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ABSTRACT. Using the climatic data ofabout 250 sta
are classified according to the 1948 scheme of Thornthwaite.

stations, the climates of India and the neighbourhood

The analysis seems to reveal certain features

which no previous classification has shown. Itis found that most sections of India are more arid than indi-
cated by earlier schomes. The thermal efficiency regime of the country is more thn.u.ad.equgte to support
forest t_\;pc of vegetation, limited in maintenance and growth 'Jnl}"by the Bemngl‘dmtnbutmn of rainfall.
Itis felt that a natural vegetation map of the country is very essential for the validity of the scheme to be

verified.

The real purpose of a climatic classification
is to define the climatic types in statistical
terms in which the climate, as a geographic
factor, is to be regarded as having definite and
uniform characteristics (Hare 1951). Since
soil and climax vegetation are known to
reflect faithfully the climatic features of
most regions, modern systems of classifica-
tion base their divisions on the characteris-
tics of natural vegetation. Képpen was the
first to give much thought to the classifica-
tion of climates and his first paper dealing
with his comprehensive scheme appeared
in the year 1900. In a very interesting article
on the problems in the classification of
climates, Thornthwaite (1943) traced the
historical development of the Képpen system
and showed how it is not rational and why
it cannot be applied to the study of regional
climates,

For a detailed analysis of all the climatic
types, it is highly necessary to investigate
the hydrologic balance of the region under
consideration. Since the moisture available
to plants depends not only on the amount of
rainfall but also on the evapotranspiration
losses, the main problem here is one of obtain-
ing an index of precipitation effectiveness,
Precipitation can be measured fairly accu-
rately by means of raingauges but, till today,
there is no satisfactory means of measuring
actual evapotranspiration for it depends not

only on the meteorological characteristics
of the overlying atmosphere but also on the
amount of available moisture, apart from
the fact that it is also influenced by the nature
of the evaporating surface. In view of the
various difficulties involved in the experi-
mental measurement of actual evapotranspi-
ration, Thornthwaite (1948) introduced the
potential evapotranspiration which he defines
as the total amount of water that would
evaporate and transpire if it were always
available for full use. From a series of field
investigations, Thornthwaite showed that
this potential evapotranspiration (abbre-
viated as P.E.) depends primarily on the
climatic properties of the atmosphere and
can, therefore, be determined much more
eagily than the actual evapotranspiration.
There are not, however, many stations in the
world today where measurements of P.E.
are made and in view of the urgent need for
such data in various other fields, attempts
are, at present, being made to estimate this
quantity by empirical methods. From a
careful study of the water-balances of a
number of irrigated valleys in the North
American continent, Thornthwaite derived a
mathematical expression for the computation
of P.E. from a knowledge of the mean
monthly temperature, provided the latitude
of the place is known. The equation in its
original form is not easy to use but with the
help of the nomograms and tables devised
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by Thornthwaite himself, the P.E. can be
computed without any difficulty.

Table 1 shows the data of temperature and
precipitation for thirty selected stations in
India and the vicinity, the computed climatic
parameters for which are presented in other
pages. In all, data for 250 stations in India,
Pakistan, Burma and Cevlon supplied to the
author by Dr. L.A. Ramdas, Deputy Director
General of Observatories of the India
Meteorological Department were used for
this study. Most of the stations had a very
good period of record of meteorological
observations (more than 35 vears) and
those stations for which the period was felt
to be inadequate were entirely deleted from
computational work.

No attempt is here made to reproduce the
computational procedure which was given
in great detail in the above-referred paper of
Thornthwaite. The computed values of mean
monthly potential evapotranspiration for
the 30 stations in the above table are present-
ed in Table 2.

Knowing the P.E. (or water need) as com-
puted abou, it is easy to study the climatic
Cha-[‘d(?ierlhtlurs of any region l:_\ comparing
the same (P.E.) with  precipitation.
Thornthwaite evolved a simple hook-keeping
procedure for the determination of the
numerical values of water surplus and water
deficiency, where precipitation is treated as
income and P.E. as ontgo while the moisture
stored in the soil is a sort of reserve capable
of being drawn as long as it lasts. The maxi-
mum amount of this soil moisture available
for the use of vegetation varies in different
soils but it was shown that for most kinds
of agricultural soils it is equivalent to about
10 centimetres of rainfall. Examples of this
procedure as applied to Sukkur and Colomho
are shown in Table

Due to non-uniform distribution of preci-
pitation through the year. a region may
experience water deficiency in one season
and a surplus in another. Taking these two
moisture parameters into consideration, it is
possible to define an index of precipitation

effectiveness which, accordingto Thornth-
waite, is
100 s — 60d

I, - - O

H

where 7, — the moisture index

anmual water surplus

annual water deficiency and
annual water need (or P.E.)
all expressed in the same units

f,, thus is a ratio and is therefore non-
dimensional. According to the above notation,
positive values of 71, signify moist climates
and negative values dry climates. A classi-
fication of climatic types based on moisture
indices, as developed by Thornthwaite, is
as follows:—

Climatic type

100 and above A Perhumid

80 to 100 B, )

60 to 80 B, LHumil
C

Moisture index

40to 60 B, J

20 to 40 B,
Oto 20 .
—20 to 0 C,
—40 to —20 D
—60 to —40 E Arid

The moisture Index, as defined above,
indicates only how wet or dry a given region
is but cannot tell anything about the
seasonal variation of effective moisture, This
seasonal moisture variation is represented by
the introduction of another symbol; s and s,
are used to indicate respectively moderate
and large variation of moisture when the
dry season occurs in summer and w and w,
are similarly used with the dry season occur-
ring in winter. In those regions where preci-
pitation is consistently above or below water
need throughout the year, there is no water
deficiency or surplus in any season and
the svmbols r and d are used to denote res-
pectively no moisture deficiency in humid
climates and no surplus in generally dry
climates. The various ('lmmtlc suhtvpes
according to this system are given below.

Moist subhumid
Dry subhumid
Semiarid
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Fig. 1. Moisture regime of India and neighbourhood

Moist climates (A, B and C,)

Little or no water deficiency

T

Moderate summer water deficiency s

Moderate winter water deficiency
Large summer water deficiency
Large winter water deficiency

Dry climates (C,, D and E)

Little or no water surplus
Moderate winter water surplus
Moderate summer water surplus
Large winter water surplus
Large summer water surplus

w
By
W,

The computed values of water surplus,
water deficiency and moisture index for the
previous 30 stations are shown in Table 4
along with their climatic types and sub-
types based on their moisture regimes.

Fig. 1 is the map of India and the neigh-
bourhood showing the distribution of climatic
types on the basis of moisture index and the
seasonal variation of effective moisture. As
mentioned earlier, the complete data for all
the stations (about 250) in India, Pakistan,
Burma and Ceylon were used in the prepara-
tion of this map and also the one shown in
Fig. 2. To avoid much complication and to
simplify the discussion, only the major




climatic divisions are presented in the figure,
e.q., all the humid climates, irrespective of
whether they are B,, B,, B;, or B, are
considered only as B climates. Similarly, both
C, and C, are regarded as only the C climates,
i.e., the subhumid type. The symbolic data
were plotted against the station locations on
the map and isolines were drawn separating
different climatic types according to the
familiar method adopted in climatological
work.

The figure shows an interesting pattern of
the moisture regime. The whole of western
India, including a part of the northwest,
is completely arid; adjoining this is a belt
of semiarid climates extending from the
Punjab through the central parts to the
southern tip of peninsular India, divided into
a northern and southern belt by a strip of
subhumid climates running east-west along
the Vindhya region. To the immediate east
of the Western Ghats is a very narrow region
of subhumid climates, merging gradually
into the humid and perhumid types westwards
to the coast. An island of fairly humid cli-
mates in the northern semiarid belt is found
in the Aravalli hills. To the east and north-
east of this extensive dry belt lies a vast
region of subhumid character joining the
same climate of the Vindhya area. TFurther
northeast are the humid and perhumid types
in the Shillong plateau and the high mountains
of Assam and Burma. Humid conditions also
prevail in Nilgiri, Annamalai and Palni hills
in south India and the central mountainous
districts of Ceylon. In the northwestern
coastal section of Ceylon is a small dry
region, existing as an extension of the
semiarid belt of south India. The Eastern
Ghats too have humid climates capable of
supporting forest type of vegetation.

In recent vears, there has been much
concern over the so-called “spreading of the
Rajasthan desert”. There is not enough
climatological evidence to support this view,
but the climatic analysis of the Indian sub-
continent according to various investigators
shows different eastward limits of this well-
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known desert region. Thornthwaite’s new
classification which has been developed on
rational concepts depicts a picture which
appears to be much closer to the actual
conditions than shown bv any other earlier
scheme. Similarly, in south India, the exis-
tence of almost arid conditions in the Central
Deccan is a feature which no previous climatic
map, neither Koppen's nor Thornthwaite’s
first map (1933) has revealed.

India has a strong mal-distribution of
rainfall through the year in the sense that
most of the country receives tremendous
amounts of precipitation during the monsoon
season and the rest of the year is practically
rainless. Accordingly, the region of humid
climates in the southwestern section of
India which receives all its precipitation
water from the summer monsoon has got the
subtype “w”’ indicating that it has moderate
deficiency of water in the winter season.
Similar is the case in the subhumid regions
of central and eastern India in regard to
their seasonal variation of moisture. The
symbol “d” for the belt of arid and semiarid
climates signifies that in no part of the year
have they got any moisture surplus. Only
in the northeastern section of the country is
the subtype “r” found showing adequate
moisture throughout the year. Certain high
peaks in the Western Ghats and Nilgiris too
have no moisture deficit in any season.
Winter water surpluses in India are nowhere
found except in a small portion of the south-
eastern coast of the peninsula and the north-
eastern part of Ceylon, which have a clear
winter maximum of rainfall due to the pre-
dominant influence of the northeast monsoon.
Thus, these regions, belonging as they are,
to the dry subhumid type of climate have the
symbol “s”" in their climatic notation indicat-
ing moderate water surplus in this season, It is
worthy of note that the subhumid climates
are transitory between the humid climates on
one side and arid types on the other and,
therefore, are areas of critical water balance;
measures for supplemental irrigationin them
are highly desirable if not altogether indis-
pensable,
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The P. E., since it is derived from tem-
perature and length of the day, is also an
index of thermal efficiency, expressing plant
growth and development in terms of water
need. The climatic divisions based on thermal
efficiency are analogous to those derived from
moisture index and are represented by the
following symbolic notation—

P.E. (em) Climatic type
¢,
427 o Microthermal
2
570
B,
71-2
B,
85+5
B, r Mesothermal
99.7
B
114-0 i
4% )
128+2
A’y
142-5
Al
156+7
A’y » Megathermal
171-0
A'g
1852
Ay
199-5
A"

-

In the equatorial regions, where the length
of the day is the same throughout the year
with uniform temperature, seasonal variation
of P.E. is small or even negligible. There is
strictly speaking, no summer in these regions
and the total P.E. for any three months will
constitute 25 per cent of the annual total.
On the other hand, at the poles, the growing
season for vegetation is only during the three
summer months and the total P.E. for this
period will therefore be 100 per cent of the
total annual P.E. Thus, as one passes from
the megathermal climates of the equatorial
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regions to the frost climates of the poles, the
concentration of thermal efficiency (P.E.) in
the summer quarter rises gradually from 25
per cent to 100 per cent. Based on this thermal
efficiency accumulation, Thornthwaite sub-
divides the thermal regime of climates as
shown below—

Summer concentration Climatic
of thermal efficiency subtype

%

e
61-6

b’s
56-3

N ¢
51-9

b’-l J
48-0

all -~
44-6

a’y
416

3’3
38:8

a'y
36-3 L

a'y
34:0

a,ﬂ
31-9

a's
29-9

a's J

Table 5 shows the various climatic types
and subtypes of the 30 stations mentioned
before, on the basis of their thermal efficiency
regime.

Fig. 2 is the distribution of climatic types
in India according to thermal efficiency. As,
in the case of the moisture regime, here too
the different subtypes are not discussed in
this paper in order to omit complicated details.
Investigations show that, as far as the broad
classification of vegetation types is concern-
ed, these subtypes, especially in the megather-
mal zone, are not too much of significance;
their importance is only to the regional studies
of climatic types in relation to plant and
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Fig. 2. Temperature regime of India and neighbourhood

forest ecology. Tt is thus seen from the figure
that almost the whole of India has megather-
mal climates and only in the high mountains
of the eastern and northeastern sections of
the country are the mesothermal types found.
For the summer concentration subtype of
climate, the whole of India has the symbol
“a’ signifying that not more than 48 per cent
of the total annual thermal efficiency is
accumulated during the summer season.
Only in western India and the northwest

are tegions where summer concentration
percentages upto 60 are found and are, 1hf Te-
fore, classified as having the symbol

Having thus dealt with the elements of
climatic classification, it is easy to assign a
formula to any given region for its climatic
features. Thus, Bombay has the formula
B,A’;w,a’, meaning that it is (first) humid
and (fourth) megathermal with a large
winter water deficiency and having a tem-
perature efficiency normal to the (seventh)
megathermal type oi climates. Cherrapunji’s
formulais A B,ra’, indicating that it has a
perhumid (qecnml) me:aotherma] climate with
no water deficiency in any season and a
thermal efficiency of the (fourth) megathermal
climates, Madras, whose formula is C,A’;sa’;
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has a dry subhumid (fifth) megathermal type
of climate with moderate summer deficiency
of moisture and having a thermal efficiency
normal to the (sixth) megathermal climates,
Nellore, with the formula DA’.da’, is
semiarid and (fifth) megathermal with no
water surplus in any season of the year and
has a summer concentration of the (seventh)
megathermal climates. In a similar manner
for Sukkur the climatic formula is EA',da’,
indicating that it has an arid (third) megather-
mal climate with no water surplus at all and
a temperature efficiency of the (second)
megathermal type of climates,

Thus, from the mean monthly temperature
and precipitation, the clmatic features of
any place can be determined and a formula
can be worked out, provided its latitude is
known. It has been realised by all climatolo-
gists alike that the natural vegetation of any
place reflects faithfully its climatic features,
Unfortunately, we have till today no natural
vegetation map of India in the real sense.
The Champion map (1936) which is probably
the only vegetation map of India available is
not strictly a natural vegetation map but
only a map of climatic types. Till such a
map becomes available it is hard to ascertain
the validity of one scheme or other of the
existing climatic classifications.
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It is, by no means, claimed that this system
of classification is either final or entirely
rational; it is only an approach toward a
rational classification and can be further
improved or modified. It is almost impossible
to achieve this objective without extensive
measured data of potential evapotranspira-
tion or in other words, the water need in
different parts of the world. With our present
knowledge of the processes of evaporation
and transpiration, it cannot be said with any
degree of certainty whether empirical
formulae could provide a substitute solution
to this problem, in the absence of actual
measured data, There is a strong feeling
among many workers today that a single
formula, however accurate it may be for a
given region, will not be suitable for direct
application to another region, even of the same
country, without proper modification or
alteration. This is one of the many problems
of applied climatology requiring further and
more intensive investigation. In the present
paper, an attempt has been made to under-
stand the various climatic types of India
according to what is today considered to be
most rational system of classification. Indi-
vidual regions need a more detailed study and
analysis of their climatic characteristies for
an assessment of their potentialities for
agricultural and other purposes.

REFERENCES

Champion, H. G.
Hare, F. K.

Koppen, W.
Thornthwaite, C. W,

1936
1951

1900
1933
1943
1948

Indian For. Rec. Silvieulture, 1.

London Kssays in Geography (Harvard
Univ, Press, Cambridge)

Geogr. Z.,6.

Geagr, Rev., 28.

1bid, 83.

Ibid, 88,




V. P. SUBRAHMANYAM

TABLE 1

Normal climatic data temperature ( C) and precipitation

Mar  Apr  May Jun  Jul \ug

Station Jan

Allihabad

Caleutta

Chittagong

Darjeeling

Delhi

Crauhati

Jodhpur

Tarachi

Lahore

Lucknow

Patna

Peshawar

Simla

Srinagar

on i centimetres
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TABLE 1 (conid)

Station Jan  Feb Apr May Jun Jul

Veraval T 2147 21:% 26-1 28-1
() 0:-2 "4 0-0 08

Bangalore Y 99.4 92.7

-8

Bombay

Cnttack

Cuddapah

Madras

Mangalore

Nagpur

Poona

Trivandrum

Ootacamund

Port Blair

Rangoon

Akyab

Mandalay

T=Temperature in °C, P=Trecipitation in centimetres
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TABLE 2

Mean monthly potential evapotranspiration in centimetres

Station Jan i Mur pr May Jun  Jul g Sep ot oy Dee

Annual

Agra ‘Dt ] el 9 195 17 3-6 57 , 149-9
Altshabad 20 36 Il 175 2007 200 74 158 125 40 2.3 1473
Caleutta

Chittagong

Darjecling

Delhi

Craunhati

Jodhpur

Karachi

Lahore
Lucknow 2.0 2-6 99 17-3 20-4 204 19-1 17-5 158 12:2 46 2:2  144.0
Patna o4 36 116 172 10T 104 U85 1T 160 1358 Ged 246 1486
Peshawar 0-9 1-4 43 05 Is-8 21-4 217 198 15-7 88 10 1-2 126-5
Simla 14 1*4  3-4 G4 99 1007 9 90 75 37T 35 1-9 707
Nrinagar 00 0-8 21 50 89 118 42 13-1 87 43 17 04 7l1-2
Veraval 6-5 61 99 13-3 16-6 13-1 16-9 152 140 141 11-6 7.6 1489
Bangalore 82 10-2 151 164 17-3 16-1 140 136 125 12:4 121 83 1564
Bombay 9:0 90 -6 16-1 183 171 164 15-1 4.7 149 12:2 120 169-4
(‘uttack G- 1 97 16-8 183 100 s8-8 179 170 15-8 140 87 541 1690
Cuddapah 10°0 13-4 17-5 185 2002 18:8 18:9 17-3 16-0 154 12:2 8.8  [87.3
Madras 9.3 10-4 14-3 16:6 192 185 183 17-3 16-1 130 7.5 9.8 173.3
Mangalore 13-4 126 135 164 17-5 147 146 14-0 13-6 140 133 13-4  173-0
Nagpur - S TR ) I-4 2007 19-2 16-6 157 14-7 83 68 4-9 153-8
Poona 6:2 -0 4.3 1660 183 158 13-0 11-4 1141 118 7.8 3-9 140-1
Trivandrom 12:5 12:6 145 o 159 o 13-4 13-3 13-6G 136 12:3  12-4 163
i);.];u-:unlltl 4-7 R} -3 71 Th 63 -0 6.0 58 o [ o5 696
Port Blair 1220 112 157 8 154 Hed 146 138 12:7 129 (2.2 12.0  150.9
angoon 10-8 12:3 158 172 17-6 156 157 1531 145 147 132 11-0  179.5
ARl 5.7 60 1227 15-9 174 160 158 15-4 148 14 11 6-8 15240

Mandalay 44 G847 17-0 1993 01800 1803 17-3 15-T 143 8-T 45 1500
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TABLE 3
Item  Jan Feb Mar Apr DMay Jun Jul  Aug Sep Oct  Nov  Dec  Annual
SUKKUR (All values are in centimetres)
P.E. 1-2 2-8 82 16-5 21-0 21-3 21-4 199 176 14-4 6-0 2:-0 152-3
P 0-5 0- 0-6 0-3 0-4 04 0-4 g 01 0-0 0-0 01 6-3
8.0, 00 0.0 00 0:0 00 0.0 0-0 00 00 00 0-0 00
S 0-0 00 00 0-0 0-0 0:0 0-0 0-0 0-0 0-0 0-0 0-0
ALE. 05 0-7 0-6 0-3 0-4 0-4 04 0-1 0.0 0-0 0-1 6-3
W.D. 07 2.1 76 162  20-6  20-9 210 17-5 144 6-0 149 146-0
W.S. 0-0 -0 00 0-0 -0 00 00 00 00 a-0 0-0 0-0
COLOMBO  (All values are in centimetres)
P.E. 13-0  12-1 1453 14:8 156  14:9 15-0 14-8 14-2 14-0 140 12-8 168-7
P 10-1 6-6 11-8 23-0 393 220 13-9 10-2 17-4 348 33-2 142 236-5
S.C. —29 —55 —16 <482 41-8 00 —1-1 —46 +3:2 425 0-0 0-0 0-0
b 71 16 040 82 10:0  10:0 89 43 75 1000 1000  10:0 R7-6
AE. 13:0  12:1 13-4 14-8  15:6  14-9 15-0 148 14-2 140 13-0 12-8 167-6
W.D. 0-0 00 1-1 0-0 00 0-0 0-0 00 0-0 0-0 0:0 0-0 1-1
W.S. 00 00 00 0-0  21:9 7-1 00 00 0-0 183 202 1:4 68:9

Nore: P.E.—Potential evapotranspiration,
A.E.—Actnal evapotranspiration,

S—8oil moisture storage,

P—Precipitation,
W, D.—Water deficiency,

S.C.

’

W.S.—Water surplus

TABLE 4
Annual Annual Annual Moisture Climatic Climtic
Station water need water water index, type subtype
surplus deficiency Ty
(cm) (cm) (em)

Agra 1499 0-0 85:5 — 34-2 D d
Allahabad 147:3 10-8 63-1 — 18-4 <, d
Caleutta 152- 53:2 33-2 + 21:9 B, w
Chittagong 142- 127-4 9-1 -+ 84-4 B, r
Darjeeling 65-1 2384 0-8 {-364-0 A r
Delhi 146-9 0-0 78-2 — 31-9 D d
Gauhati 133-6 450 8-6 + 29:7 B, r
Jodhpur 151-4 0-0 117-1 46-3 E d
Karachi 144-0 0-0 118:7 1 E d
Lahore 136-2 0-0 84-4 — 37-4 D d
Lucknow 1440 13-1 H7-1 — 14-7 Cy d
Patna 1486 22-7 52-9 — 60 C, w
Peshawar 126-5 0 04-2 44-7 E d
Simla 707 8 0-0 +123-0 A r
Srinagar 71-2 -0 235 - 63 Cy w
Veraval 148-9 0-0 368 D d
Bangalore 156-4 0-0 — 26-6 D d
l3ombay 1694 1065 - 356-6 B, Wy
Cuttack 169-0 37-6 + il Cy w
Cuddapah 187-3 00 — 35-8 D d
Madras 172-3 341 — 84 Gy 8
Mangalore 173-0 219-3 +105-2 A Wy
Nagpur 153-8 27-5 6-3 C, w
Poona 140-1 0-0 30-9 D d
Trivandrum 163-6 325 + T7-8 C, w
Ootacamund 696 70-0 0-0 +100-5 A r
PPort. Blair 1699 759 57 1035 A r
Rangoon 173-5 174-0 7 812 B, w
Akyab 152-9 391-9 5 }-244-6 A w
Mandalay 159-9 0-0 — 27-3 D d
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TABLE 5

Annual P E Climatic Summer concen Climatio
type tration snb-type
Agra
Allahabad
("aleutta
Chittagong
Darjeeling
Delhi
Gauhati
Jodhpur
Karachi
Lahore
Lucknow

Patnan

Simla
Srinagar

\ |-\.|\.:..i
Bangalore
Bombay
Cuttack
Cuddapah
\].:1\I-<\
.\l-h:wdﬂl"‘
.\‘t"_‘!"n
IPnoma
I'rivandram
Outacamund
PPart Blan
Rangoon

Akyab

,\r-'ll'|.||:|‘\'




