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ABSTRACT. In this paper, a study of the watar bal

anco cf the arid zone of India and Pakistan has been

made and on that basis tho arid zone itself has been delimited. Tho limits obtained have been compared with the

limits suggested by different aunthors.

1. Introduction

We, in India and Pakistan, are vitally
concerned with the arid zone problem but so
far no attempt appears to have been made
to study scientifically the extent of the arid
zone, its water balance and the magnitude of
water deficiency in it. One of the factors
responsible for the creation of arid zone is, of
course, low rainfall and many authors have,
during the past years, laid emphasis on this
factor alone. Tt is no doubt true that mostly
areas with low rainfall are found to be arid
and this fact has resulted in the association
of aridity with low rainfall and of arid zones
with areas of low rainfall,

But aridity is not the result of low rainfall
alone.  Aridity signifies a deficiency of mois-
ture and is caused when the rainfall of any
region is unable to meet the requirements of
evaporation from the soil and transpiration
from the plants. The phenomena of evapo-
ration and transpiration are absolutely inde-
pendent of rainfall in so far as the factors
responsible for them are concerned. The
evaporation and transpiration, together called
evapotranspiration, represent a  process
reverse to that of rainfall in the hydrologic
cycle. Rainfall brings the water from the
atmosphere to the surface of the earth while
evaporation is responsible for carrying the
water from the earth’s surface back to the
atmosphere.  Therefore, by considering
rainfall alone, we cannot know whether a

place is arid or not. In any attempt to deter-
mine aridity, the phenomena of evapotrans-
piration must he considered along with rain-
fall.

The water requirement of evapotrans-
piration differs very much from the distri-
bution of rainfall through the year and itself
varies from season to season ; being high in
summer and very low in winter. The rainfall
too, varies from month to month. If the
rainfall is more than the water requirement of
evapotranspiration in any month, the surplus
water runs off through and over the ground.
If the rainfall is less than the water required
for evaporation and transpiration, there is no
surplus and no run-off. The vegetation uses
less water than it would have used if more
water were available and likewise less water
evaporates from the soil. There is a deficiency
of water and the evapotranspiration is limited
to the amount of water available from rain-
fall. If, month after month, there is a de-
ficiency of water, arid conditions may prevail.
How arid a place would be depends upon the
magnitude of water deficiency in relation to
the water requirement of evapotranspiration,

2, The Technique

The water requirement of evapotranspira-
tion mentioned above has been called poten-
tial evapotranspiration by Thornthwaite
(1948). It expresses the amount of water
that would evaporate and transpire if it were
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available. The measurement of potential
evapotranspiration is a difficult fask as it
involves water that would evaporate and
transpire rather than tlat which actually
evaporates and transpires. Thornthwaite
has, however, evolved a method for tlhe de-
termination of potential evapotranspiration
from temperature, for which abundant data
are available. The values of potential eva-
potranspiration obtained by this method are
taken for water need and compared with the
corresponding values of rainfall for each
month. Water budgets for all stations, for
which data are available, are prepared to
determine water deficiency and water surplus
for each month of the year. In the estimation
of water surplus, Thornthwaite allows ten
centimetres for storage in the soil and this is
used before any deficiency appears. For
example, when the rainfall of a month exceeds
water need by 4 centimetres, it would he re-
tained by the soil in storage and there would
be no surplus water. In the succeeding
months, the shortage of rainfall over water
need upto an extent of 4 cm would he met
from storage in soil before any deficiency
0COUTS,

The annual water deficiency and water
surplus obtained in the water budget are ex-
pressed as percentage of the annual water
need to obtain the index of aridity and the
index of humidity respectively. Tn the over-
all moisture index, both the indices are taken;
the index of humidity affecting positively and
the index of aridity affecting negatively,
though the index of aridity is underweighted
by multiplying it with 6/10.  The moisture
index thus obtained clearly expresses the
relation between water need, rainfall, water
surplus and water deficiency. Ou this hagis,
regions with a moisture index of less than
—40 have been defined hy Thornthwaite as
‘arid’ and areas with moisture index bet-
ween —20 and —40 as ‘semi-arid’. On the
basis of the above given method, water
budgets for stations noted in Appendix A
have been prepared and the characteristics
of each of these elements are discussed.
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3. Water need in the arid zone of India and Pakistan

The annnal water need throughout the arid
and semi-arid regions of India and Pakistan
varies from 135 to 160 ¢m over the plains
though it considerably decreases with increase
of elovations. All along the coast of West
Pakistan. the annual water need varies from
140 to 150 em while along the Saurashtra
coast it is still higher. It is 152 cm at Jacoba-
bad. 154 em at Bikaner, 143 cm at Hissar,
141 em at Khushab, 156 ¢m at Badin and
160 em at Deesa. At Kalat (6616 ft), it is
72 em while at Quetta (5490 ft) it is 82 cm.
Along the coast, it is 148 em at Karachi,
15% em at Dwarka and 151 em at Veraval.

In this region, the temperatures are the
lowest during January and February. Conse-
quently water need is low during these
months. For instance, the water need in
January at Jocobabad is only 0:98 em; at
Bikaner 1:31 em; at Hissar 1-16 em; at
Khushab 0-89 ¢m; and 2:02 em at Badin.
In coastal areas, where the temperatures
during winter do not fall very low, the water
need in January is comparatively higher
than the inland stations, e.g., the January
water need at Karachiis 416 em, at Dwarka
5-02 em and at Veraval it is 6-46 cm.

Tn the month of March. the temperatures
shoot up and continue to rise in April and
May. For instance, at Jacobabad, the tem-
perature for February is 17-7°C and it rises
to 24°C in March, to 29:6°C in April and to
35-1°C! in the month of May. The water
need too rises in the same way. Throughout
this region, the temperatures reach a maxi-
mum in May or June and the highest water
need oceurs about the month of June.
aximum water need for a summer month
varies from 20 to 22 em over the Punjab
plains, west Rajasthan and Sind. Along the
coast, the maximum water need varies
aronnd 18 em, e.g., at Khushab it is 21-68
em, at Bikaner 21-32 em and at Hyderabad
20+5% ¢m in the month of June, while at
Karachi it is 18-62 ¢m and at Dwarka 13-40
em.
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The water need for the three summer
months in general varies from 36 to 45 per
cent, of the anvual water need over the plains
and near the coast. The percentage, however,
increases with increase in elevations.

After the hot weather season, the water
need falls though it is still considerable. For
instance, at Jacobabad the water need is
20+3 em in August and 17+ 7 ¢m in September.
The corresponding figures for Bikaner are
19:3 and 17-2 om. At Lyallpur, water need
for August and September iz 19-6 cm
and 16+8 em respectively. There is a steep
fall in water need in the month of November
when the water need falls by 5 to 10 ¢m from
the October water need. For instance, at
Jacobabad the water need falls from 14-2
em in October to 4-9 e¢m in November; at
Barmer it falls from 15-1 ¢m in October to
8+3 em in November and at Hissar from 12-7
om to 4-2 em. Along the coast of West Pakis-
tan, the fall in water need from October to
November is only 4 to 5 cm, e.g., at Karachi,
the fall is 4-2 cm. Along the Saurashtra
coast, the fall is only 2 to 3 cm, eg., at
Veraval the fall from October to November
is 2:5 em.

Water need data for some stations in the

- arid zone of India and along its borders are
given in Table 1.

4, Rainfall in the arid zone of India and Pakistan

The rainfall in the arid zone is obviously
low and in general, it decreases westwards
and inland within the region under considera-
tion. Not only is the annual rainfall small,
it is unevenly distributed through the vear,
apart from being erratic and highly variable,
The rainfall in this region is received in two
distinet seasons when the rainfall is definitely
more than in any other period during the
year. These two seasons are (i) monsoon
season and (#7) the winter season, when
western disturbances provide a small amount
of rainfall which is extremely valuable, as
at that time the water need is quite low.

In general, the rainfall in the monsoon
season constitutes more than 50 per cent of
the annual and at most places it makes up
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60 to 75 per cent of the year’s total. In the
heart of the desert, at Jacobabad, the annual
rainfall is 9-1 em (3-6 inches) and of this
4-64 cm (about 51 per cent) falls in the
months of July and August. At Karachi, out
of an annual total of 19-5 em, the rainfall
in July and August contributes 1208 em
(about 62 per cent). The winter rainfall
derived from western disturbances forms only
a small percentage over most of the region
though iv the extreme west, particularly in
the elevated parts, winter rainfall is very
significant. For instance, at Dera Ismail
Khan, the rainfall of January and February
totals to 2-84 cm (about 12 per cent of the
year’s total) but this is enough to meet the
water need for January and February which
isonly 2-44 em. At Quetta (5490 ft) the winter
rainfall forms the bulk of the annual rainfall,
At Kalat (6616 ft) the rainfall for January
and February is only 6-85 em but this is
enough to ward off any deficiency during the
two succeeding months. Table 2 gives the
annual, winter and monsoon rainfall for
some selected stations.

Here it may be mentioned that the varia-
bility of rainfall in the arid zone is very
great but in the present paper, it has not
been taken into account because the corres-
ponding values for water need have not been
calculated. Unless the two can be compared,
any mention of variability of rainfall would
be out of place in a study like this.

A comparison of the march of rainfall
and water need through the year in the area
under consideration is shown in Fig. 1,

5. Water deficiency in the arid zone of India and
Pakistan

The rainfall is far short of the water need
in all or most months in the year throughout
the arid zone. Nowhere in the arid zone is
there a water deficiency of less than 95 ¢m
In a year except in the elevated regions. Over
the plains and in the central parts of the arid
zone, the annual deficiency of water is above
130 em though over a small region, it exceeds
140 em. Over most parts there is w ter
deficiency in all the twelve months of the
year but in some parts, particularly in the




358 SHYAM SUNDER BHATIA

TABLE 1

Water need (in cm) at selected stations

Summer water nead

Annual (3 months) Maximum Minimum
Station water —_—— —— monthly monthly
need Actual or of need need
annual
Agra 137.80 61.00 4.3 20.80 0.90
Ahmedabad © 172,57 59.81 34.6 20.72 5.44
Ajmer 140.59 59.24 42.1 20.42 1.98
Aligarh 143.09 60.94 42.5 20.76 1.53
Ambala 138.81 61.33 44.1 20.90 1.39
Badin 155.95 60.24 38.6 20.33 2.02
Bahawalpur 143.65 63,46 44.1 21.51 0.91
Bareilly 140.92 H9.41 2.1 20.28 1.88
Barmer 156.23 60,82 38.9 20.76 2.18
Baroda 155.66 56.35 36.2 19.95 4.32
Bhavnagar 163.41 57.71 35.3 20.07 4.65
Bhuj 156.15 57.34 36.7 19.69 3.39
Bikaner 153.88 63.48 41.2 21.32 1.31
Brijnagar 143.17 58.81 41.0 - 20.86 2,67
Dehra Dun 117.55 52.20 44.3 17.99 1.94
Dera Ismail Khan 140.26 63.93 45.5 21.80 0.93
Dwarka 153.50 54.26 35.3 18.40 5.02
Hissar 143.62 2.43 43.4 21.06 1.16
Hyderabad 158.22 61.68 38.9 20.65 2.11
Jacobabad 152.67 64.41 42.1 21.71 0.98
Jaipur 143.05 60.18 2.0 20.52 2.00
Jaisalmer 150.52 2.36 41 .4 21.17 1.96
Jamnagar 152.46 56.60 37.1 19.21 3.60
Jodhpur 150.61 61.21 40.6 20.69 2.25
Karachi 148.10 Hd.7. 36.9 18.62 4.16
Khanpur 148,13 63.61 42.2 21.47 0.91
Khushab 141.88 64.03 45.1 21.68 0.89
Kotah 156.49 61.31 39.1 21.15 2.44
Lahore 132.73 61.80 46.5 21.16 111
Ludhiana 139.87 62.18 44 .4 21.12 1.16
Lyallpur 138.57 63.49 45.8 22.18 0.91
Mainpuri 146.32 61.48 42.0 20.87 1.74
Multan 144.33 64.00 44.3 21.78 0.90
Neemuch 139.82 56.15 40.1 20.10 3.02
Ormara 146.28 56.42 38.5 18.96 3.53
Pasni 141.91 54,86 38.6 18.51 3.53
Rajkot 1556.52 56.18 36.1 19.65 4.18
Rawa.lpimli 122.36 59.16 48.3 20.77 0.97
Sialkot 135.36 62.14 45.9 21.34 1.17
Sikar 142.15 62,19 43.7 21.12 1.67
Veraval 150.01 50.43 33.4 17.16 6.46




_ TABLE 2
Rainfall (in em) in the arid zone

Eleva- Ann- Mon- Winter Maximum
tion  mal s00n rain- monthly
Station rain- rain- fall rainfal!
fall fall Jan-Feb (with
Jul-Aug month)
(ft)
Barmer 10 20-99 21-63 1-16 1338 (Aug)
Bikaner 734 20707 17-62 1°36 9-14(Aug)
Bhuj 343  34-59 23°52 062 16°08(Jul)
Hissar 725 42-57 23°24  2-64 12-37 (Aug)
Jacoba-

bad 186 9-09 4:'64 1-41 2-41(Jul)
Karachi 13 19-50 12-08 2:27 8-12(Jul)
Khushab 612 3852 18'81 4:08  9:90(Jul)
Lahore 702 48-74  26:92 5-10 1384 (Jul)
Las Bela 202 21°27  0-37 2'80 668 (Jul)
Pasni 10 15°61 1-62 853 4'905(Jan)
Quetta 5400  23-92 199 994 5°02(Feb)

elevated regions, there is no deficiency during
one or two winter months. For instance, at
Jacobabad and Bikaner, the annual water
deficiency is 143 and 124 c¢m respectively
and there is deficiency in all months though
varying in magnitude. At Khushab and Sibi
there is an annual deficiency of 103 and 140
cm respectively but there is no deficiency in
the months of January and February.

A study of the march of water deficiency
through the year shows that throughout the
arid zone, peak of deficiency is reached in
the month of May or June preceding the
monsoon. This would be so because the hot
weather season in India lasts from March
to June. The monsoon begins at the end of
the hot season and this generally results in
slight fall in temperatures but the tempera-
tures are still quite high in the rainy season.
Therefore, the water deficiency remains
high from April upto the month of October,
though during the rainy season, it may fall,

The march of water deficiency at Jacoba-
bad, in the heart of the arid zone, and at
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Hissar and Khushab on the borders is given
in Table 3. For comparison, the data for
Delhi and Aligarh, which lie cutside the arid
zone, is also given. In Table 4 some interesting
data on the characteristics of water deficieney
at selected stations is given. The march of
water deficiency through the year is shown
in Fig. 2,

The index of aridity which expresses annual
water deficiency as a percentage of annual
water need, gives a fair picture of the magni-

_tude of aridity. The index of aridity in the

arid zone is, by definition, more than 666
and obviously along the borders, it is nearer
this value while towards the interior of the
arid zone, the index of aridity increases. In
the extreme casé where the annual water
deficiency equals annual water need, the
index of aridity equals 100. In the arid zone
of India and Pakistan, the magnitude of
aridity becomes clear when we note the
aridity index for Jacobabad and Sukkur.
The aridity index is 94 for Jacobabad and
93°9 for Sukkur. These places represent:
the extreme cases within the arid zone and'
the area around Jacobabad and Sukkur is
undoubtedly the heart of the Great Indian
Desert. In fact, in the entire area of central
and southwestern parts of West Pakistan
and along the Indo-Pakistan border in
western Rajasthan, the index of aridity
is more than 80. The indices of aridity for a
number of stations in and around the arid
zone are given in Table 5.

6. Delimitation of the arid zone of India and Pakistan

Different authors have suggested varying
limits of the arid zones in general and it
would be of interest to discuss them briefly
and compare them with the limit obtained
by the present writer on the basis of
Thornthwaite’s concepts. Several authors
who consider rainfall alone, have suggested
the isohyet of 10 inches (25 cm) as the
boundary for arid regions. Miller (1944)
suggests that “rainfall is the most significant
single element in the climate and deserts may
be expected wherever the rainfall is less than
15 inches and generally presumed where it
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TABLE 3
March of water deficiency (in e¢m) at typical stations
Station Jan  Feb Mar Apr May Jun Jul  Auz  Sep Oct Nov  Dee
Jacobabad 04 1-3 8-9 16-6 200 20-8 193 181 173 141 4“8 09
Hissar o 08 63 151 19-2 178 9-9 65 04 11-2 440 06

Khushab

Delhi
Aligarh

04

18+7
16-3 18.8

14-5
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TABLE 4
Water deflciency (in em) in the arid zone

Eleva- Annual No. of Max., Month
Station tion  water months month- with
deficit ~ with ly defi- max.
(ft) defi- ciency defi-
cionoy ciency
Agra 553 70°10 71970 May
Ahmedabad 163 103-97 9 1973 W
Ajmer 1593 785 11 18-79 i
Aligarh 615 64-73 9 19-72 P
Ambala 892 55°11 6 18-62 ¥
Bahawalpur 384 129-36 12 20760 Jun
Bareilly 586 52:09 6 18 535 May
Barmer 10 126-24 12 19-88 #
Baroda 115 236 9 1945 .
Bhavnagar 35 107-31 12 19-03 "
Bhuj 343  121+56 12 19-03 .
Bikaner 734 124'81 12 19-64 ”
Brijnagar 1053 67-19 9  19°97 5
Dehra Dun 2239 18:70 2 14°03 s
Dera Ismail
Khan 570 117-22 10 20016  Jun
Dwarka 37 118-16 12 17°90 May
Hissar 725  101-05 11 1920 »
Hyderabad 06 14026 12 2017 T
Jacobabad 186 143-58 12 20-89 "
Jaipur 1431 82-00 10 19-03 P
Jodhpur 736 114-51 12 1958 ”»
Karachi 13 128-60 12 17-54 -
Khanpur 297 131-68 12 2068 Jun
Khushab 612 10336 10 1876 May
Kotah 843 85-20 9 19-96 -
Lahore 702 83-99 10 18+33 5
Ludhiana 812 63-40 8 10°18 "
Lyallpur 605 108.00 11 19:09 Jun
Mainpuri 516 75.27 10 1958 May
Montgomery 558 11861 11 1990 3
Multan 413 126-43 11 20008 Jun
Neemuch 1626 6949 9 18'60 May
Ormara 15 131'06 10 18'80  Jun
Panjgur 3177 107-86 9 19-39 »»
Pasni 10 126-30 10 17*85 May
Peshawar 1164 9416 8 20040 Jun
Rajkot 432 9254 10 18'38 May
Rawalpindi 1674 34-37 4 1491 Jun
Sialkot 830 54-46 6 17'60 May
Sukkur 221  143-39 12 2080 Jun
Veraval 26 100°60 11 1599 May

361

falls below 10 inches”. Pramanik and others
(1952) have also suggested the isohyet of
10 inches (256 cm) as the boundary for the
arid zone of India and Pakistan.

Koppen was the first to distinguish
desert climates (BW) on the basis of both
rainfall and temperature. According to
Kippen, BW type of climate prevails where
the annual rainfall is equal to or less than
0-44t —8-5/2 where ¢ is the mean tempera-
ture in °F for the year and rainfall is taken
in inches. For regions where the rainfall
maximum oceurs in summer, Koppen's
formula is modified to allow for excess of
evaporation and it becomes 0-44¢—3/2,
On the basis of general formula, BW type
will prevail with less than 11:1 inches of
annual rainfall when mean annual tempera-
ture is T0°F, 13+3 inches with 80°F, 155
inches with 90°F and 177 inches with 100°F,

De’Martonne (1926) employed an index of
aridity to delimit the arid zone.

Index of aridity = P/(T - 10)

where P is mean annual rainfall (mm) and
T is the mean annual temperature in degrees
Centigrade. According to him, indices of less
than 5 characterise deserts, while indices
around 10 delimit the dry steppe types.
Indices increase with increase of rainfall.

According to Thornthwaite, a moisture
index of -less than —40 defines the arid
zone and this limit corresponds to his aridity
index of more than 66+6. This has been taken
as the basis of the present study and moisture
indices for the area under consideration have
been calculated. The isopleth of the moistare
index of —40 has been drawn to delimit
the arid zone of India and Pakistan. The
boundary of the arid zone of India roughly
runs from northwest of Veraval to Jamnagar,
passes east of Rann of Cutch to just west of
Ajmer and Sambhar, a little east of Sikar
and Hissar, onwards to south of Lahore, east
of Khushab and northwestwards to Peshawar.

We may now compare the arid zone
delimited by the present writer with the
limits of different authors noted above.
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Fig. 2. March of water deficiency

Isohyet of 10 inches (25 ¢m), Thornthwaite’s
limits, the arid zone as suggested by Kippen's
climatic types and De’Martonne indices are
shown in Fig. 3.

Firstly, taking the isohyet of 10 inches
(25 cm) as suggested by many authors, parti-
cularly by Pramanik and others (1952), we
find that the arid zone delimited Ly 10
inch isohyet leaves out a large part of west
Rajasthan and the Punjab which decidedly
form part of the arid zone. T'or instance, the
annual water deficiency at Barmer, Bikaner
and Lyallpur each with a rainfall of about
30 em (12 inches) is 126, 125 and 108 em
respectively. The deficiency at these stations
comes to 80:8., 81+1, and 77:8 per cent of
the annual water need respectively. Barmer

and Bikaner have water deficiency in all
the twelve months while Lyallpur is deficient
for eleven months in a year. It is, therefore,
not possible to accept the isohyet of 10 inches
as the boundary of the arid zone of India.

In a similar way, De’Martonne’s aridity
index of 5 for true deserts fails to delimit the
real arid zone of India. His aridity index of
10 for dry steppe comes closer but the aridity
index of about 13 provides an excellent fit
for the arid zone of India delimited according
to Thornthwaite's concepts. De’Martonne’s
aridity indices for a number of stations within
and just outside the arid zone of India are
given in Table 6.

Képpen’s climatic types have been calcu-
lated for a large number of stations in the
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Fig. 3, Delimitation of the zone

area under consideration. It is found that
Koppen's desert type (BW) prevails over
most of the arid zone demarcated according
to Thornthwaite's moisture index of minus
40. The boundary between Koppen’s BW/BS
has an irregular fit with Thornthwaite’s
boundary. Some stations which lie on the
borders of one also happen to be on the border
of the other. An excellent illustration of this
fact is given by a study of the data for five
stations, wiz., Hissar, Sikar, Khushab.
Peshawar and Jamnagar.

Sikar has an annual rainfall of 16-9 inches
and according to Képpen’s formula it falls
in BS type but with a rainfall of 16+5 inches
1t would be classed in BW type and obviously
it lies on the border. According to

Thornthwaite’s method, Sikar has a moisture
index of —41-8 and in this case too, it
lies on the border of the arid zone.

According to Kippen’s formula, Khushab
which gets 15-2 inches of rainfall in a year
falls in BW type. But with a rainfall of 15-3
inches, it would fall in BS type. According
to Thornthwaite’s method, Khushab has a
moisture index of —43-6. Evidently the
station lies on the border of the arid zone.

The annual rainfall at Peshawar is 136
inches and it falls in BW type according to
Koppen’s formula; but with a rainfall of 14-4
inches, it would be classed in BS type. The
moisture index for Peshawar is —43-9,
The station positively lies on the border of
the arid zone.
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TABLE 5

Thornthwaite's aridity and moisture indices for selected stations

Station Annua!
need
(em)

Agra 137+80
Ahmedabad 17257
Ajmor 140-59
Aligarh 143-00
Ambala 13851
Badin 155°95
Bahawa!pur 14365
Barmer 156°23
Baroda 15566
Bhavnagar 16341
Bhuj 156-15
Bikaner 15388
Deosa 15991
Dera Ismail

Khan 140026
Dwarka 15350
Hissar 143-62
Hyderabad 158-22
Jacobabad 15267
Jaipur 14305
Jaisalmor 15052
Jamnagar 152+46
Jodhpur 150+ 61
Karachi 148:10
Khanpur 14813
Kotah 15649
Khushab 141-88
Lahore 132:73
Ludhiana 139-87
Lyallpur 138:57
Mainpuri 14632
Montgomery 14405
Multan 144-34
Neemuch 13982
Ormara 146- 28
Pasni 141-91
Rajkot 15552
Sialkot 135°26
Sikar 142°15

Annual

I[t-ﬁl'il".)r“.'

{cm)

70010
103-97
8785
6473
a5+11
13290
120+ 36
126:24
72:36
107+31
12156
12489

675

117:22
11816
10105
140 26
143°538
8200
13261
105-33
114-51
12860
13168
8520
10336
83-99

6340
10800
75627
118°61
12643
6040
131-06
126°30
9254
5446
09910

Ann

mal

surplus
()

[ 5]
w

Aridity

index
50°1
60-2
624
52
397
83'2
040-0
S0-8
464
656
778

s1-1

Humidity
index

Muisture
index

— 30
— 33

— 38

—22
— 39
— 46
— 45

- 34

Arid or
semi-arid

Semi-arid
Do,
D,
Do,
Do,
Arid
Do.
Do,

Semi-arid
Do
Arid
Doy,

Semi-arid

Arid
Do.
Do.
Do,
Do,
Semi-arid
Arid
Do.
Do,
Do,
Do,
Semi-arid
Arid
Semi-arid
Do.
Arid
Semij-arid
Arid
Do,
Semi-arid
Arid
Semi-arid
Daon
Do.
Arid
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Likewise Jamnagar with an annual rainfall
of 18-6 inches falls in BS type according to
Koppen’s formula. With a rainfall of 15-8 it
would fall in BW. The moisture index for
Jamnagar is ——41-4. The station definitely
lies near the border.

A comparison of Thornthwaite’s moisture
index, De’Martonne’s aridity index, Koppen’s
climatic types and rainfall for some typical
stations is shown in Table 6,

7. Conelusion

From the above discussion, it may bLe
inferred that the arid zone delimited accord-
ing to Thornthwaite’s method gives a
realistic idea of the arid zone of India and
Pakistan. In addition, a study of the water
balance of the region gives an insight to
the magnitude of aridity and deficiency of
moisture at different periods of the year. An
estimate of water deficiency in the arid zone
is a key to the problem of planning for the
reclamation of the desert,

More work is needed to determine the
variability of water deficiency in the arid zone
of India and Palistan. Such an analysis would
bring out the deterioration of the arid condi-
tions, if any, within this arca during the past
sixty to seventy years for which records of
temperature and rainfall are available. There
is a definite need to set up many more stations
for recording temperature, rainfall and parti-
cularly evaporation within the arid zone.
This would not only lead to a better under-
standing of the problems of the arid zone of
India and Pakistan but it may also help in
the refinement of the method itself.

Comparison of moisture indices
De’Martonne’s indices and

TABLE 6

with Kdoppen's types,
rainfall

Thornth-

Station waite’s

moisture type

index

Kép- De'Mar-

pen’s

tonne's
aridity
index

Annual rainfall

(in) (cm)

Aligarh
Bhuj

Bikaner
Deesa

Dwarka

—48

—46

Hissar e
Jacobabad — 56
Jamnagar —41

Jodhpur —43
Khushab —43

— 38
—46

Lahore

Lyallpur
Multan — 52
Pachpadra —d48

Peshawar —d44

Rajkot
Sambhar
Sikar

—33
—39
—42

Sriganga-
nagar

Sukkur

— 40

22.3
9.5
7.9

17.9
9.8

12.1
2.0

13.1

10,0

11.1

14,3
8.9
5.0
7.8

10.5

30.8
13.6

11.4
26.1
13.9

78.4
34.6

29.0
66.4
35.3

16.7
3.6
18.5

14.2
15.2

42.6
9.1
47.1

36.1
38.5

19.2
12.1

7.0
11.2
13.5
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Stations used in the present study

Appendix A

SHYAM SUNDER BHATIA

Station

Agra
Ahmedabad
Ajmer
Aligarh
Ambala

Badin
Bahawalpur
Bannu

Barmer

Baroda

Bhavnagar
Bhuj
Bikaner
Brijnagar

Chaman

Cherat
Dalbandin
Deesa

D.I. Khan
Dohad

Dwarka

Ft. Sandeman
Hissar
Hyderabad

Jacobabad

Jaipur
Jaizalmer
Jamnagar
Jodhpur
Kalat
Karachi

Lat.
(X)

24 38
20 24
30 0

30 55

70 36

7123

72 12
69 48
73 18
76 10

66 28

11 54
64 26
7212
70 50
74 16
O U5
64y 27
75 44
68 25
G820
L
70 57
70 04
73 C1

66 35
46 54

31
384
1204
10

156

1431

G0
736
G616
13

ISS1-10:4)
1596- 1040
I18s1-1040
1932-1940

15046G-1140

1031-1940
1926- 10949
1921-1940
13 1-1940

1933-1040

1SOT1- 10940
1881-1940
1881-1940
1931-1040
1591-1940

180461040
1911-1940
1SS1- 1940
I8=1-1940

1931140

| ESLUR I H1 E 13
191465 1940
19161040
I881-1040

1S81-1940

1881-1910
"
1901-1940
1591-14 10
180461040

1881-19 10

Station

Khanpur
Khushab
Kotah
Lahore

Las Bela

Ludhiana
Lvallpur
Mainpuri
Miranshah

Moutgomery

Multan
Murree
Neemuch
Ormara

Pachpadra

Panjgur
Parachinar
Pu=ni
Pesliawut

T halodi

Quetta
Rajket
Rawalpindi
Sambhar

Ninlkot

Sibi

sikar
Srigangranagar
Sukkur
Veraval

Wana

Lat,
(N)

30 5
31

27

33 ¢
30 3

32

397
18
11

35
14

Long,
(E)

70

-1
(8

-1
=0

-1
W=

66

T

417

31
23
o4
39

Eleva-

tion

ft

207
612
843
702

292

812
605
al6
3026

258

413
7113
1626

15

3177
5673

10
1164

2490

432

1674

830

41l

80

221

4456

Period

1926-1940
1539 1-1940
1001-1940
1881-1940
1931-1940

1881-1940
1916-1940
1896-1940
1932-1940
1801-1940

1881-1940

1881-1940

1881-.1940

1931-1940
*

1911-1940
1901-1940
1911-1940

1881-1940
*

1881-1049

1881-1940

1881-1940
*

1881-194)

1926-1540
*
1034.1940
1026-1910
18911940
1931-1940

* Short period




