorded radlng(Syrs.) 114 8881; Ra!ny daysin wettest year (ll yrs )106 (1 ?884)
Lowest »” » ) 40'1° » as 73 1883) est " 56
tl
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43. SurNa—Elevation 1040 fect

TEMPERATURE, X g RainraLy, | BAROMETER.
-]
M. Range. e "
§ 184185 2 2 ; £ § |2
2| 25 | &= i’ :1§!3 dl5] %8 i
]

January . {61 76147 | 28 [ 44 [ 49 (21 07| 2289812

Febrnary .| @5 79 | 61 | 28 | 47 | 39 |2:3| 05| 2 93 | *12

March . .76 92161 81|60 (20|21 03| 2 83| *12

April . .| 85100 (7129|4323 |2:2f 01| 2 7118

May . . ] 80| 104 [ 77 27|41 |28 |2:8] 04| 4 60 | 12

June . .89 99181 1836849 (51| 58/ 10 49 [ 11

July . . 182 B7 1771102576 (7111564 18 48 | *09

August . . 181 86 (76 (10| 20 (77 |6:8|11'4( 18 55 [ 10

September . | 81 ( 87|76 {12 28|72 (58] 5111 66 | ‘11

October .| 76 87 (65|22 |88 | 55|22 19| 2 83 | "10

November . | 66 81 [ 62|20 | 43|44 |12 02! 1 94 (11

December . |60 | 75| 45 |30 [ 42 [ 47 [16| 04| 1 99 | 11

Year .| 78 49 | 3:4 | 42:2( 71 | 28°76
Mean highest temperature of year lll‘ Absolute range of temperature . §0'8°

s lowest Rainfall of wettest year (15 years) 63 T (1862
annusal range of tempenturo 18 dries 18" 1880;
Highest recorded reading(10 yrs. )115'0’ ?886; Ralny daysin wettest year(lo years) 86 (1885
Lowest; " » ”" ”» » driest ,, ” 57 (1 ;

44. JusBuLrork—Elevation 1341 feet

TEMPERATURE. g g RAINFALL. | BAROMETER.
m
M. Range. ©

41 e g . o g
P84 088 52| o) 8|5 5 |58

% | =% =4 =) 5§ = a
AEIEAR e
January . | 62| 78 (48 (30|46 (59 [22{ 06| 2[28867! 12
February . | 66 82|52 (3050|5028 05/ 1 ‘62| 12
March . .| 76) 93 (62|81 |51 (38 (24| 05 1 54113
April . .| 8 ]101 171 30|43 )20 )22 02 1 44 | '14
May . .1 901104 |78 1264130 |38 05| 4 ‘34 (13
June . .18 ) 97179118 |37 |59 |65) 85|13 23| 11
July . .| 79| 86 75|11 |23 (81[87]|186] 22 ‘22| 09
Auguast . L1787 8174 111119(182(82/138} 19 291 10
September . | 79| 87 (73 )14 )23 ) 79 (64| 88/ 12 36| 11
Qctober |74 87 1641231396527 15{ 8 53| 11
November . |66 81 |52 |20 (44|56 17| 03] 1 65 | *11
December . |61 | 76 |46 |30 (45 (58 {19 o8] 1 ‘68 | ‘12

Year . |75 57 [ 40|53°6] 80 { 2846

Mean highest temperature of year 111°
5 lowest 36
annual range of tempemture

est
Higheatrecorded rendiug(myn.) 112 5' gssa) Bliny dnyl ln wettut year (18 yrs.)107

Lowest ”

Absolute range of temperature. 80'5°
Rainfall of gg:tut yeage(a rs.) 04 s" §884)
28°8/

88%)
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45. Parva—Elovation 183 feet

TEMPERATURE. g 8 | RamsraLL. | Baroueres.
A |3
M. Range. .
gy |8 |— -—] & 4 =8
g 88| | 4 g | & =
M rennnbon:
S = | x| H
January . |61 | 73 40| 243667 |2:4f 07] 2298713
February . | 66 78 | 62| 26 { 43 | 58 |26| 05| 9 ‘80 13
March . 78| 92 )64 (28|47 |46 (20] 03] 2 ‘68 | '13
April .| 87101 |78 |28 [42] 41|22 03 1 56 | ‘14
ay . L1 80]100|77 |28 )41 556128 16| 4 471 14
June . .| 88 98 | 81|17 |82 )68 (62| 7°1]10 35| "12
July . 1850 91 (80(11123|81)80({110} 17 86 | 10
Aungust . .| 84 90 |80 (10|19 | 82 ]7:9]10:1| 18 42| 11
September . | 84| 90117912 21|80 (69! 79|12 52|12
Qctober .| 80 88 | 7216 (31|70 86| 29| 4 68 | 11
November . |70 | 82 (50 [28 (87|61 (17] 02] .. 821 ‘12
December . | 62 | 74|50 24| 35|65 (20| 02} 1 88 [ *12
Year .| 78 65 |4:1(42:8] 71 | 29-62
° bsolute f te: 1 76°
Mo Hghet tomperare o et 4| A PSRRI 7 o
, &nnual range of temporature 68° ries o g
reading (9 112+4° (1884 Rainy daysin wettestyear(lsyrs) 87 1880
il Tt i A o %3

46. DorsHANGA—Elevation 166 feet

TEMPERATURE. g g RAINFALL. | BAROMETER.
g |3
M. Range . o
CEETIE-TIne . ] B g =
SU8302% 5 415147 |4| 2 A4
Elg|=|=
Janua: /6272182120 8 |71718| 04/ 1298813
Februgy /65|76 |58]23)8163118) 05| 2 81413
March . .l76 (87|68 (24|41 }564116}) 03] 1 69 | "13
April . .i8¢loel7125188150}118] 06] 2 57|14
ay - .| 85195 |76 120 (88 |65[|21| 28 & 51 | 18
June . | 859279118 (27|77 148! 78|10 38 | ‘11
July .18 |8 (8 | 9|18 |83 |64]|118(14 38110
August . 1841891791020 84[62(107]| 186 ‘44 | *11
September . | 84 88 | 79| 91983 157} 99| 11 54 | ‘12
October .| 79186 | 78|13 |24 77132 28| 8 71 12
November .| 71 )81 62|19 |81]60)00] 01 82 | 12
December . |63 | 7454 (20 (|81]76(12 02| 1 89 [ 12
Year L7 71 13:0)47°4) 66 | 20°64
Mean highest tempo rature of year 105° Rainfall of wetteat year (16 years) 78 7” 871;
» lomﬁ 45° " (1878
fnre 60° Rainy daysin wettesf year (15 yeurs) 86 (1871)
B.‘ghutnoordedmding}Syum)lO? + ilmg driest o, 50
Lowest 0 years) 88 8' 1878 (1872, 1878)
Absolute range of mnpen
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47. PurNeaH—Elevation 125 feet
TEMPERATURE. g g RAINFALL. | BAROMETER,
‘- o
M. Range. hd
g l5algs ST 4|8 z
$135\88 504 g4 2|4 § S,g
& S|=|x

January 62 | 756 |48 | 27 (89 | 67 |18 | 03| 1 (201 13
February 66 | 80'| 51 | 29 | 47 | 61 118! 06 2 ‘84 [ 13
March 76 |91 |61 130 |48 |55 |16 04| 1 78| 14
April 84 |98 |69 |20 | 44| 55116 18} 8 ‘61| 14
ay 83195173122140169135) 88| 8 561 13
June 84 1983|7716 |30 |79 160112 18 44 | *11
July 84 |91 | 79|12 |20 |85 |72|143| 21 43| 10
August . 84 190 | 79 (11 | 21 | 85 [ 72|14'5) 21 48| 411
September 83|90 |78 (12|22 |83 |61 14:4| 14 59| ‘12
October 79 (88 | 71| 17 (81 |77 134 40| & 74| 12
November 71183 |59 )24 36 69 10| 01 ... ‘84 12
December . [ 63|77 (50|27 |88 |70 (12| 02 1 ‘91| ‘18

Year 7 71 {35646 88 | 2967

Mean highest temperature of yoar 103‘

s lowes

sy annual range of famperafum 65° dries
Highest recorded rendln {9 years)100-7° 1879; lhlny daysin Xettm& year (15 ymm) lg

Lowest ”

Absolute range of temperatare . 72'8°
Rainfall of weztm year (16 years) 131°4” (1870)
88+4” (1883

1874

10 years) 86-9° (187! 1878,

n 1) »

48. Gya—Elevation 375 feet

TRMPERATURE, g g RAINFALL. | BAROMETER,
g | 3
M. Range,
AT s8] 5|3
3155 35| 2 £lglg|=14| % |
CHECRIF R
January 684 76 | 51 | 25 | 88 {54 {18 07| 2 |206681{ ‘11
February 69 | 81 (552843 |45 (24} 05| 2 60 | ‘11
March . 81 94 | 66 | 28 | 46 | 87 122 04| 2 50| 12
April 90 | 103 | 74 (29 (43 (87 |16 08| 1 88 | 18
May 92 | 104 | 78 | 26| 42| 49 {256| 12| 4 29| 18
June 890|100 |80 |20 (36|68 |66] 82|10 117 11
July .| 84| 92|79 |18 |24 ({79 84119 19 ‘18| 10
August . .| 84| 91179122081 (85| 9917 2410
September 84 ) 91178 )18}122(78|70) 70|12 83 11
QOctober 80 89 |71 1882|6584 26| 4 50| *10
November 72| 83 |59 )24 138|585(|17| 02] 1 63 | ‘10
December 64| 76 |61 2586|5718} 02| 1 69 | 11
Year 79 58 [ 4:0141°0| 75 | 20-48
Mean highest temperature of year lls‘ Absolute range of temperature . 76°6°
., lowest B X Rainfall of wettest year (27 yeu-) 67+4" (1886
of temperatare 70 driest 6~ (18064,
Hi‘ghezt mord:f‘mdmg nymle }g;g; Rainy days in :ralttent year (16 m)wg §
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49, HazaribacH—Elevation 2007 feet

TEMPERATURE, g = RAINFALL, | BAROMETER.
g |3
- M. Range. R B
§ 851858 3 =&
:l85|x=| 2|4 g4 8| A 2 23
Al x| ==
January 61 | 73 |51 |22|386 |50 (22| 04 2 12798 10
February 65 | 77 | 54 | 23 | 39 | 48 |2:2] 0°8 8 ‘93|10
March . 756188 |64 24| 43|85 |25]| 07 3 87 [ *10
April .| 84|97 | 72|25 (39|80 |26 04 2 7711
May , |85 198 1742418942133, 16 7 ‘69 | 10
June ., . [82]|92|76|16 32|65 (73| 83] 15 68 | 08
July 78 185 (74|11 ] 20(85)|90]12:6] 28 57108
August. 78184 (7811118 |85 |86 127 22 ‘62 | 09
September 78 {85 (72|13 |20 !82 77| 80} 17 71|10
October 74 {83166 |17 | 28 | 65 | 41| 84 7 ‘88 | 09
November 87 | 7716712 3815321 08 1 97 | 09
December 61 (715021 |33 |49 (20, 02 1}28:00]°10
Year 74 B7 | 4'5|49°4| 103 | 27°80
Mean highest temperature of year 106° Absolute range of temperature . 701
s lowest 43" Rainfall of wettest year (24 years) 62+2” (1885
» annual range ot temperature 68° driest ,, 1872
ngheut recordeg reading (10 yrs. )109 8’51884; Balny days in wettest year (10 ¥yr8.) 1‘342187%
mwest ” ” " 2 1818 »” d t ” »” s 18 9

50. BerREAMPORE—Elevation 66 feet

TEMPERATURE. g g RAINFALL. | BAROMETER.
-
M. Range. d
g g 94 . 8 g 2%
gE . < B E:
EI88038 04405 25| 8 158
Al=x|=|=
January 65 78 |58 {25 |86 |69 (21 04 1]|2997]-13
February 69| 82 (56|20 |42 (64 |2:1{ 10| 2 90 | 14
March . 78| 94 | 66|28 | 47567 {28| 10 2 79115
April . 185|101 | 74|27 142|5691({32] 19| 4 ‘68 | ‘15
ay .| 85 96 | 76 | 20|40 | 71 {53 48] 9 60 | "14
June 84| 93|78 (15|27 |83 (82| 07|14 48 | ‘11
July 83| 90|79 (112086 |88)10-3]| 18 ‘49| 10
August. 88 80|79 (10( 18|87 (88108 19 551 ‘11
September 83| 89 |78 (112086 82| 98|15 ‘64| 12
October 80 88|74 |14 | 24|78 |48| 58] 6 79| 12
November 78| 82 |64[18 82|73 25| 03]. ‘91 | 18
December 68| 77 55| 22|83 (7220 01 1 97 | 12
* Year .| 78 74 (49564 01 [29°73
Mun highelt temperature of yelr 100° Absolute range of temperature . 69-3°
8* Ralinfall of wettest year (31 yem) 78" (1841)
m nng@ ‘of temperature 68° driest 815" ?873)
Bfeeltreoonied ludlng(u Yﬂ )112 4' ® (1876) Rainy days in wettest year (18'yrs.) 118 {1871
as7s, 1880) »n ” ” dries ”» » (1874;



CLIMATIC TABLES 317

316 APPENDIX I
51, BurpwaN—Elovation 99 feet
TEMPERATURE. g £ | RaiNFALL. | BAROMETER.
I
[M Range.
B EREE &l § (%
|22 3% 2| 54|47 (& 3 25
=]
Bl3|=|x
January . | 68 79 165 )24 (37|64 17| 08 11299514
February . (70| 83 | 58 |25 |42 |58 (21| 08| 8 ‘88 | *14
March . . | 80 94 | 69 ) 25 44 [ 55 (22| 12/ 38 76 | '14
April . .| 81100 75|25 |39 56525 24| b 65 | ‘15
May . . | 85 97 | 77 | 20 | 36 | 67 |4°0] 50| 10 58 | *13
June 184, 94178 116120178174 98} 16 47 | 11
July . .| 84 90 | 79 (11 [ 19 | 83 [82]|12:3] 20 ‘46 | 10
August . .| 83 89 | 79|10 |17 | 84 182|124} 23 52| 11
September . | 83 90 | 79,11 |18 | 83 |72| 82| 16 ‘61| *12
October .| 8| 88 |75|13 |25 76|43 46| 6 78| ‘11
November . | 73 83 16411913166 (26] 05{( 1 ‘88 | 12
December , (868 | 77 | 56|21 |84 |64 (20] 02] 1 94 | 18
Year .| 78 69 (44 57°7 (1056 | 2971
Mean highest temperature of year 108° Absolute range of temperature . ¢6+5°
y» lowest , 47° l

1870

Rainfall of wutust year (26 years) 99-8" (1801
,» annual range of tompemture 81" 4057

Highest reconledremllng(llyrs )110°7° Rainydays in wettest; year(le yrs ) 181 1880
(1870, 1885) w o  dri " 1878
Lowest recorded reading ,,  442°
(1878, 1886)
52. Carcurra—Elevation 21 feet
TEMPERATURE. g g RAINFALL. | BAROMETER.
]
M. Range. °
s a s P
4188 14! .| £ § =k
5 =% (=% 25 d|¢g| B & % |33
| Sl |=|=
January .| 65 (77 (55(22|83 |71 14| 04 2 |380:02°18
February . |70 {82161 |21[387]|69]|22] 10 8 ]2995 13
March . (7919170 ([21 {3869 (22 18 8 86 | "14
April . .18 (9676120133 71{28] 28 5 ‘751 14
ay . .| 85|94 (771171807644 56 10 ‘66 | ‘12
June . .| 84191 (79|12]25(|8470(11°8] 18 55110
July . .| 838817811017 |87 |81[130| 24 54 | “08
August .| 82|87 (78) 9116 |89(82(139]| 24 60| ‘10
September . |82 |87 {78! 917|888 |71(1000| 18 681 ‘11
October . |80 |87 [75]|12)28|83 42| 54 8 83|11
November . |72 |82(64 |18 20|74 |24]| 06 2 96 | 112
December . | 65|76 156 |20}81|72|20| 03 1800218
Year .| 78 78 1 43656 | 118 | 29-78
Mean highest temperature of y&ar 102° Absolute range of temperature . 60-3°
» lowest 48 Rainfall of wettest year (57 years) 98 s" 1871)
all he::mul "e':ig:e% fem rature 64 - dries 48-6” (1887
E! i 9"3001'4' 1988) ng (8 years) 105 E:fny d:ys in :ett?t ye:r (84311.) 1:54 }ggg

Lowest recorded reading (8 years) 45° (1878)

58. Jessore—Elevation 83 feet

TEMPERATURE. g 8 | RamwarL. | Banommren.
|3
M. Range. K
§¥l85 -1 = g g |2
g Sa g‘a ] g g ] 3 X
= |RR | XE K =1 & 2 |8
Elg8)8 .
January 65|78 | 538|251 387|68|17| 05 1800012
February 70 | 88 | 57 | 26| 45 | 63 |2:1| 0-9 83129094 18
March . 790 {93 (69| 24| 44 (| 62 28} 20 3 ‘84 ] 14
April 83 |97 |75 | 22|89 |67 |35 47 8 74| 14
May 84 |04 |76118| 32|76 (51| 75| 12 67113
June 83 |01 )79 |12| 23|84 |78/18'5{ 18 651 -10
July . 83|89 (7910 18 (87 |84(115| 23 64| *10
August g2 {go (781101787 (79111-6] 23 60| 10
September 82|89 |78 |11|19 |86 |75 91| 17 69 | 11
October 80 (89 (75|14 26|81 47| 56 8 83| 11
November 78 |83 |64 )19 | 88|72 |24 09 2 ‘951 *11
December 66|78 | 5528|8570 !17] 02 1]3000] 12
Year |77 75 ' 461680 121 | 2978

Mean highest temperature of year 104“

»  lowest

Absolute range of temperature . 68-1°
Rainfall of wettest year (26 yrs. )100 4” 1861

»_ annual range oftempentureﬁo driest  ,, 40°2” (1851

Highest recorded reading(10yrs. )107 5° 51879; Kainy daysin (\iweth;st year(ls yra.) 131 EISSO

Lowest

»

" 1884 " " Y " 09

54. Dacoa—Elevation 22 feet

TEMPERATURE, g 8 RAINFALL, | BAROMETER.

H | 3
M. Range. B »g,
g 1 8v|§ -] 4 N o B g = &
813503954515 2| 5| & |3

A X | = | =
Jan 66 |78 165 )23184169116) 03 11300112
February 71 82|57 25[389|65120]| 11 312995 -18
March . 79190 (69 | 21 |38 |68 30| 25 4 ‘86 | ‘18
April 83|93 |74 |10 | 84|73 38| 58 8 76| 13
ay . 88 (92| 75|17 /29|80 (53] 92| 12 70 | °11
June 83 |00 |78 {12 {20 {87176(1383} 17 58 | 09
July . 88190179 |11 |16 |87 |79]12:8] 21 67 | 09
August. 83 (89 /8 | 9|16 |87 |78|12:4] 20 ‘62 | -09
September . | 83 | 88 70 | 5|18 | 86 |69 |102| 15 7111
Octaber .| 811887518 23|81 (41| 52 6 84 | 11
November .| 75|84 (6618 (30|72 ({20 07 2 ‘95 | -11
December 68|78 157 /2118|71|14] 02 13001 -12

" "Year 78 77 |46 (73'7 | 110 | 29'80

lowest

Mean highest temperature of year mg;

s snnual nnge ot tempon dri
hestreoorded m.dlns(myn.)m& 6° 8793 mlnydnys in wettest year (18 yr8. ) 140 (18. 4
83 (1872

Absolute range of temperature . 60-4°
4 Rainfall of wettest year (32 yrs. ) 112 6” (1880)
tare 52° 2" (1874
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55. CHITTAGONG—Elevation 87 feet

TEMPERATURE, g 3 RAINFALL. | BAROMETER.
TR B
| M. Range. g
i 24lsa| @ g =
] = o
5 25|35 £ g8 2| & 5 K
5 x| = |
January 67 [ 78 15656 (23 3472|138 04 112995111
February 71 181 | 58123367018 12| 2 91,11
March 77 {86 {67 |19 [ 34| 74|29 19 4 ‘83 | *11
April . 81 /89 |73 16| 2677 |40 46 8 75| 11
May 82 I 89 | 75|14 | 27 | 80 | 56°0 92! 12 67 1 *10
June . 818 |76/10 19|86 (74| 238| 19 57 | 08
July . 81 8676|1018 87 |76 222 24 56 | 08
Avngust .8 8|76 |10 ,16 | 87 |72| 205 @23 60 | 09
September . | 81 . 87 | 76 |11 | 18 | 86 | 65| 141 18 68 | ‘11
October 80 86 |73 |13 23|83 |44 57 9 79 (11
November . | 74 | 83 | 66 | 17 29 [ 79 |27 16 3 88| °11
Decomber , [ 68 ' 78 | 58 | 20 | 81 | 75 | 2°1 06 1 ‘94 | 11
Year 7 . 80 {4:4|1058| 122 | 29°76

Mean highest temperature of year 94°

» lowest

annual range of temponture 46"
Highest recorded reading (10 yrs. o (1878;
”

Lowest »”

Absolute range of temperature , 58'3°
Rainfall of weittelt Year (20 yrs.) 154" 1" élm;
881"

1881
867)

49

t
Rainy daysin :attest year(‘m yrl )] l;g

” " ”

56. Currack—Elevation 80 feet

TEMPERATURE. g g RaivvaLL, | Baromerer.
-]
M. Range, ©
o a.c . 1 n
¥igd Sl d g =
8184006054 glg| 2|52 53
Elgi=|a
January 72| 8516025 (38|65 17| 04| 1 |2098]-18
February 761 90 |65 25|40 )63 19| 06 2 ‘80 | ‘14
March. 83 98 | 781258962 (28| 11 2 81|16
April . 88110278 | 24|87 |62/(80]| 15 3 70 | *14
May 891100179 |21 |85|65 (88| 32 8 61| -18
June 868 06 1801580 |74 |66[107 15 50 | *10
July . 83 90 | 78 |12 (21 |81 |75]12'6] 22 50 | *09
August .| 8| 9 78 (1220 |81 |70|112! 91 55 | ‘10
September . [ 83 | 90 |78 |12 )19 )82 |[6'3| 98| 19 64 | 11
October . (81| 80 |74116} 28|75 |42| 58| 10 78111
November ., | 75| 85 6520|3368 |28 10 2 91|11
December 70| 82|58 24|34 66|17 05 1 97112
Year 81 : 70 [ 4°0 | 584 106 | 29°74

Moan highest temperature of year 110"

» lowest

51
. Annual nnge of Mmpenénre 50°

”»

Abseolute range of tem, tare . 686"
Rainfall of wettest yul:(;.a ye-u) 21y gs:i

»

drieat
Hlsh tmom'dodrudlng(mm)ll77‘8879§ Rllnyday.hdw;ttutyurdam)llﬂ :7
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67. DruBr1—Elevation 115 feet

TEMPERATURE. A £ | Ramrar. | Barouersr.
g8 -
M. Range.
s l8ai188 T ol 1 =1 ¢ g g |25
5 |#5|23 AHHHBEIERL
= |® (R
January .| 681741564120 20( 77115} 03 112994/ 15
February .| 65|76 |54 )22 '85]|65117| 05 1 ‘88| *15
March . L1 76|87 (65 [22(809 |61 (24| 1°9 3 77 1168
Apil . .|79|89 |71 |18 |32 |68 |29| 51| 8| -67|-15
May . .178 |8 |78 (13|29 |80 (46156 16 61|13
June . .18 |8 |77 | 920 |87 (71264 21 50| <12
July . .| 8288 |79| 9|17 |85|66154| 18 48 | *11
August . .| 81187 78] 9|16 8 |783|114| 18 53| 12
September . | 80 |85 (77 818 88 (66124 15 63|13
October 1781817311121 (81|22 43 6 78| 18
November .| 7179 |63 |16 |26 (75618 .. ‘86 | *13
December .| 64|74 |56 |18 )27 |78 12| 02 1 93 | ‘14
Year .17 78 | 3:8198:5| 108 | 29°71

Mean highest tempmture of year §8° Rainfall of wettest year (14 yrs.) 156 87 (1878)
"l ¢ tempersiure 50- Qerr, 1%31) oo
annual range of tempers
Highest recoxdadgrzading (3” yrs.) 100 8 885) | Rainy daysin wettest year(S years) 1929 51881)
Lowest 8 ° (1886) | ”
Absolute nnge of tgmpenture 66 K}

58. SissacArR—Elevation 338 feet

TEMPERATURE. E g RAINFALL. | BAROMETER.
-]
M. Range. °© .
dlguld = # g | 2%
8 Si 821w | 4 4 B g |58
= | =R = =18 a
a 21584 s
Jan o l70l49 |21 3285 (64] 11] ¥ |2074] 14
Febun:g,y .| 621735820 (36|81 |62( 22 9 67 | "14
March 16917915912 (377964 44! 14 59 | *14
April . .| 74182(66|16 30|81 |73) 99 18 50 | *14
ay . .| 78|88 |71 {15 (80 ) 8282|110 19 *43 | *18
June . .|88|90|76|14|25|83}86|141] 20| -81|-12
July . .18 |91 |78(13 (23|83 (88156 22 28 | 18
August, . |83 [90|78|12|23|84|87 160| 21| -83|13
September . |82 |89 {76 |13 |24} 856 |82{117| 18 ‘43 | 14
October 177187015129 |85|69) 52| 10 57 | "14
November . |69 |79 60|19 |31 (84|48 1'3 3 67 |14 |
Decomber . |61 |72 |51 (21 (81|85 [4'8] 06 3 ‘78|15
Year .| 78 © | 88| 70931 164 |29-52

Mean higheae eempautnxve of year % Abeolute range of temperature . 62:1°

n lowest 42 Rainfall of wettext year (80 yrs.) 1217 (1871

annual m,ge of tempenture 7: dries 722" (1866
Highest recorded reading (10yrs.) 102 “1). ?m; Rainy dnyu in wetteatyen(u yrs. )195 g

1874
Lowest " ” » ”

1870,

”» "
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69. SiLciar—Elevation 104 feet 61. Rarrur—Elevation 960 feet
TEMPERATURE. a g RANeALL. | BAROMETER. , TEMPERATUAE. g g RAINFALL. | BAROMETER. | .
] -
| M. Range © g . . a ga . M. Range. " i
-] -] “ -] . T ‘ g 5 b 8 - ] . g
g |82 85 &1 4 & 2 5| 8 il & | &
2R | x=| = % 2 A R CRELE s (818 =
" £ il % |4 , AR RE AR
Janvary . | 64 |77 |62 | 25 |86 |75 (27| 06| 2 |209¢]18 January 67 | 81|55|26 |39 |54|18] 08| 1200512
Februa.¥y (6779565124188 701{31 2:6 (] 89 | ‘18 February . |71 86 |61 26| 42|48 (12 .0'3 112899 |18
March .| 738563 |22 |86 (72|40 79| 12 81| ‘14 Mar_ch . 80| 97 (69 |28 )45 (40|16 06| 1 90 | 14
April . .|78187 69|18 |80 |76 |61 13:0| 17 72 | ‘14 April . 88108 |76 |27 |40 86 (22} 06| 2 79|14
ay . .| 80 | 8772 (1580 |8 |61 157! 19 85 | *18 ay . 92 | 105 |80 | 25 | 41 | 86 {32] 09} 4 69 | 14
June . .1 82897613 24 86|75 191 22 54 | °11 June . 86| 07|78 |19 |88 | 63 |68|104] 12 60 (‘11
July . .| 82|89 |77 12|21 |85|76] 206] 25 53 | *12 Junly 79| B7 |76 |12 |24 82 8:1 14:8 18 *60 | ‘10
August .| 82189 | 77|12 |22 (86|76| 182| 25 58 | °18 Angust . .| 78] B7 75|12 | 20 82 7.6 12.1 18 :66 10
September . | 82 | 89 | 76 [ 13 | 24 | 84 | 69 14°2) 18 -6 | 18 September . [ 80| 83|76 |18 21|79 6.4 7'7 13 .73 11
October . |80 |88 | 72|16 (28 | 81 (46 64 9 78 | 18 .| Octaber .| 771 88 168 )20 |82/ 67 3'0 : 2‘2 4 .90 12
November . | 73 | 84 | 64 | 20 | 82 | 77 |82 10 2 88 | ‘12 November .| 70] 82]60 |22 )39 )59 1'9 0.8 1 29.00 11
December . | 66 | 78 | 55 | 28 | 86 | 76 | 2°8 07 1 04 | 18 Docember .| 66| 78 | 54 [ 24 | 38 | 56 1.5 0'8 1 .05 12
Year .| 76 79 | 5:1)120°0| 159 | 20°74 Yoear . 178 59 | 87 51 0| 76 | 2888
* elnhlahuttem ture of year 112° Absolute range of tempersature . 74°2°
“°,‘“ aghon temperature of year {1 ﬁ??,?:'i‘fi‘o'r‘ﬂﬁffﬁft“;?.‘?‘(;?‘;:)lgﬁ?« 1866 n lowest ”,f" Yém | Rainfalof wetiast yoar (1 m)sw (8ss
anelinal range oftemporkiure cf, ot Qlard Elxh tnoordnmms nw 78) | Raisy days in wettesh year 35 yre) o8 (1565
Hfghestrecordedrendlng(uyu)101 -8 ?886; Rnlnydnys in;v:ttest ym(ls yn)]s'r 1874 o8 edrudlns(lOyrl) ? g ,ny ys n;ve y,enr yrs)61 1380
Lowest ” » s " » m » ” ” ’ 3 »n

., 62. NAcPUR—Elevation 1025 feet
60. SeoN1—Elevation 2030 feet

4 TEMPERATURE. g é RAINFALL, | BAROMETER.
TEMPERATURE. g B | RAINFALL. | BAROKETER, 5 g
M. Range 8 é i § ] moe B |
: L3
S8 ;|2 514 k| § |
| g .| £ -3 8 3 & Is = i & E
5 35|82 2 A RE 21| 2 |33 a Z15 g g * |3
&3 |=|=
— Janu .]69 | 88 |55)|28142|561}22} 06! 1|28 .
January .| 64| 80 |51]20|42)52(88( 07| 22796 Febr:g-y .| 78| 89|59 |80 46| 42]20] 04| 2 g; it
February . |68 | 84 (55|29 (43{45137| 09} 8 92 March . .]182) 9916782} 49)82|25| 06] 2 88| 16
March . |77 ) 94164 |80 )48 |34 (34 05 2 86 April . 890|105 {75680 42128811 05| 2 w8 | 15
April . .| 84100 |71 [ 29|41 (31(87] 06 2 78 ay . 931108 | 80 (28| 42|30 (41! 08 4 641°14
May . .| 87 1103|7627 |40 |34 (85) 09| 6 69 June . .| 8] 68|78 (20|88 |60 (71| 8815 66 | -11
June . .82 94|75 [19 | 34| 62{41]10°1} 18 59 July . 70| 88 (75|18 25|80 (86188120 56 | -10
July . .| 76| 85173 |12 |22 |81 |47(150] 28 57 ) August , .| 79| 88| 7518|2878 (88| 89|18 61|11
August . .76 84172(12 20|80 }{44(11-0] 21 62 -September . | 79| 89 |78 16| 241768 |74} 7-8( 15 67 | 12
September . | 76 | 86 | 71 |15 | 24 (76 | 39| 82|16 70 October LJ7T] 90 168 |22|85(60 401 23| 8 82 | *12
October .|78)| 86 |65 |21 |36 |59/89]| 19 4 -85 November .| 71| 84[59{25(39|52(26| 04| 1 ‘94112
November . |68 | 81 55|26 4050 (37| 04 1 94 . | Deceraber . |67 80)0564!26)88(52(24]| 05] 1 ‘08 {12
December . |63 | 77 |50 | 27 (40 | 51 |88| 07| 2 ‘98 Year .79 58 | 4:5)44'0| 84 | 2877
Year .| 74 5538|509 (982779
Mean highest ture of 15° range o
Mean highest temperature of year 109* Absolute range of temperature , 742" lluem pempen s }z' a::}:l?“ "0“:&;:1‘”(?9%)7645%" 881
" o rangs of tempersiure of Ralofall of wettest year (37 years) 700" (1854 nlm&'magmdmgo%"" e i e oes
E{ghut recorded reading (9 yrs.) 110+6° Ralnyduya ln wettuf; yeu'(ls yn ) 180 i}s&g , (1888, i R::ny d:ys " wettest yelr(lsyn ) lg g’%
Lowest " »n 864 w s driest 878 Lowest reoorded reading (10 yra.) 48-1° (1888) " "

Y
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63. AkoLA—Elevation 930 feet 65. BoMpay—ZElevation 37 feet
TEMPERATURE. g g RAINFALL, | BAROMETER. TEMPERATURK. g g RAINFALL. | BAROMETER,
-] =]
M. Range, M. Range.
i85 (88574 THERE §188/880 514 | 2o 2| 813 |5
FRE Lt 2 g i i 2w EEELAE L E s § g & " (&
x| x| = A

January .| 68| 85|58 )|82| 47|47 18| 05| 1 |20°07 |14 Jannary |74 8268 14| 24|70 15] 01 1 (2095 | 12

February .| 78 80 {87 (881508615 01} 1 ‘01| 14 February ., |75 |82 69|18 |26 (69|13 o 1 ‘92 [ -12

oS R R gl g R R |

r . . 89 . L) . » n R . 3 » ree eer . N

ay . .[98]107 (81 |26] 4027 |19 02| 2 78 | 14 ay . .| 8 (90 }80}10]| 16|75 |41 05 2 77110

June . .|86| 98|78 | 20| 87 | 56 (62| 52| 11 69 | *12 June . .| 8 |88 180 | 817 |82179|208] 20 ‘67 | *08

July . .|80| 89|74 15|26 |74 85| 78] 17 *89 ‘lg July . . g(l) gi g; g }g g; gé ?gz gg gg gg

August . |79 88 {78 |15 ) 24|74 (80 67|18 7411 August. . . : . .

Sepg;mber .| 78] 887216 28|75 |64 58|12 81|12 September” , | 80 (84 {76 818 )86 76{108]| 21 78| -09

October .| 77] 90166 |24 89|61 |26 22| ¢4 ‘94 | °12 October .| 818717611 |18 (81 |48 18 7 ‘84 [ *11

November .| 70| 86|56 (30| 45| 581 (18] 04 1200818 November .| 8088178 18(22| 71 {22( 05 1 ‘91111

December .| 66| 82|51 |81 48|51 15| 08 62 08| 18 Dec;mber . gg 84 |70 (14| 28 ;(7) 12 72 i 108 29'22 ‘12

Year .| 78 50 | 35302 | 66 | 2889 ear . K . .
96‘ Absolute f te ture ,46°9°

e b | KRS B o | Memght i oty 01| e s LR % 1
annual range of temperature 73* eat ’ annual range ot tem| dries 406" 21871
Hl3hest recorded Teading (10 yrs.)115° rgan; Rainy days in wem.t yeu- as m)'n 8 nfghm noorded reudlng(sgle yra. )1oo 2'?85 7; muny days in wetteaé yoar (11 yrs, )123 1888
Lowest » » » 86°7° 187 ” n dries 876 » ” est ,, »” 82 (1876,

2 — i fe
64. SURAT—Elevation 96 foct 66. MaNgALORE—Elevation 52 feet

TEMPERATURE. E E RATNFALL. | BAROMETER.
TEurdRATURE. 3 £ | Ranwrass. | Banoseres. H g
™ -] 3 M. Range. . . .
e - 1kl d 53 § 1848 AEIEIE 2R EE
" .
& | = | 2 8 % | %
i548 il all e
Janua .|76 188 }169[19 |80 |62]15 0-2 2991 | ‘12
January . |70 | 87 (56 |31] 4868 [08| .. 29'98 | ‘12 Fabm'{y |78 s7i71 {16 |26 |69 |14| o1l 89| 13
March | 179 9665|311 48 |51 09 . 88 | 13 L April ., .188|91[179112]/19 |73 (28 20 ] 811 -11
April .| 84110072 |28( 41| 50 1:0 v | o | 080 :18 . ay 188190179 |11[19|74 44| 81 8 78| 09
sy . .86 98177218750 116( 02| 1| -78(°13 June . " .|78 |85 |75 (10|17|86 |79 s78] 27| 78!-07
June . .| 86| 94|79 | 15| 27|68 {54] 94|11 88 | ‘10 . July . He71es |74 915(89 (77! sre!l 30 719 |.-07
Jllly . .| 81 88| 78]110) 2180 |80|/13:8] 20 ‘61 '08_ . ) Angm 77188174 90(14(891{78| 281] 28 80 | -08
August . .| 81| 88|77|11}18]79(68]| 98|17 *7 | *09 ' September . | 77 | 83 (74| 911487 |65 11-8] 22 *84 | 09
September . | 81| 8817611221 )79 60| 7:8(13| 74|11 October - . {78 85|74 )11 |17 (88|67 80| 16| -84|-10
October .18 | 9170|2188 [67 |24] 14| 4 *86 | ‘11 November . {78 |87 [78 |14 | 25| 76 | 4-0 19 7 ‘84|11
November .| 76| 90 (62| 28|89 |55/|07] 01 ... 92111 , December . (77188 |71 |17 (28| 67126] o5 2 881 11
December .| 71| 86|58 | 28| 41 {565 }11] 01| 1 97 | 12| Year .| 79 77 1 46 |181-0| 142 | 29°84
Year .| 79 62 [30|{42:1] 66 | 2081 . R -
. - I.n eat temperature of [T range o
Mean highest temperature ofym 1000 Abeolute range of temperature . 679" ?ﬁ‘w‘m ”." 08" ﬁl’?,‘.’ﬂ‘l‘i" wmf.ftt;‘&rp?;émyg)lgﬁmm
» lowest 48' or:r.i::.tymosm) sog: 878 g Eh mﬁmd mw'i: oat M 881
nhmmﬁ'mmgzg ;uwgm; mmydmmmm-tym&m) u am by " 5) (1836) mmydminwa ye’?r(oy:m)igggggg
. 'y N
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87. MeroaArRA—Elevation 3695 feet
TEMPERATURE. § 5 RAINFALL. | BAROMETER.
m
. M. Range.
151 g 5 55
2 g; = i' g §l 4 : A
X [ = | =
January , | 64|75 | 5520|8068 (27| 08 1263110
February 87|81 (57|24 (88 (60}25]| .. 8111
March 70 (84 (61 |28 (82|64 86| 11 4 29|11
April . 72 | 85 | 64 | 21 129 78|62 22 8 26110
ay 70 | 81 |65} 16 | 26 | 80 [ 6'8 61| 18 23 | -08
June . .l68|72164| 8|18 )03 |06] 258 26 21 | "08
July . .|64)69 (62 7(14]07(0°0] 4271 29 22| 08
August 64| 70| 62| 8 (16 |95 {05 267 | 27 22 | <07
September . | 64 | 72 [ 62 (10 | 190 | 98 (92| 123 23 25108
October 66| 76|62 (13|22 (88|79 80| 17 26 | 09
November . | 65| 74 ( 61 | 18 | 24 | 84 (89 26| 10 281 09
December . | 84| 74 (67 |17 |26 |77 |48] 06 8 80 | “09
Year 87 81 | 6'5]126'8 | 161 | 2629
Mean hi; t 14 90 Absolute f tel ture
e st tomporsaro ofyo: AR e
;. annual nnge of tema)en driest 876
Higheat reaorded reading )01 r xmny daysin :reltt:stym(’f yurl) m
s

e eed

68. CooHIN—Elevation 11 feet

TEMPERATURE. g § RAINFALL. | BAROMETER.
-}
M. Range.
FEIEEIe 3 ]
HHEEFIFIEAR IR R
g a|x|=
Janoary 7018 |71 /1825170 |22| 09 1209813
February . 809078 (17 (24|72 |24 07] 2| -92['15
March .[ 831917615621 |75(81 2-1 5 ‘91 | 14
April . 8419178132077 (40| 44 8 *86 | ‘18
ay . 82189 (77 )12 )21 |81 |67 127} 17 84 °11
June 78 |85 | 74111 |17 88 74| 80:7| 27 *86 | 09
July 77188 (74| 9116(88 |72 227 27 87 109
August 79 1 88|74 9 16|87 |62 12¢] 22 *88 | 10
September . | 78 | 84 | 74 1 10 | 15| 868 |55 94| 19 80 | 11
tober 70186741217 |84 569} 12:1| 19 89 |12
November 79187 ) 7413|2081 {48| 51| 12 90 | 13
December 79188 (721623 |7588| 19 5 92 |18
Year .| 80 80 14:8[115'1| 164 | 2989

Mean highest tempenhu’e of yen 95° Absolute range of temperature . 85-9°

» Weﬂi 7' of wettest year (33 yra.) 337°1%
Agmm o ron 3 est 094-3¥ (1878,
Elshn 600! edreoding( )996 8879; Mnydnylinwenutnu(llm)lw :r

”

”»
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69. MALAGAON—Elevation 1430 feet

TEMPERATURE- # £ | Ramsrars, [iBaronerer.
=
M. Range. g
k| g
S :s i S A 2(8lgld]8 |4 § 25
&l m|= |
January .|68| 8652|8449 |41 11°7] 02| 1286614
February . |72 | 90 | 66| 35 | 61 | 38 13| 02| 1 ‘51| 14
March 80| 98|64 (8452|8119 .. ‘46 | 14
April 85 |102| 70| 82| 45|28 |21} 03] 1 ‘871 18
ay .| 88 1104|7529 )41 839 |22] 07| 2 ‘80 °13
June . .| 88| 96| 76|20 |88 |68 |57| 50]10 22| 11
July . 179 87|78 |14 (28| 72]78| 42115 22 | *09
August . 78| 86| 72|14 |28 {72 |74] 4313 27| 09
September 77| 86|70 {16 |26 72 |6'8] 64| 15 8411
October 761 89|65 24|88 |67 )38! 24} 6 45 ) *12
November 70| 8656|830 4347120 04! 1 53| 12
December 66| 83|51 |82|45|471(21] 06 1 66| ‘18
Year 76 51 | 87 |24-7 | 66 ) 28:40
* bsolute range of tem . e
M(:'sn ht!%vl;:“ temperatara of year l% g&lnr&u of wg:test ye£~° z‘i\;uyx:s ) 878 *4* (1884)
annual nnge ‘of temperature 69° " driest ,, 15°7” (1876)
mghest recorded reading | yrs )uo 8 ?gz_?g; Rainy days in :;tb%st year (8 yra.) 81 ss«;

70. Pooxa—Elevation 1849 foet

TEMPERATURE. g g RAINTALL, | BAROMETER.
-]
M. Range. °© .
d a o |—— g g
CES
AEHEIFIFIFE R A
a o || =
Janua 172 86|54 824841 (18] 02 1])2818]|"'14
Femey .| 76 90 |56 (84 |50} 83817 ... 00 | 14
March . .| 88| 98 64|84 (47120 |25] 02] 1 05 | ‘14
April .88 |101 69|82 |43 |81 (24| 06] 22789 14
ng .| 85|100|71 (2041 (4280 16| 2 94| -12
June .| 79 89 (7217127 {69 | 76| 56| 13 88 | *09
July 75| 811(70111[10(79190°0| 661 21 87 ( 07
ugust % g3 |60114( 22179 |87 41}20 91108
Septembgr 76| 83 (68|15 |28 |77 |81 48|15 97110
October 78 | 87|66 |21 (83|58 48] 41| 8 [2805] 12
November . (76| 85|59 | 2641|4628 08| 2 *10| ‘18
December .| 72| 83 | 54|29 |41 |41 {27} 02| 1 ‘14 13
~ Year . 178 52 |4'6]28'8| 86 | 2801
Hun highest tempersture ofyurlOﬂ‘ Absolute range of temperature . 68+4°

lq';‘:lrmno tom
i aon

”

14°27 (1844

énm Rainfall of w:ittest year (48 yem) 569" 861
)m-sr ssso; Rainy days in wuttest year (11 yra.) 04 (1888
driest

»  TLQ1878
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71. SHOLAPUR—Elevation 1580 feet

TEMPERATURE. 3 g RAINPALL. | BaROMETER.
-]
M, Range, ©
{11
AR AL i
o m |-
January .| 72| 87 | 568 |20 (42| 42122 ... 28'40 | *13
February . |77 | 04 (6282|4384 19| 01 1 88 (14
March . ,[83)100 | 68 |82| 43} 20 |28 08 1 80 | *14
Aprll . .| 88 1105 |74 |81 |30 )26 (82| 07| 8 21 [ 15
May . ', [80|104{76|28|30|34 (40| 12| 4 ‘15 | *14
June . {82! 9656|7223 (855868 71| 46|14 12| 12
July . Ll 79 90 (7111912865181 48|16 12| 10
August .| 78] 89 (711827 |66 (81| 6017 15 [ *11
September . | 77 88 |70 (18| 26|70 (88| 75|14 20 | *12
October .177| 8968|2182 60 (50| 87| 8 29 | 12
November .| 78| 87 |63 |24 (89 )58 |87 07! 8 35|12
December . | 70| 85 |58 {27 )|389(49 80| 04| 2 °89 | *13
Year |79 ) 49 {4'8 (205 83 | 2825
of year 110° Absolute range of temperature .
Mf,‘n }l(!gl::t temperaturs of y 47’ Rllnl;‘l'l‘ of :g:mt yelxl"e(lﬁ yrl.) 08‘0” 7!
, ann lu.lnnge of tem 10°6" (1870,
In‘igmtreootded rudlng(geyrl.) niy 51394; lmny d-y- in wemub year'(8 yrs.) wg 75%
7 » ”

72. BeELgAUM—Elevation 2550 fest

TEMPERATURE. g 5 RaINFALL. | BAROMETER.
-]
. M. Range, .
§18488) 214 ik §|g
= :5 2% 8 = (&
JHEE
January .172(83|58|25188|47]1'7| 01 27:44 |18
February . |76 89 (60|20 )41 )39 |15 . 41|18
March . .|80| 9565180 |49 41 (21| 05 8 ‘38| ‘14
April . - .| 81|97 6780|4050 26| 20 ] 32118
May . .| 80 |94168]26|88150|84| 28 7 29 | ‘12
June . .| 74182 168|14|26|80|7:7] 98] 21 25 | 08
July . .71 176({67) 9|16 (89 [88|152] 28 25 | -07
August . L1701 77166 11|18 |88|85] 90| 25 27 | <08
September .} 7178 65|13 |21 (88|77 87| 22 82110
October .| 74188 65(18 |27 |70]56| 47| 18 36|12
November .| 73|82 62208157387 12 5 40| -12
December , |71 82|69 )23{3838 50 29| 08 3 *481-12
Year .| 74 63 [4°7(48°8 ] 188 | 27°84
Mean highest tempersture of yeu' 102' Absolute range of tempersture . 619°
» lowest Rainfrll of wettest year (43 yrs.) 784"
, mml  of tem; o driest 952~ (1890!
MM uullng 0yrl)109 gm; mmyd.mnwetméy’e'udl:mn?gg
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78.—SEOUNDERABAD~—Elevation 1787 feet

TEMPERATURE, i E b RAINPALL. | BAROMETER.
= .
M. Range. ©
i i3858 5 £ 4 k| £l & Eg
:3 24| =18 Al =
g JTHEE
Jan 70 | 84|57 27187 |64 17| 03] 12819 14
February 76| 91 (62| 20140 45 114} 02 . ‘15| 16
March . 82| 98|69 20|40 |89 ]1:7]| 07} 8 10| “15
April 871102 (75|27 |40 |86 |19} 07| 4 ‘034 15
y . 89 108 |78 25|89 |87 (26| 14| 5]2795|15
June . 82| 94|74 (2084 )58 54| 87|12 ‘91| -18
July .l7r| 88|71 |16]28 | 72|67 60|17 91 11
Angnlt .|771 8|70 16| 25|72 |60| b7 18 94 | -12
September . |76 | 86| 70|16 | 2475 (69| 652} 16 ‘98 | *18
October .176| 87{67120 |81|66|40| 33| 8|2807|-18
November . |72 | 83 |61{22]|85/|60{29] 08| 4 16| 14
December . |69 | 81 56| 25|87 (67 )22 03} 2 ‘19| 14
Year .| 78 56 135|283 89 | 2806
Mean Mghelt tampentme of year 109‘ Absolute range of temperature .

887
» Rainfall of wettest year (44 yr&) 44 6" §878)

otwm ntnre 6 driest 12-9” (1889
Hlg hut ":fe 104 Mydayamwems% yeu('nyrs )116 asai
g gyﬂ ) ' 8879; » ” drl oy " 57 876

74. BELLARY—Elevation 1455 feet

TEMPERATURE. » i g RAINFALL | BAROMETER.
-]
M. Range. 5 -
. E. &
LRERRE AHOREI R R
® |
January 78] 88 (61|27 |388!50|28| 01]...|2848| 14
February | o4 (65[ 20418715 ..|.. ‘44 (15
March . 851017212040 ]33 (28| 06| 1 39| 15
April . 89 (104 (77]2718718 81| 08| 8 3215
ay 88 {108 | 77126 )38 (42(48] 18| & 271°15
June .| 8| 95;76 | 19|30 |58 |74 18| 6 26 | -12
July . . |81} 92 (75|17 (27|62 ]|80] 13| 8 271 11
| August L1811 921741812663 |74] 28] 8 29 12
September . [ 80| 91 (7381827 |64 |73|-87] 9 821 ‘18
‘October .79 9 (71 (1930 |64 (63| 89 9 88 | "14
November . | 75| 87|66 |21 |34]|61 47| 10| & 44114
December .| 73| 86 (61]25)|85 |57 |34] 08[.1 48 | "14
Year .| 80 o 52 149176} b5 | 2836
highest te tmofyeo.rloe' Absolute of te & . 59°5°
o gt o e | R £
97 (1876
hutneordedreading )1108‘ 882 Bulny days in wettest year 1 69
mm 8 ; .n driest yn (lnym)as 12;2%
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75. BaNcaLorE—Elevation 2981 feet

TEMPERATURE. E g RAINFALL. | BAROMETER.
i
M. Range.
' T4l ] 4|8 x
REE I FR PR R
A mn x| A
January .|67 |79 5623|3360 (28| 021 1]|2704]°12
February , |72 |85 69|26 )86 6223} 01§ ... 0213 .
March . .| 77190642887 )40 |26 06| 2269918 !
April . .80 (93|69 2432|5235 13| 8 ‘94| 18
May . .|l79(92{69128]33|61 (456 5-0| 10 ‘90| ‘12
June . .|74| 85|67 |18 ]|27178 57| 82|13 ‘88| ‘10
July . .]72183 |66 (17| 24|77 (62| 40| 14 *89 | -09
August .|72 {83 (6617 2477 (61| 89|17 90 | -11
September , | 72 |82 (65|17 25|76 |50 6'8)18 93 | ‘12
QOctober |72 826517 {24| 78|57 64|18 ‘96 | *12
November . |70 |79 |62 |17 |27 |73 |49 19| 7 (27°00] 12
Decoember . |87 (78|59 )19 ;20|68 40} 07] 38 ‘04112
Year . 178 66 | 45356 | 96 | 26'96
Mean highest temperature of year 98° Absolute range of temperature . 53-6°
» lowest 51° Rainfall of wettest year (51 yrs.) w 7" (1874
» annual range ot tampemture 47° ries!
Highest recorded reading (10 yrs. )99 4° ?882; Ralny dnyn in wettelt yeu'(ll yrs.) 149 g:mg
Lowest " ” " 1877 ” » 78 (1876

76. MasuLipaTAM—Elevation 10 feet

TEMPERATURE. ° g 8 | Rawrare. BAROMETER.
R

M. Range. . .

a - ) o g

g g 8; B 8| g |5 g E8

= :3 === | % =&l x |8

2l g% i R

January .| 74188 )68 17|27 )73|88( 03| 1800112

February . |77 |87 |68(19 (29|74 (3821 01( 1|29-96](12

March .81 |92173119 |80 |74 85| 08] 1 90 | ‘13

April . .18 {95 (7711880 |756|39[ 01| 1 ‘8118

ay . .| 88|99 /81 |18 (86|72 |48 17| 4 71118

June . .| 8719881117134 67|66 44] 8 65 | "12

July . .| 84|94 (791527 72|69 56|15 67112

August .| 84};92)78|14|25|74)|66] 60} 16 70| 12

September , 8319117813 28|76]63| 65{16 ‘74118

October .[81180|76)13 |24} 78|55] 88|12 ‘84 | "12

November , |77 (85|71 )14 (24 |78(51], 40| ¢ 94 | 12

December .| 74|83 |67 (1624 |75]42| o7] 23000/ 12

Year .| 81 74 {50 [388'5]| 88 |20-83
Mean highest temperature of year 109° Absolute f te! ture .

» lowe “1 59° m:r:u o?:‘e;:e:st yﬂrw& yrs. ) Gz?" 878
n{ghutn?ordﬁm"('uyr:smﬁw 878) | Rainy d.ymwem.t year (18’ n.2)51ox g%
Lowest ” ” (10 yrs. ; s‘ g ” driest 4 ” y ﬂ;
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77. MAprAas—Elevation 22 feet

TEMPERATURE. a £ | Ramrarr. | Barouerer.
LA
M. Range. ‘
g4 84 o B 2%
1 8\8 5 lglg| |4 g 25
R :
January .17618 |68|17|26)72 (41| 1-0{ 8 |20999]| 12
Foebruary . |77 |87 68|19 |28 |71 |28| 03] 1 ‘97| ‘138
March . .|81]90 (72|18 ({20 {78 |25| 04| 1 ‘91| 14
April . .| 85198 |77 |16 |27 |72 28] 06| 1 82|13
ay . .!187198181 (17182167 (88} 22 8 74} ‘13
June . .|88 |99 |81 |18 |81 |61 85 21|10 70| 12
July . .|[86|97|79 /18|28 )64 |71 88| 14| 72|12
August . .85 (98|77 ]18 |27 |60 |64 44| 14 75| ‘13
September . | 84 |94 |77 | 17128 )70 |62 4711 7718
October .| 81|89 75114 | 26|77 (62108 14 ‘84 | ‘13
November . |78 |85 (72| 13|25 |79 |6'3137| 14 92 | 12
December ., | 76 | 83 |70 | 18|23 | 77 |564) 51) 9 98 | 11
Year . 182 71 | 50| 491 | 95 | 2984
N Absolute range of temperature . 55°3°
M:&n {';53:" temperature of year 108 Rainfall of wge?.test yeal;e('lf‘;rs ) 88~ i" (1827
annual range ot tem erature 48' driest 185" 51882§
H{ghesc recorded rndlng( 7 yrs )112 9° ?880; Rniny days in wettest year (26 yrs.) 119 (1847,
Lowest M, M driest — ,, 78 (1876)
78. TrIoHINOPOLY—Elevation 275 feet
TRMPERATURE. E £ | RasrarL | BaroMeTER.
g |3
M. Range. .
1841885144 Bl § |32
x|== %% 2|5 ([§ 8|~ (& & |&
ElE|= = 2
January .]78) 87672 |80 |68 (42 1'0f 12071 14
February . 78 ] 92 (68|24 (84|62 (29 05/ ... 70 16
March .| 83] 981732588 |58 (81] 07] 1 ‘66 1{ ‘16
April . .| 87110117828 83|54 44| 1-8) 1 57| '16
ay . .| 88102 |78 24 (83|56 |56| 88| & 52|15
June . .18 | 99017812120 (67174] 131 8 50112
July . .|85| 98 | 78| 20|27 |67 |7°7]| 22| 8 51 12
August . |84 987620128861 (78| 44| 7 53|13
September . | 83 95 | 75(20{ 2763 {74 53( 8 55| ‘14
October .| 8] 91|74 |17 | 26|73 |78] 7811 69|14
November . |79 | 87 (7116|208 |76 |7°4] 52( ¢ 651 13
December . |76 | 8569|1627 |74 |69| 31| 6 70| 13
Year .| 82 63 | 801371} 55 | 29'60
heat temperature of 106° Absolute range of temperature . 51°8°
n:l!l lll;%elt pers your 50 Rainfall of Wgettest yc:;'e (83 yrs. ) 05+ 3/1 (1863
annual range Y's tempentm 845
eat recorded reading (12 yrs.)107+9° Rnlny days in Wettest year (11 years) 70 1877§
(1876 1881 w » driest ,, 1 (1876)

reading (13 yra.) 56°6" (1884)
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79. CoiMBATORE—Elevation 1348 feet
TEMPERATURE. g E,i RAINFALL. | BAROMETER.
: CRE

M. Range. .

g | & 8 . o ] S

s418£1 . s |5 ZE

g |52 25 s1£1glg|%|&] & |38

Als ==
January 74 | 87 | 64| 23|34 |59 |34 03] 1]|2861]°15
February 77 192 65|27 |87 ]52}24] 01 1 58 | 17
March . 81971702736 |54(|29( 06| 3 55 | *17
April 83198 )74 |24|32)58(42 18] 4 49 | '16
May 81|95 | 74|21 |82]65 54| 2610 45 | ‘14
June 7819072118 |28 |71 |66! 18] 9 ‘44 | ‘10
July 777871181251 720656( 13| 9 ‘46 | 09
August 7788|7117 |25 ] 73|61 | 12 8| -a7|-11
September 77190 |71 (19126 | 71|57 12| 6 49 | ‘18
October 77 |88 [ 71|17 |26} 75 |63| 57|15 61 | *15
November 76 | 86 | 69 | 17 | 27 | 74 |61| 34|13 56 | "14
December 74 |85 /66|19 3168 (49| 11| 8 59 | -14
Year 78 66 | 5°0 | 211 | 85 | 2852

Mean highest temperature of year 102°
o

y» lowest

5
,» annual range of temperattl’xre 46°

Absolute range of teraperature . 49:8°

Rainfall of wettest year (24 yrs.) 29-0” (1880).

Highestrecorded reading (1 518" (1879) | Rainly days in ottest Jear (11 years) 116 \aogd
recor X -8° i
Toont, oo edreading(1lyxa. ) 108, (07e) | Rainy daye inwetiest year (1 years) 118 §?§§
80. MapurA—Elevation 448 feet
TEMPERATURE. g g RAINFALL. | BAROMETER.
jus
M. Range. ° .
§ 84|82 T2 1 s |8 § |88
5 (=222 Z|§ 4/8/9|&| 3 |8
Rl= |8 =
January 77| 88 /6820|2967 |42 07] 12950/ 16
February 79| 93[68{25(33[61139]| 04| 1 48| 17
March . 83| 97 (7225135160 /40| 06| 1 ‘44 | 17
April 86| 101 | 76 | 26 133|569 |46 20] 2 87117
May 86 /101 |76 {25 33|61 |51] 28| & 32|16
June 85| 99 |76 | 2313059 (65| 1'6] 3 31118
July 84| 99| 76,2330 (59 (53] 17| 3 3312
August. 841 97176|22)80)63 53| 47| 7 ‘34 | ‘18
September 83| 97 (75612212963 150] 45| 8 *36 | "14
October 81| 92173119 |27 |78 54| 87|14 40 | *14
November 79| 87721525175 |56 51| 9 44 | 15
Decomber 771 86 |70 (16 ) 25| 74 (51| 22| & ‘48 | ‘16
Year 82 65 {49350 | 59 | 2940
Mean highest temperature of year 105° Absolute range of temperature . 469*
s lowest 62° Rainfall of wettest year (24 yrs.) 540" 1 (1877

»»_ annual range
Highest recorded read.

Lowest »n

of tenngmtu)re 0%3’ )
ing(12iyrs.) 106-7° (18
¢ Zr 59-8° (1876)

80) | Rainy days in wettest year (11 yrs.) 75 §1886
» driest °, ity 42 (1876

driest , 2077 (1876

" ” ”

1 A much higher rainfall, viz. 730 inches, is given in the tables for 1858, but as & register

kept in thelsuburb of Pasumalai b;
I cannot accept the former as valid.

the missionaries gives only 81 inches fn the SAIMO Year,
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81, TRINCOMALEE—Elevation 175 feet
TEMPERATURE. E g RAINFALL. | BAROMETER.
R
M. Range. .
§ 185185 & 2 2 = i 2%
TI88]38 2 )¢ g5 ]5| 28| B 2 |5
Rl | "=
Janua, .| 78183 |74 9|15 |77 |58 62| 10 [29-88]°10
Februzty .| 80185 |75 |10 |17 | 74 (45| 24 3 87 | "11
March . .| 82{88 7656|1820 (75 (41] 18 4 84 | *12
April . .| 8592|7715 28| 70 |42 16 4 77112
ay . 18 |94 17717 |26 (67|81} 22 6 7111
June . .|85198| 76|17 | 25|67 [62] 19 4 *70 | 09
July . . |85|93|76|17|24)65|57| 22| 2| -71|°10
August . .| 84|93 75|18 (25|68 |67 42 9 72 | *10
September . | 83 | 92 | 75 17| 24| 69 | 67| 46 7 74| 12
October Jler1lsolvsl14( 2374160 89| 16 77112
November . |79 {85 |74{11 (18|82 |6:2{181| 19 82 11
December . |78 |83 |741{ 9|15 |81 [6-4{182] 20 85 | 11
Year .| 82 72 | 556|618 104 | 29-78
° f te ture . 3671°
Mean highest temperatureof year 8 | Rindals of wattest year (16 yrs.) T8 (1888
i: oty Ofit:mgf“mrfms:: 1886) | Rainy days(illl;lgvs:ttest:,yeu (1é’yrs4fi523 Tore
. K n .
?.o‘v;vlﬁtmofedmﬁ 8 ,’,“ ) 65'3'21876; v v ,  driest » 18 (1884

82. KaNpy—Elevation 1696 feet.

' TEMPERATURE. § B | RaINFALL. | BAROMETER.
Al g
M Range. . e
-] o
g . & b =%
5 35 5: 1494149 =]4 § L
Algi ==

.|7418069 11|21 | 76561 50 10 |28:22] ‘10
%1%?:;% .| 761821681424 |71 43| 26 4 21 (12
March . L]79|86|71]15]23 )69 48[ 31 9 20| 12
April . | 7918771116 22|74 (53] 69| 14 ‘161 *11
ay . .v79 188 l73118| 2047667 67} 18 ‘141 -09
June . Ll 7784|7118 17|81 (68| 91} 21 ‘15 *08
July . 176180 | 71| 9|16 |80 66| 78] 21 ‘16| 08
August .l78|8 711011979 65| 62] 19 ‘16 | -09
September . 76 {83 |70 | 13121 {79 63| 6:8] 16 ‘18| 10
October .| 768269 |13 |21 (80 64|11'3| 23 ‘18| 10
November . |75 (8268|1422 (8059|1161 18 ‘191 10
December . | 75|81 |68 |18 1288050} 84 17 201 10

Year 76 77 158 84'5| 185 | 2818

° lute range of temperatare . 40-6°

M:m }gg)::t temp’erltm‘e of year gg' ﬁnb?onﬁl?otwgttest yeal;'e(w yrs.) 1111

” (1882

of temperature 30° dries 677 (1884,
nﬁhé?ﬁfﬁ%mg(? yr8.3) 94°6° Elsso) Rainy daysin wettest year (12years) 218 (18

Lowest ” 1 » 54° (1886) » 1) est » 1 160 (1884

1 From 1876 to 1882 the maxima and minima temperatures recorded at Kandy are
evidently untrustworthy, owing apparently to want of proper exposure. These have
therefore been rejected. According to Bir Emerson Tennant's description, the diurnal
mf° of temperature in the cooler months is much greater than that shown by the above
table.
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83. CoromBo—Elevation 40 feet
TEMPERATURE. E g RAINFALL. | BAROMETER.
==}

M. Range. © .

g Wi gd $ 3 d 2%

w32 . o 1S g =R

=5 | =4 ;5 21818~ &= |Ad

g | = =2

January 86 | 72114121 |74 149| 30 6 |29-88 [ '12

February 87 | 73|14 | 22|78 |42 17 4 88 °13

March . 88 {75 (13|18 | 76 147 55 9 ‘87113

April 89 | 77 |12 (18 | 77 [ 66| 88| 13 82 | *12

May. 87 | 78 9118|179 168|132| 20 '81 | *10

June 85 | 78 711481176} 82! 17 82 | ‘08

July . 85 | 77 8(14|80|68| 55| 12 83 | 08

August 84 | 77 7113|8070 45 13 84 | +09

September 85 (77| 8{13|801(69| 49| 14 86| ‘11

October 85 | 76 911580 ;68129 21 86 | '11

November 851741111679 162,127 17 86| ‘11

December 85 |73 |12 19|76 (59| 64| 13 87| 12

Year 78 16-1 873 159 | 2985
Mean highest temperature of year 98° i Absolute range of temperature . 80°

s lowest 68° Rainfall of wetbest. year (17 yrs.) 180°7" (1878
anpual range of temperature 25° dries 67°0” (1874

Hx’éhest recorded reading (12 yrs.)95-8° §1885; Bainy daysin wet,testyear (1‘2 yem) 195 13885)

Lowest -

” 658 » ” driest ” ” 1876)

84. AKvaB—Elevation 20 feet

TEMPERATURE. g § RAINFALL. | BAROMETER.
o
M. Range. ©
EREE ; < | 5| § |28
s285| 241§ (§| 24| & |E3
[=] = = =
January 82 159123347216 01 3000 | *11
February 85 (60|25 |87]70111 02| ... (2995] 12
March 89 168 |21 (34]|73119 05 1 ‘901 ‘12
April . 92 |75 (17 | 26 |74 |30 16 2 ‘83112
May 91|77 114 (25|78 (53| 12'2] 14 761 10
June .. 8 (771 918187 (70 516[ 27 ‘68 | -09
July . 84|77 71589 |85 51'0( 29 *67 | -08
August . 85 |77 ) 8115|8980 386| 28 71| *09
September . 87 [77 (10|16 |86 69| 230 22 76 | ‘11
October . 88|76 (12119 |83 48| 124} 12 851 "11
November . 85 171 )14 )25 81 32 39 3 94 | 10
December 82|64 {18 (30|77 |25 06 2 ‘99 | 11
Year 80 |4'5[195°7 | 140 ) 29'84
Mean }lxighest temperature of year 06 Absolute range of temperature . 51'8°

»  lowest
4 annual range of tempemture 45° 1427 (1874

Highestrecorded reading (12 years)99-1° ?882) Rainy days inwettest ‘year (17 yem‘s) 158 1879

Lowest ,,

Rainfall of wettest year (28 yrs, )264 1 850§
1869

Y 478°(878) ,,  , driest

B TR R
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85. ManpALAY~—Elevation 250 (?) feet
TEMPERATURE. g g BAROMETER.
]
M. Range. ©
a4 . @ XA
g FER . . & B g =
:: _b. g .5 a g =]
F 3 .
January . 84|69 )25 2975 | ‘156
February . 90 | 60 | 30 70 | ‘18
March 98 [ 69 | 29 69 |17
April. 102 [ 81 | 21 08 4 50 | 19
May . 101 | 82 1 19 46" | 12* 48 | 17
June . 04 | 79 ( 15 51* | 11% 45 | ‘14
July . 93 179 | 14 84| 2:9*| 10" 44 | 14
August . 92 | 78 | 14 91) 2+4*) 10% *48 | "18
September . 90 | 78 | 12 86| 47%|10% 50 (-14
QOctober | 42 6 | [29-61]] ...
November . 84 168116 37| 26 7 72 | 12
December . 84 | 62 | 22 14| 02 2 76 ( "14
Year . 275 | 72| 2958 %
Highest recorded tempemture . 1081° 21879)
Lowest ” 529° (1879)
Annual range 53-2°

N.B,—The vnlues for October in brackets are interpolated.

# For the five monthe May to September, the rainfall data are the means of the two

years 1879 and 1886.
86. THYET Mvo—Elevation 184 feet
TEMPERATURE, g g RAINFALL, | BAROMETER.
-}
M. Range ©

g, g : @ 238
35 |85 .. | B 53 |22

=2 22| & AL A& | |4
3 § :
January . 85 { 654 | 81 18| ... 2985 | ‘14
February « . 92 | 56 | 36 10] .. 79 | ‘15
March . . 100 | 66 | 34 12] 01y ... 73| 16
April . 103 | 75 | 28 25| 07 2 ‘64 | *16
ay 99 [ 78 | 21 48] 53| 10 61| ‘14
June . 80 | 76 | 14 64) 79] 20 58 { '10
July . 89 | 76 | 13 68| 80| 22 57| 111
August . 89 | 76 { 18 68| 85| 20 59 | ‘11
September . 90 | 76 | 14 59| 78 18 65 | -12
October 80 | 76 { 15 53( 49| 10 73112
November . 87169 |18 38| 23 4 80 | 12
December. . 84 | 60 | 24 80! ... 1 85113

Year . 40 107 | 2970

Mean highe:t temperature of year 1(4):'

, lowes

, snnual range ‘of tem
nighutmordad reading(7yrs.) 1107 (1881

»”

rature 65°
» 408

Absolute range of temperature . 69-9°
Rainfallof wette:t year(17 yea.rs) 626”7 (187"

dri 836" (1884
Ramy daysin wettest year (9 years) 183 51879
dri s 06 (1878
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334
87. TouNorOO—Elevation 181 feet 89. MovLMEIN—Elevation 94 feet
, TEMPERATURE. & g RAINFALL. | BAROMETER. TEMPERATURE. a g RAINFALL, | BAROMETER.
|3 — B |3
M. Range. © . . el g o a g M. Raoge. .
S| 84|85 . o 2 g |28 3 gl wl4 s | g g g IR 5
g | 28 |85 4|l gl 4 & B &8 SlEg | 4 & k| £ =
CERE-L R =1 A a L IAE - 5 |8
* iE|8) : 20588 d
70| 86|57 |29(89 70109 .. 29-83 [ ‘13 January .|75188 (6412534 |63 ({08 2989 | 12
%‘:rll)::g"y |74 91|59 (32|43 |64 /06 02 76 | "14 February . {77 /92|66 2635|6307 01 84| 12
March .80 98 |67 {31 {44]|611056] ... 70 | -16 March . .| 81]194172;22)81;6606 01 81113
April . .| 85 |100| 74|26 )|385]6218]| 15 5 63 17 April . .18195|76|19 27|69 |24 3+0 7 751 13
May . .| 83) 97176121 |32)70147) 66| 12 59 | '14 May . .| 82917611524 |76]50( 197| 18 701 +12
June . .| 79 88 |75 (13|21 |84 {77134 24 57 (10 June . .| 78184 76| 91889 |82 384 28 68 | ‘09
July . .|l 78] 8775|1219 |87 18-0]17-6| 26 58 | '10 July . . (77|83 |74 91590 83| 43'9| 29 68 [ *08
August .iv78 | 87175 (12(19 |88 182|181 27 ‘58 | 10 August . 17718817410 911819011821 430 28 69 | *09
September . | 80 | 89 | 75|14 | 19 85 (67118 22 62| '12 September .| 78 (84 (74 |10 | 18 | 87 |63 80°3| 27 72| 11
QOctober 180 9017511520182 )43 74| 14 69 1 12 October ., 18018874 )14) 20 8132 84| 15 76 | *12
November . | 77| 87 |71 |16 |28 |80 (28] 14 4 76| 11 November .| 78 ({88 (72|16 | 26| 74 |17 15 5 80 | “11
December . | 72| 85163 |22{32|78|21| 02 1 ‘80§ *11 December . (76|87 67|20 |80{70]|13 01 1 85 | ‘11
Year . |78 76 14:0( 781 | 135 | 2967 Year .| 78 77 [ 8'9(188°5| 158 | 29-77
bsolute f t t . 59'4 Mean highest temperature of year DD‘ Absolute range of te; t 468'7°
M?n }ggv};es:t temp?mtu:e of ye“ 12‘; IA%afgf:ll o?v;lgtet;lt ;éﬂff{? )?lf: ) 101 s" (1871) » lowest p,e ° Rainfall of wgttest ygz.;;e(rt?l ‘;1;; ) 2797 (1
. annual range of temperature 5 d fest " annual range of tempa! orature 4 . dri 184171 (187B§
ﬂ:ghesb recorded resding (9 yrs.) 106" 6 (1881) (1878 74) Highest recorded r: eadlng(lOyra )101 ) glemg Ba.lny dnys in wettest year ('10 yrs.) 175 (1879
. . 471 Rainy days in wettest year (9 yrs.) 154 8843 . Lowest 1 " O 185 (1878)
(1883 1884) " ” driest »» 91 (1878
, 1 O:l{e 124°2 inches ;sa drc;cotrlxliec}, in &850, and 12;“1 38 inches in 1862 ; but up to 1865 no
88. RaNgooN—Elevation 41 feet ::ienp:"o bl\. bry“ix::;:n r; f;'e red in the five dry months November to Mnrch, and the registers
TEMPERATURE. § g RAINFALL. | BAROMETER. 90. MrrguI—LElevation 96 feet
m .
M. Range. ° . TEMPERATURE. # g RAINFALL. | BAROMETER,
2186|882 Ta .| £1 § |28 Hle
g gﬁ §z g E1E|2 : A g 55 i CEIEE T Bange g g g
(a8 # CE] 1 =
x A EINIFIERE IR B
January L1751 88 (64124 35|66 (2402 11299613 s A=
February . [77 /93 |65|28 |38 |62]22] 01 1 91 | ‘14
March . | 8197171263764 22|01 .. 87| 16 : January .| 77|89 6821|8078 |27 05 2 | 2987 11
April . .| 84| 98| 76|22 (31 6836|188 4 80 | 16 February . |79 |90 |71 {1926 (75(|31( 14| 3 86 | \12
ay . .| 831{93|77 |16 |27 |76 |65]109] 16 75112 March .| 8 9278|190 [25| 77|38 2+3 (1§ ‘83|12
June . .l7986177]| 918|888 :88(184{ 28 73 | 09 April . .181192(74 118 [24(79 (54} 67 8 81 12
July .|78185]76] 911690 |9°021'3] 29 73| ‘08 y - .8 |90 75|15} 2383|8373 159 186 751 10
August. 178 185176| 9|16 91 [9°0186] 27 ‘75 ‘09 June . L177185 (7311212080 (91] 298| 25 ‘74| 09
September , | 78 | 85| 76 [ 9 | 16 | 89 | 83 [16:0] 26 79111 . July . .| 768 (7311188990 81-6] 28 ‘74108
October .18 188 |76]12 )18 |85 62|81 14 84 | 12 . August .| 778 |73 |11|18]6087| 281]| 26 76| -09
November ., (78] 87| 78!14 |24 | 80 |4:5] 34 [} 89 11 : September , [ 77 1 85 | 78 {12 ({17 | 90 |87 26'3]| 25 781 °10
December , |76 |87 |68] 19 |29 |74 (82|01 1) '94]°12 October .| 7818717314 )19 867 :3 13:5] 20 80| 11
Year {79 78 156 {990} 153 | 20-83 | November . | 77 | 87 [ 71 )16 [ 24 |80 |568] 85| 7 82 {11
December .-| 76 88 (69|10 |27 74|28 05 -2 ‘85| '10
Mean }‘i@m terperaturs of year 104° Absolnte range of temperat Year |78 82 [ 6-1 (1591 | 168 | 29°80
” Rainfall of wettest year (17 yrs.) 143'4” &871;

annual range of temperature 467 driest letn highest temperature of year 97° Absol .
i“%z;z?"mwwmﬁ%?sm’:;‘“““’%z"‘"‘;°‘“’”’°"f‘°’">“‘ e oo £ | Bl y oty e S
0 »oeo : of temperatare 36° rles
N Rainy days in driest year (10 yrs.),152 (1878) E‘mamo e‘t’lg:udlng years) 98 o ?878; ley dlys ar wem“ yw (9 yeu’s) 1‘58 ?g;g%
' 149

n ”» ” . s
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91. PorT BLAIR—Elevation 61 feet

TEMPERATURE, ] g RAINFALL. | BAROMETER.
-]
M. Range: ° B 3 e
- =] . : % - a8 (=4
%138 .
8188188\ 50441:| 2| 8|8 |5
Rla | ==
January . | 7986|7511 18| 77|84 09 212990 | 10
February . {80[88 |74 |14[ 207828 13 2 89 1 ‘11
March .| 8219176 (15|21 |78 29 04 1 87 | 11
April . .1 83|92 |78 1142078 (|41 24 b 80 | *11
May . . (818 |78111 |19 84 50| 1569 20 751 09
June . .| 818678 8(16 |86 (70 179 25 73 | *08
July . . 1808677 91586 |71 165 26 74 | 07
August .80 )8 |77 81587 |69 152] 25 75| 08
September . { 79 | 85 | 76 911588 (69| 196| 25 78 | -09
October .| 8 |87 |77 (10| 15| 87 (58| 118 22 ‘81| ‘10
November . | 80 | 87 | 77 | 10 { 16 | 84 {50 95| 15 ‘84110
December . |79 {86 |76 1018 | 81 |45 53 9 88 | 10
Year .| 80 83 | 5:11116°7( 177 | 29-81

Mean highest temperature of year 96

? t Absolute range of temperature . 80°4°
» lowes

Rainfall of wettest year (10 yrs.) 149 8" (1869

annusl range of temperature 26 driest 001 (1871
H{ghest recorded reading (12 yrs.) 964" Ramy daysin wettest ] yes.r (14 yrs )‘206 1882
(1878, 1885) w .  driest , , 158 §1885
Lowest recorded reading (12 yrs.) 66° (1875)
92. Nancowry—Elevation 81 feet
TEMPERATURE. g' g RAINFALL. | BAROMETER.
=]
. M. Range. ©
R E : €
E ] - = o I
J14885 59 5052 | F| |32
Rl=i8 | =
January .18 1}86}77 911375162 29 8 2986 09
February . | 81|87 (78 Q|15 74 (47 13 4 86 | ‘10
March .| 8218978111574 |46 21 5 ‘84|10
April . 183180179110} 17 176153 58 9 80 | 10
ay . .181{88(79 9117 179166| 12°1| 18 77 -09
June . .80 |8 |78 91168278 1277 22 :76 | 08
July . .| 80|86 |77 9116 )82]69] 126 20 77107
August: .| 79186 (77 9116 |82|69] 126| 19| 78|08
September . [ 79 (87 [ 77 1 10{ 16 |81 |6-9| 106| 19 *80 | 09
October .| 7918 |76 10|17 )84 (68| 135| 21 81| 09
November . {79 (86|76 10| 16 | 82 |6'5] 11'8] 18 82 ( 09
December . |79 (86 (76 | 10|15 (79 |58 122! 15 84 ) 09
Year .| 80 79 |61{109°7 | 178 | 20-81

Mean highest temperature of year 94"
72°

o Jowest Absolute range of temperature .

pe) 29-8°
Rainfall 4
Hin aémual Eax(xige of i1:em 8mtux)'39922° of ‘dvx?ltt?t year (18 7.) 1;{1) gn }ﬁsﬁ
ighest recorded reading (10 yrs.)99-5° (1884) | Rainy days in wettest ear (12 227 (1870,
Towest » (12 yr8.)70°2° 21875) days est our ( m) 1874

» ” ” » 165

APPENDIX IT

TABULAR LIsT OF STORMS IN THE BAY oF BENGAL, THEIR PLACE OF ORIGIN, TRACKS, AND RATE OF PROGREsSION
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PLACE OF ORIGIN.

SUBSEQUENT COURSE.

Date. CoasT CROSSING. AUTHORITY,
N. Lat. | E. Long. Direction. Miles per

27th-29th July 1874 . 20°-21° | 88°-89° N. by W. 2-3 Saugor Island Auet.
10th-12th July 1877 . 21° | 90°-91° W. by N, 3-6 Balasore Eliot
20th-22d July 1878 . 18°-19°| 88° W.N.W. to N.W. 43 Ganjam "
13th-15th July 1880 . 21° 89°-90°| , W. to W. by N. 43 Balasore Bay "
2d July 1881 . . 20°-21° | 88°-90° W, 13 False Point ”
12th-16th July 1881 . 21° 90°-91°| W. by N. to N.W. 1-3 Saugor Island »
11th-12th July 1882 . 20°-21° | 89°-90° W. by N. 4-5 False Point .
17tb-19th July 1882 . 20°-21° | 89°-90° N. W, 3 Saugor Island ”
23d July 1882 . . 20°-21° | 89°-90° N.W. 6 Balasore Bay ”

Jul | 80th-31st July 1882 . 19°-20° | 88°-90° W.N.W, 4 False Point )
uly 2d-4th July 1883 20°-21°| 90° N.N.W. 5 Sunderbuns '
6th-7th July 1883 . 21° 88°-89° W.N.W 3 Balasore Bay .

12th-14th July 1883 . 19°-20° | 89°-90° w. 5 Chilka Lake "

26th-27th July 1883 . 21°-22° | 90°-91° W.N.W. 6 Saugor Island ”

8th-10th July 1884 20°-21° 89° W. by N. 3-4 False Point ’y

15th-16th July 1884 . 19°-20° | 88°-89° W.N.W. 8-9 Pooree .

18th-21st July 1884 . 21°-22° | 88°-89° W. by N. 1-2 Balasore Bay v

13th-15th July 1885 . 19°-20° | 88°-90° W.N.W. ) False Point .

22d-24th July 1885 . 21° 89° N.w. 6 Hooghly River s

{17th~18th July 1886 . 20°-21° | 88°-89° W.N.W. 7 Balasore Bay .

( 5th-7th August 1877 . 21° 89°-90° N. 6 Sunderbuns Eliot
13th-15th August 1877 21° 89° N.N.W. 4 ' ’s
18th-20th August 1877 20°-21° | 90°-91° N.N.W. 3 " "
27th~30th August 1877 18°-20° | 89°-90° N.W. 3-4 Balasore ys
1st-3d August 1878 . 19°-20° | 87°-88° W.N.W. T2 Poorec ”
7th-8th August 1879, 21° 88° W. by N. ? Balasore '
18th—21st August 1880 . 21° 89°-90° W. by N. 3 N. of Falsc Point ’

August . |{ 31st July-2d August 1880 . 20° 89° W.N.W. 2 ” »
PLACE oF ORIGIN. 8ussEQUENT COURSE.
Dare. Coast CROSSING, AUTHORITY.
. Mi
N. Lat. | E. Long. Direction. s ber
1st-2d Augnst 1881 . 20°-21° | 88°-90° w. 172 False Poi i
16th-18th August 1881 21° | 89°-90° W.N.W. 131 alse Polu Eliot
18th-19th August 1882 21° 90° W.N.W. 6 ”
224-25th August 1883 18°-19° | 88°-89° W. by N. 34 Ganjam ”
1st-2d August 1884 . 21° | 88°-89° N. by W. ! Saugor Island .
. 15th-16th August 1885 . 21° | 88°-89° W.N.W. ? Balasore Bay .

{11th-18th August 1886 . 16° | 86°-87° N.E. 1-23 Pooree »

( 29th-30th September 1842 16°-18° | 90°-91° W.N.W. ? Piddington
11th September 1872. . 21°-22° | 90°-92° ? ? Chittagong Auct
19th-20th September 1872. 21°-92°|  90° N. by W. ? Sunderbuns "
4th-7th September 1877 . 19°-20° | 87°-89° N.W. 1 False Point Eliot

1 | 18th-14th September 1878. 19°-20° | 90°-91° W. by N. 6-7 Pooree
18th-21at September 1878 . 18° | 89°-90° N.N.W. 2-5 | Mutlah River .
12th-16th September 1879. 21° 90° W. by N. 2-3 Orissa Coast .
21st-24th September 1879 . 19°-20° | 89°-90° W. by N. 3 " .

| | 12th-14th September 1880. 18°-19° |  89° W. by N. 9 Ganjam "
Soptember |{ 2136-22d September 1830 . 20° 88° W.N.W. 5 Balasore ”

-] 10th-12th September 1881. 20° 90° W. by N. 7 False Point ”
6th-8th September 1882 . 19°-20° |  90° W. by N. 4 " ”
14th-16th September 1882. 18° 87° | W.N.W.to NN.W. | 2-4 Chilka Lake .
26th-28th September 1882. 15°-17° | 93°-94° N.W. 5-11 False Point .
6th—8th September 1884 . 19°-20° | 90° W. by N. 4 . »
16th~20th September 1884. 17°-19° | 89°-90° W. by N, 2-5 Vizagapatam .
15th September 1885 . . 21°-92° | 88°-89° W. by N. 1 Balasore i
19th-22d September 1885 . 14°-15° | 92°-93° N.W. 3-15 False Point Pedler
17th-21st September 1886 . 20°-21° | 87°-88° N.N.W 1-2 Balasore Eliot

( 27th-29th September 1886, 16° 90° N.W.to W. 3-14 Vizagapatam "
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DaTE.

PrACE oF ORIGIN.

SUBSEQUENT COURSE.

Coast CrossINg. AUTHORITY,
N. Lat. | E. Long. Direction, Milos per
( 22d-24th October 1842 9°-12° | 90°-91° W.by N 11-12 Pondicherry Piddington
11th-12th October 1848 16°-17°| 90° N. 4-8 False Point »
21st-22d October 1851 16°-18°7| 86°-87° N. 5-6 " .
1st-5th October 1864 . . 13°-14°; 91°-92° N.NW.to N 7-9 Hooghly River Auct.
26th October-1st November 1867 - 8°| 91°-92° N.N.W.to N 7 Mutlah River -
13th-15th October 1874 16°-17° | 89°-90° N.N.W, 7 Balasore Willson
5th-~7th October 1876 . 14°-15° | 93°-94° W.N.W, 8-9 Bimlipatam Eliot
26th October-1st November 1876 10°-12° | 89°-91° N. to N.E. 4-12 Backergunj .
13th-15th October 1878 15°-16° | 82°-84° N.N.W, 5 Cocanada "
27th-30th October 1878 13°-15° | 82°-84° N.NW.toN.W 4-5 " .
10th-14th October 1879 18°-19° | 94°-96° W.N.W. 4-5 Balasore .
25th-27th Qctober 1879 19°-20° | 92°-94° N.byW.to N 10 Chittagong »
12th-14th October 1880 16°-18° | 85°-88° W. and W.R.W 7 Vizagapatam "
2d-5th October 1881 . 16°-18° | 86°-88° N.w. 4 N. of Vizagapatam ”
11th-14th October 1882 13°-14° | 85°-86° N. 11-12 Pooree »
26th-31st October 1882 °~ 9°| 88°-90° N.W, 6-7 Vizagapatam ”
15th-17th October 1884 9°-11° | 82°-8¢4° W. 10 Negapatam "
24th~26th October 1884 15°-16°| 85° N. to N.E. 8-13 Saugor Island "
30th October—1st November 1884 | 17°-19° | 89°_91° N. and N.N.E 7 Chittagong o
L16th-19th October 1886 16° 88°-89° W. by N. 5-6 Cocanada "
29th Nov.-1st Dec, 1845 6°- 7°| 86°-88° W.N.W. 6 Batticaloa Piddington
16th~19th November 1850 . 11°-13° | 93°-95° N.N.W. 6-7 | W. of C. Negrais "
3d-5th November 1877 16°-18°| 90°-92° ! N.N.E. to N. by E. 6 Chittagong Eliot
3d-5th November 1878 13°-15°| 84°-86°| N. by W. to N.N.W. 4 Vizagapatam ”
1st-2d November 1879 . 15°-16° | 96°-98° N. to N. by W. 3-4 Rangoon o
15th~19th November 1879 . 10°-12° | 86°-88° W.N.W. to N.W. 6 Madras ”
19th-21st November 1880 . 8°-10°| 82°-84° W.N.W. 4-5 Negapatam ”
10th~18th November 1881 . 9°-11° | 82°-84° N.W. 6 Madras s
Prace or ORIGIN, BUBSEQUENT COURSE,
Date. CoasT CROSSING. AUTHORITY,
N. Iat. | E. Long. Direction Milesper| -
21st-24th November 1882 . 8°-10° | 88°-90° W.N.W. 8 Sadras Eliot
28th~-30th November 1882, °~11° | 86°-88° W.N.W. 9-12 Cuddalore »
9th-14th November 1883 . 11° 95° N.W. to N. and N.E. 5-11 Akyab ”
27th Nov.—6th Dec. 1883 . 8°-10°| 89°-91°| N.W. to N, & N.N.E. 4-9 Chittagong ”
3d-5th November 1884 11° 8§3°-84° W. by N. 3 Off Cuddalore ”
19th-21st November 1884 . 10°-12° | 84°-88° W.N.W. 8 Madras ”
1st-3d November 1885 . 12°-14° | 83°-85° W.N.W. 10 Pulicat Lake ”
17th-23d November 1885 . 10°-12° | 81°-83° N.N.E. to N.E. 315 Chittagong »
[2d—9th November 1886 10°-11°| 92° | W.by N. to W.N.W. | 18 Madras "
14th-23d November 1886 . 10°-11° 94° N.toN.W.and W. 1-9 Vizagapatam -
4th-7th December 1878 16°-17° | 88°-90° W.N.W. 5 ” ”
1st—6th December 1883 . See Noviember N.W.to N. &« N.N.E 5-12 Chittagong ”
12th-18th December 1884 . 7°- 8° ] 82°-84° N.W. 2-7 Negapatam »
7th-9th December 1886 9° 88° NW.by W 15 Madras ’
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APPENDIX IIT

MEAN, HIGHEST, AND LOWEST RECORDED MONTHLY RAINFALL IN INCHES AT 114 STATIONS IN

INDIA, CEYLON, AND BURMAH

BALUCHISTAN
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APPENDIX IV

DIRECTIONS FOR THE USE OF THE STORM SIGNALS AT PORTS
AROUND THE BAY oF BENGAL, ISSUED BY THE GOVERN-
MENT OF INDIA

1. The storm signals for use at ports around the Bay of
Bengal (excepting at the stations on the Hooghly River) will be
of two kinds for the daytime :—

No. 1. A ball as bad weather signal.
2. A drum as storm signal :
with corresponding lamp signals for night, viz.—
,,» 3. Three lamps suspended on the same line one
above the other (in a vertical series) as bad
weather signal.
., 4. Two lamps similarly suspended as storm signal.

2. The ball or three lamps will be hoisted to indicate that a
cyclone is in existence on the bay without reference to its
position and probable course.

3. The drum or two lamps will be hoisted to indicate that the
storm is probably approaching the port.

4. The ball or three lamps will be hoisted on the receipt of
telegraphic information from the Calcutta Meteorological Office.

5. When the ball or three lamps is hoisted, port officers
- must rely on their own judgment whether the drum or two
lamps should be hoisted or not, and if so, when. If possible,
later information will be telegraphed from the Calcutta Office,
but they must not reckon on receiving such. The indications of
the barometer and of the direction and force of the wind,
together with the general aspect of the weather, must be their
chief guides. Some general memoranda are hereto appended to
assist them in forming a judgment.

»

MEMORANDA ON STORM PROGNOSTICS

1. Cyclones have been known to occur in the Bay of Bengal
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in all months of the year except February, but not between the
middle of January and the last week in March ; and from the
middle of December to the middle of April such cyclones as are
on record have been restricted to the southern half of the bay.

2. Cyclones that reach the west (Indian) coast of the bay,
follow a course between west by north and north-north-west.
On the approach of a cyclone, the wind is generally at first from
north-east. If it strengthens from this direction, becoming more
squally while the barometer falls rapidly, it is probably approach-
ing the port. Butif the wind backs beyond north, the barometer
falling moderhtely, .it is passing to the east, and the centre bears
about east when the wind is about north-west or north-north-
west. If, on the other hand, the wind veers towards east, with
a moderate fall of the barometer, the cyclone has crossed the
coast line to the south of the station by the time the wind is
from -east,

3. Cyclones that reach the Arakan coast follow a course
between north and north-east. On the approach of a cyclone,
the wind is generally from north-east or east-north-east. If it
strengthens from between these directions, becoming more
easterly with a rapidly falling barometer, it is probably approach-
ing the port. But if the wind veers to south-east with a
moderate fall of the barometer, the storm is passing up the bay,
and the centre bears about due west when the wind is at south-
east or south-south-east. If the wind backs to north, with a

gimilar change in the barometer, the storm centre has reached
the coast to the south of the station.

4. Cyclones that reach the coasts of Pegu and Moulmein are
formed in the Andaman sea, and follow a course between north
and north-east. The indications of the wind and barometer may
be interpreted as in the previous paragraph.

5. In judging of the direction of the storm centre, it must be
borne in mind that the winds do not blow round the centre in a
circle, but spirally inwards. When the centre is-still at some
distance, it bears about 12 points to the right, if the observer
faces the wind. As it approaches nearer, it bears about 10
points to the right. '

6. In judging of the fall of the barometer, it must be borne
in mind that the barometer falls regularly about a tenth of an
inch from 9.30 A.M. to 4.30 P.M., and rather less from 10 2.M. to
3.30 o.M, and rises by similar amounts from 4 to 9.30 A.M., and -

from 5 to 10 .M.  These changes, which are regular, must be
allowed for.



APPENDIX V

NOTIFICATIONS OF THE GOVERNMENT OF BENGAL RELATIVE TO
StorM SIGNALS FOR THE PORTS oF BENGAL

The Ath August 1887.—The following arrangements for
weather signals for the approaches to the Port of Caleutta, and
for the port itself, have been sanctioned by the Lientenant-
Governor, and are published for general information, in super-
session of those published in the notification, dated the 5th
August 1882, at pages 678-80 of the Calculta Gazette of the 9th
August 1882 :—

Weather Signals for the approaches to the Port of Caleutta, and for
the Port of Calcutta

1. When a severe cyclonic storm (probably accompanied by
a storm-wave) is believed to be advancing to the Bengal coast
and across Bengal, one or other of the following signals will be
hoisted at the flagstaff near the Lighthouse in Saugor Island, at
the flagstaff near the telegraph office, Mud Point, and at the
flagstaff near the telegraph office, Diamond Harbour, and also at
the following positions in the port, viz. the flagstaff upon the
Port Commissioners’ Office, on a flagstaff at Shalimar Point,
Seebpore, opposite the Government Dockyard, Kidderpore, and
on a flagstaff at the telegraph office, Budge Budge, on receipt of
instructions telegraphed by the Meteorological Reporter to the
Government of Bengal :—

A ball indicates the existence of a cyclonic storm of undeter-
mined intensity and magnitude in the Bay of Bengal, which
will either certainly cross the coast to the south of a line be-
tween Chittagong and False Point, or which may approach the
Bengal coast, but is as yet too far distant to enable its line of
advance to be determined.

A cone indicates the early probable passage northward, to the
eastward of Saugor Island and west of Chittagong, of the vortex
of a cyclonic storm of great intensity and magnitude. It is
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advisable that sailing vessels, with or without steam, and deep-
laden or slow steaming steam-vessels, should not proceed to sea,
but remain in the river till the storm has reached the coast and
passed inland. The wind at the mouth of the Hooghly will
probably haul from north-east through north to north-west, ete.

An inverted cone indicates the early probable passage north-
ward, to the west of Saugor Island and north of False Point, of
the vortex of a cyclonic storm of great intensity and magnitude.
No vessels should go to sea, and masters and pilots of vessels
outward-bound should be guided by the appearance of the
weather and height of the barometer in deciding whether it is
advisable to proceed below Diamond Harbour or Mud Point.
The wind at the mouth of the Hooghly will probably veer from
north-east through east to south-east, ete.

A drum indicates the approach of a cyclonic storm of great
intensity and magnitude to the mouth of the Hooghly, and
which will probably advance to Calcutta. Masters and pilots
in charge of vessels are cautioned not to put to sea from Saugor
Island, or to proceed down from Diamond Harbour, and they
should make their vessels as snug and secure as possible. The
masters of vessels in the port should take the special precautions
for safety laid down in the Port Rules.

There will probably be a storm-wave, but it should be care-
fully remembered that its height and destructive effect will de-
pend quite as much upon the state and character of the tide
when the cyclonic centre reaches the coast, as upon the depression
at the centre, or the intensity and extent of the storm.

2. When a small cyclonic storm (usually not accompanied by
a storm-wave) is believed to have formed in the bay, and to be
advancing towards the coast, one or other of the following signals
will be hoisted, for the information of pilots and mariners, at the

~ staff near the Lighthouse at Saugor Island, at the flagstaff at Mud

Point, and at the flagstaff near the telegraph office, Diamond
Harbour, and also at the following stations in the port, viz. on
a flagstaff upon the Port Commissioners’ Office, on a flagstaff at
Shalimar Point, Seebpore, and on a flagstaff at the telegraph
office, Budge Budge, on the receipt of instructions telegraphed
from the Meteorological Office, Calcutta, by the Meteorological
Reporter to the Government of Bengal :—

Two cones, the upper one inverted, indicate the existence of a

- eyclonic storm of small extent in the Bay of Bengal, which will

probably reach and cross the coast of the bay south of a line
joining Chittagong and False Point. :
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Two cones, the lower one inverted, indicate the existence of a
cyclonic storm of small extent, which will probably or certainly
reach and cross the coast of the bay north of a line joining
Chittagong and False Point, but the probable path of the vortex
of which cannot be determined more exactly from the land
observations.

A ball below a cone indicates the probable passage northwards,
to the east of Saugor Island and west of Chittagong, of a cyclonic
storm of small extent and intensity, of the kind which usually
forms in the rainy season. Vessels may proceed to sea if the
height of the barometer, state of the sea and weather are such
as to lead masters and pilots to infer that there is no danger.
The wind at the mouth of the Hooghly will probably haul from
north-east through north to north-west, ete.

A ball below an inverted cone indicates the probable passage
northwards, to the west of Saugor Island and north of False
Point, of a cyclonic storm of small extent and intensity of the
kind which usually forms in the rainy season. The wind at the
mouth of the Hooghly will probably veer from north-east through
east to south-east, etc. As these easterly winds will raise a
heavy swell and produce a strong westerly set in the channel at
the Sandheads, it is advisable that none but fast stcamers in light
trim should put to sea, and those only if the weather appearances
and state of the sea, etc., are not too unfavourable.

A ball below & drum indicates the approach towards Saugor
roads of a cyclonic vortex of small extent, of the kind which
forms during the rainy season. It is advisable that no vessels
except fast steamers in light trim should put to sea until the
wind direction and force, the state of weather and sea, and the
rise of the barometer, indicate that the storm has either broken
up or passed inland. Cyclonic storms in the Bay of Bengal of
small extent, it should be remembered, sometimes blow with
hurricane force and raise a high sea near their centres.

3. The following storm warning signals will be hoisted during
the prevalence of cyclonic storms in the Bay of Bengal at the
signalling stations on the Hooghly previously mentioned, viz.
Saugor Island, Mud Point, and Diamond Harbour, and at the
following signalling stations in the port, viz. on a flagstaff
upon the Port Commissioners’ Office, on a flagstaff at Shalimar
Point, Seebpore, and on a flagstaff at the telegraph office, Budge
Budge, between sunset and sunrise :—

Three lights exhibited on the flagstaff at equal distances in-
dicate the existence of a cyclonic storm in the north of the bay.
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Two lights, in a vertical line, indicate the early approach of a
eyclonic storm to the Bengal coast, or to the Port of Calcutta if
the signal is hoisted in the port.

The following arrangements for weather signals have been
sanctioned for the Ports of Orissa, viz. Pooree, False Point,
Balasore, and Chandbally by the Lieutenant-Governor, and ar
published for general information :— ‘

Signals for the Orissa Ports.—Storm signals will be hoisted at
the ports named above by the port officers on the receipt of
instructions from the Bengal Meteorological Office, Caleutta, to
give notice to the shipping and the general public at these ports
of the approach of a cyclone (which may or may not, according
to the state of the tides and other conditions, be accompanied by
a destructive storm-wave). The signals for the Port of Pooree
will be hoisted at the flagstaff on the beach; for the Port of
False Point at the flagstaff at Hookeytollah; for the Port of
Balasore at the flagstaff near the Custom House; and for the
Port of Chandbally at the flagstaff near the Custom House.

The following are the signals which will be used at the Orissa
Ports, and are identical with those in use at the Burmah and
Madras Ports : —

4 ball indicates that a cyclone has formed in the centre or
north of the bay, and that it is advancing in some direction
between north and west, and will probably strike and cross the
coast of Orissa.

A drum indicates that a cyclone is in the immediate neigh-
bourhood of the coast of Orissa, and will shortly cross that coast.
(It may or may not be accompanied by a destructive storm-wave.
The height of the storm-wave depends partly upon the extent of
the cyclone, the barometric depression at.the centre, and the
state of the tides at the time when the cyclone reaches the
coast.)

Three lights in a vertical line indicate that a cyclone has formed
in the centre and north of the bay, and that it is advancing in
some direction between north and west, and will probably strike

- and cross the coast of Orissa.

Two lights in a vertical line indicate that a cyclone is in the
immediate neighbourhood of the coast of Orissa, and will shortly
cross that coast. (It may or may not be accompanied by a
destructive storm-wave.)

The following arrangements for weather signals for the Port
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of Chittagong have been sanctioned by the Lieutenant-Governor,
and are published for general information :—

Signals for the Port of Chittagong.—The following storm signals
will be used within the limits of the Port of Chittagong to give
notice to the shipping and general public of the early approach
of a cyclone with its attendant storm-wave. They will be hoisted
on the flagstaff at the Sudder Ghat and on the yardarm of the
flagstaff at Jooldia on the receipt of instructions from the
Meteorological Office :— ‘

A ball indicates that a cyclone, of which the centre is in the
north-east of the bay, is advancing towards the mouth of the
River Karnafuli, and will probably advance towards Chittagong.

A drum indicates that a cyclone, which may or may not be

accompanied by a destructive storm-wave, is approaching Chitta-
gong. (It should be remembered that the force and destructive
effect of a storm-wave will depend very considerably upon the
state of the tides at the time when the storm centre strikes the
Chittagong coast.) :

Three lights in a vertical line indicate that a cyclone, of which
the centre is in the north-east angle of the bay, is advancing
towards the mouth of the river, and will probably advance
towards Chittagong.

Two lights in a vertical line indicate the early approach of a
cyclonic storm to the Port of Chittagong.

INDEX

\

Asv, 10, 18, 73, 74, 268; climate,
117, 296 ; monthly rainfall, 347.
Agra, 18, 78, T4; climate, 144, 308;

monthly rainfall, 345. .

Ajmere, 18, 31,78, 74, 278 ; climate,
139, 305 ; monthly rainfall, 347.

Akola, climate, 166, 322; monthly
rainfall, 361. .

Akyab, 78, 75, 209, 226, 227, 254,
887, 841; climate, 193, 332;
monthly rainfall, 356.

Allshabad, 5, 18, 61, 73, 74, 77, 267 ;
climate, 144, 308 ; monthly rainfall,
346. -

Ambajhari tank, 274, 278,

Amraoti, 10, 78, 75.

Andamans, 209, 219, 245; climate,
196, 836 ; raiufall, 357.

Anticyclones, 44, 197.

Arabian Sea, cyclones, 86, 87, 88, 215,
246 3 storm tracks, 248.

Arakan, rainfall, 68; humidity, 50;
climate, 189 ; storms, 359.

Ashti tank, 274, 277.

Assam, fogs, 56 ; rainfall, 69, 268,

269 ; humidity, 50 ; climate, 157.

BALUCEISTAN, 50 ; see also Quetta.
Baugalore, 18, 81, 73, 75, 272 ; climate,
176, 328 ; monthly rainfall, 354.

Bannu, monthly rainfall, 343.
Bareilly, 9, 31, 267 ; monthly rainfall,
345.

Barometer, teachings, 19 ; annual
fluctuation, 19 ; diurnal fluctuation,
20 ; changes with weather, 20, 21,
197, 236 ; temperature correction,
21 ; reduction to sea level, 28 ; re.
lation to winds, 43 ; in storms, 286.

Barometric charts, 24,

Barometric depressions, 22, 26.

Barometric gradients, 24. -

Barometric surges, 200.

Batticaloa, monthly rainfall, 356.

Bay Islands, 50 ; se¢ also Andamans,
Port Blair, Nancowry.

Bay of Bengal, storms, 225, 337 ;
storm tracks, 228, 337 ; storm sig-
nals, 252, 3858, 360.

Beaufort’s numbers, 33.

Behar, humidity, 503 rainfall, 69 ;
climate, 147. :
Belgaum, 18, 31, 73, 75 ; climate, 174,

326 ; monthly rainfall, 353.

Bellary, 18, 78, 75 ; climate, 175,327 ;
monthly rainfall, 354.

Benares, 31, 73, 74; climate, 144,
309 ; monthly rainfall, 346.

Bengal, cloud, 5 ; humidity, 50 ; rain-
fall, 69, 268, 269 ; climate, 151,

Berar, humidity, 50 ; rainfall, 69, 268 ;
climate, 162. )

Berhampore, 18, 73, 74 ; climate, 156,
815 ; monthly rainfall, 349.

Betal, climate, 165.

Bhagulpors, 73, 74; monthly rainfall,
348.

Bickanir, climate, 138, 304 ; monthly
rainfall, 346.

Bimlipatam, 783, 75, 840,

Bombay, 18, 31, 35, 73, 75,_ 250 ;
climate, 168, 323 ; storm signals,
255 ; daily rainfall, 262; excessive
rainfall, 268, 269, 270; monthly
rainfall, 352.

Bombay coast, storms, 248; storm
signals, 265.

Buldana, 31.

Burdwan, 237, 288 ; climate, 156, 316 ;
monthly rainfall, 348.

Burmah climate, 189.

CACHAR, climate, 157 ; see also Assam.
Caleutta, 8, 5,12, 18, 81, 85, 60, 78, 74,
219, 286, 238, 240 ; climate, 152, 156,
816 ; daily rainfall, 260 ; excessive
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rainfall, 266, 268, 272; monthly
rainfall, 349 ; storm signals, 253, 360.

Cape Colony, 276, 278.

Carnatic, humidity, 50 ; rainfall, 69 ;
climate, 176.

Cawnpore, monthly rainfall, 346,

Central India, humidity, 50; rainfall,
69, 268 ; climate, 144.

Central Provinces, rainfall, 69, 268,
269, 271 ; climate, 162.

Ceylon, humidity, 50; climate, 183;
rainfall, 356.

Chakrata, 9 ; climate, 106, 293,

Chamba, 9.

Cherrapunji, 73, 74, 264, 268, 269, 270.

Chikalda, 10, 268 ; climate, 116, 296.

Chittagong, 18, 73, 74, 209, 339, 340,
341 ; climate, 155, 318 ; monthly
rainfall, 849 ; storm signals, 363.

Chutis Nagpur, humidity, 50 ; rainfall,
69 ; climate, 147.

Chybassa, monthly rainfall, 348.

Cinchons cultivation, 111, 170.

Cirrus cloud, 58, 241 ; movement, 60.

Climates of India, 95; hill stations,
96 ; plains, 126.

Clouds, forms and nomenclature, 56 ;
classification, 58 ; teachings, 59,
241 ; estimation, 61 ; distribution,

5, 62.

Cochin, 18, 73, 75 ; climate, 169, 324 ;
monthly rainfall, 355.

Coimbatore, 10; climate, 182, 330;
monthly rainfall, 355.

Cold season in Punjab, 129 ; in North-
west Provinees, 141 ; in Bengal, 152;
weather, 202.

Colombo, 73, 75; climate, 185, 189,
332 ; monthly rainfall, 356.

Coorg, climate, 170 ; see also Mercara.

Cuddalore, 73, 75.

Cuddapah, 73, 75; monthly rainfall,
355.

Cutch, excessive rainfalls, 268, 269.

Cuttack, 18, 73, 74; climate, 158,
318 ; monthly rainfall, 349.

Cyclones, 44, 84, 197, 209, 219, 223 ;
Bay of Bengal, 225, 337 ; prognos-
tics, 240, 358 ; Arabian Sea, 246;
signals, 252, 358, 360.

Dacca, 18, 78, 74 ; climate, 156, 317 ;
monthly rainfall, 349,

Didu (wind), 36.

Daily rainfall, 75, 259, 265,

Darjiling, 10, 18, 73, 74 ; climate, 108,
294 ; monthly rainfall, 348.

Deesa, 10, 18, 81, 73, 74; climate,
139, 306 ; monthly rainfall, 352.
Dehra, climate, 143, 306 ; excessive
;z;i:fall, 267, 269 ; monthly rainfall,

Delhi, 18, 72, 74, 77, 267, 269;
climate, 132, 301 ; monthly rainfall,
344,

Dera Ishmail Khan, 18, 72, 74 ; climate,
133, 302 ; monthly rainfall, 343,

Dhubri, 10 ; climate, 166, 319; monthly
rainfall, 350.

Dhulia, monthly rainfall, 73, 75, 363.

Diurnal, variation of temperature, 7 ;
barometer, 20 ; winds, 34 ; humidity,
48.

Drainage, proportion to rainfall, 278,

Droughts, 80.

Durbhanga, climate, 149, 313,

Dust-storms, 81.

EvAPORATION in India, 276.
Excessive rainfalls, 77, 265, 272.

FaMINES in North-west Provinces, 141 ;
see also Droughts.

GALLE, 14, 15, 18, 78, 75.

Gangetic plain, climate, 139.

Gauhati, monthly rainfall, 350.

Gog, monthly rainfall, 353.

Gorakhpur, monthly rainfall, 73, 74,
346.

Guzerat, humidity, 50 ; rainfall, 69,

Gyas, climate, 150, 314 ; monthly rain-
fall, 348.

HazARIBAGH, 18, 73, 74 ; climate, 151,
315 ; monthly rainfall, 348.

Haze, 63,

Hill stations, solar intensity, 2; ther-
mometric range, 8, 13 ; climates, 96.

Himalaya, humidity, 50.

Hoshiarpur, monthly rainfall, 344.

Hoshungabad, thermometer range, 10; |

monthly rainfall, 351.

Hot season in Punjab, 127 ; North-
west Provinces, 142 ; Calcutta, 153.

Hot winds, 35, 48, 127, 141.

Hourly rainfalls, excessive, 272.

Humidity, 46 ; dinrnal variation, 48 ;
relation to winds, 49 ; geographical
distribution, §0; annual variation,
51.

Hyderabad (Deccan), humidity, 50 ;
rainfall, 69 ; see alse Secunderabad.

Hyderabad (Sind), rainfall, 72, 74, 266,

Decean, rainfall, 69,271 ; climate, 171.

268, 352 ; climate, 135, 303.

[y
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INCURVATURE of winds in cyclones, 233.

Indore, rainfall, 73, 74, 347 ; climate,
146, 310.

Insolation, 2.

Isobars, 24.

JACOBABAD, 9, 18, 31, 72, 74; climate,
135, 303 ; monthly rainfall, 350,

Jaffna, monthly rainfall, 356.

Jalua, rainfall, 78, 75.

Jalpaiguri, 73, 74.

Jessore, climate, 156, 817.

Jeypore, climate, 139, 305 ; monthly
rainfall, 347.

Jhansi, rainfall, 73, 74, 346 ; climate,
146, 311.

Jodhpur, rainfall, 73, 74, 347.

Jubbulpore, 18, 73, 74 ; climate, 147,
312 ; monthly rainfall, 351.

KalLang, 9.

Kandy, climate, 186,189, 331 ; monthly
rainfall, 356. .

Kangra, monthly rainfall, 342.

Karwar, 73, 74.

Khandesh, humidity, 50 ; rainfall, 69 ;
climate, 171,

Konkan, humidity, 50 ; rainfall, 69 ;
climate, 166,

Kurrachee, 18, 81, 72, 74; climate,
136, 304 ; monthly rainfall, 351.

LADAE, humidity, 50 ; climate, 99.

Lahore, 3, 9, 12,18, 31,72, 74 ; climate,
181, 300; daily rainfall, 261;
monthly rainfall, 343.

Lanauli, monthly rainfall, 352.

Land winds, 49.

Leh, 9, 18, 72, 74 ; climate, 99, 291,

Lucknow, 18, 73, 74 ; climate, 144,
808 ; daily rainfall, 260 ; monthly
rainfall, 345.

* Ludhiana, climate, 132, 300 ; monthly

rainfall, 344.
Mabras, 8, 5, 12, 18, 31, 78, 75, 200.

- Madras, storms, 209, 219, 226, 227,

245, 837, 340, 841, 359 ; climate,
181, 329 ; daily rainfal), 262; exces-
[sive rainfall, 268, 269, 270 ; monthly
rainfall, 355,

Madurs, 18, 73, 75 ; climate, 182, 330;
monthly rainfall, 355.

Mahableshwar, rainfall, 73, 75, 268,
269, 352 ; climate, 118,

Malabar, humidity, 50 ; rainfall, 69;

_ climate, 166.

Malegaon, climate, 174, 325,

Mandalay, climate, 192, 333.

Mangalore, rainfall, 73, 74, 355 ; climate,
169, 323.

Masulipatam, 73, 75, 254; climate,
180, 328 ; monthly rainfall, 354.

Matheran, 73, 75.

Meerut, 18, 73, 74, 267 ; climate, 144,
307 ; monthly rainfall, 345,

Mercara, climate, 170, 324 ; monthly
rainfall, 354.

Mergui, climate, 195, 385.

Midnapore, monthly rainfall, 848,

Mongpoo cinchona garden, climate, 111,

Monsoons, 36. .

Mooltan, 18, 73, 74; climate, 133,
802 ; monthly rainfall, 343,

Moradabad, monthly rainfall, 345,

Morar, monthly rainfall, 347.

Moulmein, 18, 73, 75, 245 ; climate,
195, 335 ; monthly rainfall, 357.

Murree, 3, 9, 18, 72, 74 ; climate, 101,
292 ; monthly rainfall, 342.

Mussoorie, monthly rainfall, 344,

Mysore, humidity, 50 ; rainfall, 69, 354,

NaaPUR, 18, 31, 78, 75, 274, 278 ;
climate, 166, 321; daily rainfall,
261 ; monthly rainfall, 351.

Naini Tal, rainfall, 267, 269, 345.

Nancowry, 196; climate, 196, 336 ;
monthly rainfall, 357.

Neemuch, 18, 73, 74; climate, 146,
810 ; monthly rainfall, 347.

Negapatam, 31, 245, 254, 337, 340, 341.

Nepal, 50.

Nerbudda Valley, 50, 272.

Newara Eliya, climate, 123, 298.

New South Wales, surface drainage, 275.

Nicobar settlements, climate, 196.

Nilgiris, climate, 119.

Northern Circars, humidity, 50 ; rain-
fall, 69.

Nor’-westers, 82, .

North-west Provinces, cloud, 5 ; humi-

" dity, 50 ; rainfall, 69, 267,269, 271;
droughts and famines, 81, 141;
climate, 139.

00TACAMUND, 10 ; climate, 119, 297,
Orissa, humidity, 50; rainfall, 69;
climate, 151. ‘

PacEMARH], 10, 18, 78, 75, 269 ; cli-
mate, 114,295 ; monthly rainfall, 351.

Patna, 18, 31, 73, 74 ; climate, 150,
813 ; monthly rainfall, 347.

Pegu, humidity, 50; rainfall, 69;
climate, 189, 192, '
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Peshgwar, 31, 72, 74; climats, 180,
298 ; monthly rainfall, 342,

Piddington on storms, 2283,

Poons, 18, 31, 78, 76 ; climate, 174,
825 ; monthly rainfall, 853.

Port Blair, 31; climate, 196, 336 ;
monthly rainfall, 857,

Pressure, atmospheric, distribution, 22 ;
relation to winds, 43.

Pressure of wind, 83, 286.

Punjab, cloud, 5; rainfall, 89, 267,
269, 270 ; climate, 126,

Purneah, climate, 150, 814 ; excessive
rainfall, 77, 268 ; monthly rainfall,
848.

Querra, 9, 18, 72, 74; climate, 97,
291 ; monthly rainfall, 342.

RAINFALL, contrasts, 63 ; distribution,
65: tables, 69, 72, 260, 267, 269,
201, 342 ; heaviness, 75, 258, 265,
272 ; variability, 78 ; cyclical varia-
tion, 80 ; relation to drainage, 273 ;
on river basins, 279.

Rainfalls, special daily, 265 ; hourly, 272.

Raipur, climate, 165, 321; monthly
rainfall, 351.

Rajamundry, rainfall, 78, 75, 854.

Rajkot, monthly rainfall, 352,

Rajputana, humidity, 60 ; rainfall, 69 ;
climate, 136 ; excessive rainfall, 268.

Rangoon, 18, 31, 73, 75, 245 ; climate,
194, 334 ; monthly rainfall, 857.

Ranikhet, 9, 267, 269 ; climate, 107,

* '293; monthly reinfall, 345,

Rawalpindi, 18, 72, 74, 204 ; climate,

--181, 299 ; monthly rainfall, 343.

River basins, rainfall, 279.

Roorkee, rainfall, 72, 74, 845 ; climate,

- 107,,293. L

Rules for ,avoiding cyc‘oneg, 241,

g:. %;rlmn’s, 5. , PO ¢
mbalpur, 73, 74., - .
, s;ugo%,--nf,‘g 74 ; climate, 146, 311
- . resuthly ‘fainfall, 850,
Secunderabad, 18, 31, 78, 75; climate,
175, 327 ; monthly rainfall, 353.
Seoni, climate, 166, 320,
Shahpur, monthly rainfall, 848.
Shillong, 10; climate,
monthly rainfall, 350,
Sholapur, 18, 78, 75, 277; climate,
179, 326'; monthly rainfall, $53.
Shoulder of high p; 217.
Shwegyin, monthly rainfall, 357.
Sialkot, 18, 72, 74, 270 ; climate, 131,
299 ; monthly rainfall, 848.

112, 295; |

4

Sibsagar, 18, 73, 74; climate, 181,
810 ; mouthly rainfall, 349,

Sikkim, humidity, 50; see also Dar-
Jjlling,

Silchar, 31, 78, 74 ; climate, 162, 320 ;
monthly rainfall, 850.

fBimla, 9, 18, 72, 74 ; climate, 108,
292 ; monthly rainfall, 342,

8ind, humidity, 50; rainfall, 69;
climate, 183; excessive rainfalls,
266, 268, 269, 273.

Sirsa, climate, 133, 301;
rainfall, 344.

Storms, 81, 202, 208, 211; Bay of
Bengal, 225, 8387 ; Arabian Sea, 246.

Storm centre, bearing, 283.

Storm signals, 262, 358, 360, .

Storm tracks, northern India, 86, 205,
212, 216, 270 ; Bay of Bengal, 209,
228, 337 ; Arsbian Sea, 248,

Summer monsoon, 39, 210.

Sunshine, temperature, 2 ; duration, 4.

Sun thermometer, 1.

Surat, climate, 169, 822; monthly
rainfall, 352.

Surges, barometric, 200.

Sylhet, monthly rainfall, 850,

monthly

TABLES, solar heat, 8; duration of
sunshine, § ; daily range of tempera-
ture, 9; mean extreme temperatures
and ranges, 18; daily wind move-
ment, 81; mean humidity of pro-
vinces, 50 ; rainfall of provinces, 69 ;
rainfall of stations, 72; rainy days,
74; excessive rainfalls, 89, 267 ;
storms, 225, 228, 280, 246, 248,
837 ; daily rainfall, 280; general
climate, 201 ; monthly rainfall, 342.

Ta;;t;, water supply, 273 ; evaporation,

Tanna, monthly rainfall, 852,
Tavoy, monthly rainfall, 357,
Tea cultivation, 110, 143, 149, 168,
188. ~
Temperature in the sun, 2; 4ir, 6;
diurnal variations, 7; changes with
westher, 10; annual varlation and
range, 12, 15 ; general tables, 293,
Tenasserim, humidity, 50; rainfal,
69 ; climate, 189.
Thunder-storms, 81.
Thyet Myo, 18, §
194, 333 ; mo)
Tornadoes, 88.
Tounghoo, 1
324; m

y 194,

Travanco:

climate,

INDEX S

e
\

inopoly, 18, 78
Tr;cgf?%%% 7" monthly rainfall, 885.

75; climats,

Trincomalee, 78, 75 ; climate, 187, 188,

331, .
Tuticorin, monthly rainfall, 356.
UmBaLLa, rainfall, 72, 7 4, 844.

tank, 278, 277.
Yff:il::agmm’, mou;thly rainfall, 364.
NINGS of storms
?V::thar, 197 ; cold season, 202 ;
season, 206; rainy season,
around cyclones, 239,

252, 358, 360.

hot

210;

‘Weather reports, 220.
‘Wellington, 10, 18, 73, 76
122, 297.

N

Bombay, 286.

Winds, 80; daily movement, 31.;
diurpal variation, 84; annual vari-
ation, 86; measurement, 82;
pressure, 83, 286; relations to
barometer, 43 ; in cyclones, 4_4, 2233
relation to humidity, 49; in hot
season, 207 ; incurvature in cyclones,

228.
Wynead, climate, 170,

THE END
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Peshawar, 81, 72, 74; climate, 180,
298 ; monthly rainfall, 342.

Piddington on storms, 228.

Poona, 18, 81, 73, 75 ; climate, 174,
825 ; monthly rainfall, 858.

Port Blair, 81; climate, 196, 336 ;
monthly rainfall, 357,

Pressure, atmospheric, distribution, 22 ;
relation to winds, 48.

Pressure of wind, 33, 286,

Punjab, cloud, 5; rainfall, 69, 267,
269, 270 ; climate, 126,

Purneah, climate, 150, 314 ; excessive
xsnigfall, 77, 268 ; monthly rainfall,
48,

QUETTA, 8, 18, 72, 74; climate, 97,
291 ; monthly rainfall, 342,

RaINFALL, contrasts, 63 ; distribution,
65 : tables, 69, 72, 260, 267, 269,
291, 342 ; heaviness, 75, 258, 265,
272 ; variability, 78 ; cyclical varia-
tion, 80 ; relation to drainage, 273 ;
on river basins, 279.

Rainfalls, special daily, 265 ; hourly, 272.

Raipur, climate, 165, 321; monthly
rainfall, 351.

Rajamundry, rainfall, 78, 75, 354.

Rajkot, monthly rainfall, 352.

Rajputana, humidity, 50 ; rainfall, 69 ;
climate, 136 ; excessive rainfall, 268.

Rangoon, 18, 31, 73, 75, 245 ; climate,
194, 334 ; monthly rainfall, 357.

Ranikbet, 9, 267, 269 ; climate, 107,

" 203 ; monthly rainfall, 345.

Rawalpindi, 18, 72, 74, 204 ; climate,

--131, 299 ; monthly rainfall, 343,

River basins, rainfall, 279.

Roorkee, rainfall, 72, 74, 345 ; climate,

- 107,,203, L

Rules for avoiding cyc*one;, 241.

g;n %;Ilnm’s, 5. « €
pur, 78, 74. ,° .
_ Saugbi-,--ls?‘g J4 ; climate, 146, 311
- .>menthly ‘fainfall, 350.
Secunderabad, 18, 31, 78, 75 ; climate,
175, 327 ; monthly rainfall, 858.
8eoni, climate, 166, 320,
Shahput, monthly rainfall, 348.
Shillong, 10; climate, 112, 295;
monthly rainfall, 350.
Sholapur, 18, 78, 75, 277; climate,
179, 326°; mouthly rainfall, 353.
Shoulder of high pressure, 217.
Shwegyin, monthly rainfall, 357.
Sialkot, 18, 72, 74, 270 ; climate, 131,
209 ; monthly rainfall, 848.

Sibsagar, 18, 73, 74; climate, 161,
819 ; monthly rainfall, 349.

Sikkim, humidity, 50; see also Dar-
Jlling,

Silchar, 81, 78, 74 : climate, 162, 820 ;
monthly rainfall, 350.

 8imla, 9, 18, 72, 74; climate, 103,

292 ; monthly rainfall, 342.

Sind, humidity, 50; rainfall, 69;
climate, 188; excessive rainfalls,
266, 268, 269, 278.

Sirsa, climate, 133, 801; monthly
ruinfall, 344.

Storms, 81, 202, 208, 211; Bay of-

Bengal, 228, 837 ; Arabian Sea, 246.

Storm centre, bearing, 283.

Storm signals, 262, 358, 360. .

Storm tracks, northern India, 86, 205,
212, 216, 270 ; Bay of Bengal, 209,
228, 337 ; Arabian Sea, 248.

Summer mousoon, 39, 210.

Sunshine, temperature, 2 ; duration, 4.

Sun thermometer, 1.

Surat, climate, 169, 322; monthly
rainfall, 352.

Surges, barometric, 200.

Sylhet, monthly rainfall, 350,

TaBLEs, solar heat, 3; duration of
sunshine, 5; daily range of tempera-
ture, 9 ; mean extreme temperatures
and ranges, 18; daily wind move-
ment, 31; mean humidity of pro-
vinces, §0 ; rainfall of provinces, 69 ;
rainfall of stations, 72 ; rainy days,
74; excessive rainfalls, 69, 267;
storms, 225, 228, 280, 246, 248,
837 ; daily rainfall, 260; general
climate, 291 ; monthly rainfall, 342.

Tm;u, water supply, 273 ; evaporation,
276.

Tanna, monthly rainfall, 852,

Tavoy, monthly rainfall, 357.

Tea cultivation, 110, 143, 149, 188,
188,

Temperature in the sun, 2; air, 6;
diurnal variations, 7; changes with
weather, 10; annual variation and
range, 12, 15; general tables, 291.

Tenasserim, humidity, 50; rainfall,
69 ; climate, 189,

Thunder-storms, 81.

Thyet Myo, 18, 81, 78, 75; climate,

194, 338 ; monthly rainfall, 3586.
Tornadoes, 88.
Tounghoo, 18, 78, 75; climate, 194,
824 ; monthly rainfall, 356.
Travancore, climate, 166,

INDEX 369

Trichinopoly, 18, 78, 76; climate,
181, 829 ; monthly rainfall, 355.
Trincomalee, 78, 75 ; climate, 187, 188,

3381.
Tuticorin, monthly rainfall, 356.

UMBALLA, rainfall, 72, 74, 844.

VERAR tank, 278, 277.
Vizianagram, monthly rainfall, 854.

W aARNINGS of storms, 262, 3568, 860.

Woather, 107 ; cold season, 202 ; hot
season, 206; rainy season, 210;
around cyclones, 239,

THE

‘Weather reports, 220,

Wellington, 10, 18, 78, 75; c\ate,
122, 297.

West coast of India, climate,
storms, 246.

Wind pressure, 83 ; at Calcutta
Bombay, 286

}

Winds, 80; daily movement, 81;:

diurnal variation, 84; annual vari-
ation, 86; measurement, 32;
pressure, 383, 286; relations to
barometer, 43 ; in cyclones, 44, 223;
relation to humidity, 48; in hot
season, 207 ; incurvature in cyclones,
228,
Wynaad, climate, 170.
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