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1. Introduction

In the Symposium on ‘The Rajputana
Desert’ held in 1952 under the auspices of
the National Institute of Sciences of India,
considerable attention was devoted to a dis-
cussion of the rainfall of Rajputana. Several
references were made to trends in rainfall and
comparison of normals of different periods.
In view of the different views expressed, it
was considered desirable to make a more
critical examination of the rainfall of the area
from the point of view of trends ete. The data
considered in the paper for individual sta-
tions are for the uniform period 1901 to 1950.
This has been done specially to see, if the
analysis of data of uniform periods brings
out features of interest. The data of a few
stations with long term records have also
been examined. Besides the data of individual
stations, a comparison of district averages
and of the sub-divisions, east and west

Rajasthan for different periods has also been
made.

2. Rainfall of Rajasthan

Rajasthan has an area of 131,000 sq. miles.
The average annual rainfall of Rajasthan
based on all available data for the period up
to 1940 is 21 inches. East Rajasthan has an
average of 27 inches and west Rajasthan of
11 inches. 94 per cent of the annual rainfall
of east Rajasthan and 90 per cent of west
Rajasthan are received during the months

June to September. July and August are the
rainiest months and receive nearly the same
amount of rainfall (about 35 per cent of the
annual total). The winter rainfall is very
small.

Table 1 gives the monsoon rainfall de-
partures of east and west Rajasthan for the
years 1875 to 1955. Table 2 gives the average
annual rainfall of 198 raingauge stations of
Rajasthan grouped under districts. The
averages are based on available data for the
period 1901 to 1950. This table includes
standard deviation, coefficient of variability,
extremes of rainfall, differences between 1920
and 1940 normals and differences between
1901 to 1950 averagesand 1901 to 1930 and
1901 to 1940 averages wherever sufficient
data are available. The last column of the
table gives the difference between 1940 and
1920 normals based on all available data,
i.e., normals which have been computed
using all the available length of data for each
station,

Fig. 1 shows the annual rainfall distri-
bution of Rajasthan and Fig. 2 the coeffi-
cient of variability. Rainfall varies from less
than 5 inchesin a small area to the west of
Jaisalmer to more than 30 inches in the area
to the east of a line joining Dungarpur and
Sapotra. Only four stations have an average
of over 40 inches. These are Manohar Thana
(Jhalawar district) 44+4 inches, Kushalgarh
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Fig. 1. Norma! annual rainfall of Rajasthan

(Banswara district) 42+4 inches, Chipabarad
41-11 inches and Chhabra 43-035 inches in
Kotah district. The station Buili has the
lowest annual rainfall (3:5 inches) in Rajas-
than and also of the whole of the Indian
Union. The average is based on records of 21
years. About half of Rajasthan has an annual
rainfall of less than 15 inches. The isohvets of
annual rainfall run practically parallel from
northeast to southwest.

Variability—The coefficient of variability
excepting for two stations in Jhalawar district
(Pirawa and Iklera 27 per cent) is nowhere
less than 30 per cent. Tt is more than 50 per
cent over the western half of Rajasthan. The
variability is a maximum in Jaisalmer
district and adjoining areas where itisover
70 per cent. A few stations have as high stand-
ard deviation as the average vainfall itself.
The coefficient of variability of monsoon
rainfall of east Rajasthan is 28 per cent and
of west Rajasthan 49 per cent. The coeffi-
cient of variability for all the months is given
in Table 3 for these two sub-divisions.

3. Comparison of 1920 and 1940 district normals

The two principal sets of normals of rain-
fall published by the India Meteorological
Department (Mem. India met. Dep., Vol. 23,
Part 7 and Vol. 27, Part 5) are those relating
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Fig. 2. Coefficient of variation (%)

to periods ending 1920 and 1940. Along with
the normals of individual stations, the nor-
mals of districts have also been given in each
case. It must, however, be mentioned that
the grouping of stations under districts
followed the set up prevalent at the time of
the respective publications. This point is of
great importance because normals of any dis-
trict as published in 1920 and 1940 series are
not comparable unless the swme stations have
been wuiilised in working out the district
wormals in both the cases. 1t should also be
remarked that the district normal as defined
in these publications is simply the arith-
metic mean of the normals of current stations
in the district at the time of preparation. The
“listrict normal’ has thus no additional
significance. A few examples are given below
to explain these points.

Examgples

(1) Jaisalmer District
Normals No. of Annual
stations normal
(inches)
1920 3 694
1940 17 567
(1940)—(1920) —1.97
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TABLE 1

Rainfall of Rajasthan — Percentage departure from normal

99

Rajasthan Rajasthan Rajasthan

Year e — Year . Year — -—

Hast West, East West: East Wost
1875 29 2 1902 — 7 -— 26 1929 16 11
1876 18 03 1903 6 — 13 1930 -7 —15
1877 —66 —75 1904 19 — 51 1931 13 32
1878 9 45 1905 —61 — 60 1932 —10 — 3
1879 16 17 1906 0 — 22 1933 48 32
1880 — 5 —16 1907 —26 9 1034 31 30
1881 11 47 1908 54 102 1035 11 — 8
1882 20 2 1909 10 35 1936 — 6 -7
1883 —24 —36 1910 7 1 1937 1 5
1884 23 57 1911 —31 — 66 1938 ~17 —27
1885 16 —33 1912 7 — 7 1939 —30 —56
1886 — 5 8 1913 —44 — 30 1040 — 9 1
1887 36 —38 1014 10 — 2 1941 —33 —17
1888 — 9 — 8 1915 —53 — T4 1942 63 22
1889 28 — 3 1916 39 34 1943 13 19
1890 — 3 —15 1917 98 119 1944 21 82
1801 —15 —-36 1918 —56 — 78 1945 39 31
1802 48 63 1919 27 — 4 1946 34 —14
1893 17 77 1920 —18 — 33 1947 12 - 3
1894 26 18 1921 —12 — 24 1948 ] -—21
1895 —18 -31 1922 8 — 17 1949 —15 —13
1806 —14 —12 1923 15 — 11 1950 16 13
1897 — 2 19 1924 49 — 6 1951 —# —d47
1898 —23 —36 1925 —24 — 32 1052 14 9
1800 —38 —83 1926 26 60 1953 —32 —14
1900 22 10 1927 1 22 1954 —12 - 9
1901 —34 —48 1928 —29 — 1 1955 23
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TABLE 2

Rainfall (inches) of Rajasthan

o i
Station  No.of Mean S.D. C.V. Highest of Towest of | (1901-30) =, | (1901.40) <, | (1940)
years (°%) mean mean | minus | minus minns
(1901-50) I (1901-50) (1920)
JAIPUR District
Jaipur 50 22.04 10-85 47 51-86 226 379 17| —0-47 —0-04 +0-12 4001 +0-07
Chatsa 40 21-00 822 30 4238 202 555 2 t +0-25  +0-03 —0+15 —0-02 | —1-39
Amber 24 25-16  10-78 43 a7-00 227 8-06 30 —0-12
Jamwa
Ramgarh 18 22:67 803 85 3313 146 o4l 28
Bairath 99 22.43 7.6 34 43-21 193 0-20 4l
Kotputli 5 2031 7-70 4% 40-63 200 414 20 4-0:05 4-0-006 | —0:88 —0-11 —0-65
Dausa a0 21-83 §-81 40 31-36 235 531 24 4+0-28 +0-03 —0:35 —0'04 +0-20
Lalsot 50 2402 10-30 41 62-16 249 6-0D 24 +0-06  40-006 —0s00 —0+009 | —0-63
Sambhar 40 19-64 7.08  BG 39-82 0 203 587 27 —0-52  —0:07 —0:26 —0+04 | —0-14
Mozamabad 14 17:65 7.47 42 20-40 187 G600 40
Pawata 14 20-12 .00 40 39-60 107 5-47 42
Sanganer 49  21-84 050 44 HO-67 282 414 19 | 018 40-02 —0-32 —0:03 | —0'18
Chomn 48  20-72 0:01 43 Sb3d 202 317 25 —0+17
Samodh 40 2241 14-19 63 00-88 406 404 22 | —0-63
Bandikui 40 2423 10-23 42 50-52 244 641 20 +0-33 40-03 —0:04 —0-004 | +0:60
Baswa 19 22-78 704 35 37-04 167 10-04 M | |

Sawai

Madhopur 50 34:05 1780 S0 9480 27 T-87 23 | —1:38 =012 | —2:20 —0'19 +1-26
Khandar 21 2827 9-06 32 4336 160 T84 28 | |
Malarna 18 27-80 10-79 39 46-14 1o 673 A |
Gangapur 50 923-86 1187 46 73-6¢ 285 602 27| —1-38 —0-12 —2:20 —0-10 | —1-54
Hinduan 50  26-01 0.06 33 53-T9 207 9-3H 36 —0-35 —0-04 —0:40 —0-04 +0-48
Joda Blim a0 23-10  s-38 36 3997 132 1113 48 1
Mahwa 50 23-67 10-38 47 60-96 260 6.8 30| —0-68 006  +0-19 +0-01 ‘ +0-06
Karauli 50 27-01  0-33 33 alesT  Is6 715 20 | —o-64 —008 | —0:96 —0-10 | —0°23
Muchilpur 49 270l g-00 96 52-3¢ 100 s-lu 20 l —0-29 —0-03 —0-58 —0-06 ‘ +0-28
Mandrael 50 26-60 980 37 47-90 lsu 763 20 +0-32 +0-03 —0:56 —0-08 | —0-26

Sapotra 50 20-10 000 34 62-02 212 688 24| —1-14 —0:11 —0:44 —004 | 41-49
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TABLE 2 (conld)

Station No. of Mean S.D. C.V. Highest :/fi Lowest ?}? (1901-30) 7, | (1901-40) (1940)
years (%) mean mean| minus minus k minus
(1901-50) (1001-57) (1920)
SIKAR District
Sikar 50 17-36 6-51 38 31-80 184 7-06 41| —0:65 —0:10 | —0'57 —0-09 | 40-15
Toda Raisingh 21 24-12 6-35 26 34-16 142 8-27 34
Nimkathana 50 19:75 7+47 38 48-79 247 332 17 | —0+04 —0-005 [ 4007 4001 | +0-40
Sri Madhopur 50 18-79 8-18 43 44-19 235 5-15 27 | —0.17 —0+38 —0+65
BHARATPUR District
Bharatpur 50 26:53 1021 39 54-45 205 8-34 31| 089 4009 | +0:06 40006 | —0-13
Kaman 49 25-50 10-75 42 61-81 242 8-68 34| 40:67 4006 | —0-46 —0-04 | —1:45
Nadhai 43 24-35 8-91 37 45-00 185 0-16 38 —0+20
Biana 50 25-34 0-07 39 5365 212 7-57 30| -++1-10 +40-11 | 4039 40-04 | —0-56
Dholpur 50 28-45 976 34 51-38 181 11:52 40| —0:04 —0-004 | —0:57 —0+06 | —0-95
Bari 46 28:-70 10-54 37 59-46 207 872 30
Rajakhera 40 27-30 874 32 54-04 107 11-70 43| —0-86 —0:10 | —0-42 —0-05 | —0-03
Gauli Sandro 41 24:16 846 35 43-37 180 7-56 31 —0-38
Angai 46  25-46 958 38 51-28 201 8-18 32 +0-03
Baseri 43 25:14 12:08 48 7581 302 5-67 23 +0-24
Sepao 44 27-95 8-80 32 47-48 170 1050 38 +1-13
Sirmuthra 43 206-34 0-19 35 46-25 176 G-18 23 +1-36
Kesarbagh 42 27-48 0-66 35 45-28 165 6-37 23 +0:25
Mania 42 26-27 9-25 35 40-61 180 5-39 21 +0-78
TONK District
Tonk 50 26:27 11:83 45 59-35 226 6-64 25| —1-37 —0-11 | —1:76 —0-14* | 40°10
Nizamat 20 25-65 10-72 42 46:00 183 11-74 46
(Aligarh)
Malpura 50 20-22 749 87 42.56 210 674 33| —0:36 —005 | —0+24 —0+03 | 4009
Niwai 23 2270 9-71 43 4256 187 1-87 8
Uniara 49 25-12 10-01 40 &6-79 226 7-8¢ 31| —0-34 —0-03 | —0-56 —0+06 | 4008
ALWAR District
Alwar 50 25:17  9-71 39 4062 197 7-82 31| +40-34 0-04 | +0-10 +0-01 | —I-20
Kishangarh 40 23-92 896 37 49-95 209 7-34 81| —062 —0-07 | —0-65 —0-07 | +0-68
Mandawar 49 22:53 9-02 40 50-156 223 4-11 18| —o0-99 —0-11 —0-62 —0-07 | 4+0:97
Lachmangarh 49 22-44 9418 41 46-94 209 T-14 32| —1-23 —0-13 | —0-64 —0-07 | +1:19
Tijara 50 23-25 9-05 40 56-54 243 8-70 37| —0-86 —0-10 | —0-26 —0-03 | —0-08
Ramgarh 35 24-50 9-83 40 48-37 197 7-712 81 —0-0

*Significant at 6 per cent level
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TABLE 2 (contd)

Station

No. of
Ycars

Mean

% 9, | (1901 -30)
Highest of Lowest of
mean mean (1901-50)

Nimrana
Govindgarh

Kotkasim

Jhunjhunu
Chirana
Khetri

Nawalgarh

Udaipur
Kherwara
Bhim

Kotra Cantt

Banswara
Garhi
Kushalgarh
Bhungra
Khamera
Danpura
Shergarh
Khandu
Arthuna
Loharia
Sajjangarh
Jagpura
Sallopat

Dungarpur
Sagwara
Dhombole

Nithawa

46
32

32

15-26
16-07
22:06

16-61

J7-85
3827
30-61
33-81

33-47

o
~1

(1901-40)
nunus
(1901-50)

ALWAR District (contd)
53-50 240 9.6 43
50-20 26 737 32
62:43 211 8-82 30 |

JHUNJHUNU District
20-84 196 3-65 24

|
34-68 216 3-75 23

H-00 204 349 16 —0-85

34~

5 200

e
=~

5:-22 31 |
UDAIPUR District
48+ 14 102 11-83 47
443 167 1040 3
42-09 182 5:60 24
62:03 205 10-20 35
BANSWARA  District
62-52 176 8-40 24
61-71 184 16-51 49 |
50-51 190 11:71 28
6346 168 2-28 6

tis-20 178 16-28 43

57-18 158 15-990 44
65-76¢ 193 17-27 &5l

54:00 152 14-74 41

65-32 188 18:05 52
568-80 158 18-60 &0 |
DUNGARPUR District
73-80 246 1u-61 37
50-31 180 10-80 41
abeal 174 1484 40

7200 1400 45

—0-33

—0-17

—0-06 —0+45 —0-08
—-03 —0:35 —0-05

~0-11 —0-82 —0-10

|

Tk

(19440)
minus

(1920)

+0-31

+0-36

—0-2:

—0-11| —1-09 —0:00 | —1-04
—3-20
+1:99

—0-13 | —0-02 —0:08 | +2:05
—3-58
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TABLE 2 (contd)

103

¥ -4 % % | (1901-30) 7. | (1901-40) Tk (1940)
Station No.of Mean 8.D. C.V. Highest of Lowest of | minus minus minus
years % mean mean, (1001-50) (1901-50) (1920)
CHITTOR District
Chittor 9 3970 12-07 30 60-38 152 21-70 55 !
Partabgarh 50 32:64 11-51 35 70-58 216 1489 46| —3-07 —0-27% | —2.90 — 0-19*
Kapasin 9 30-77 12-17 40 60-22 106 17-12 &6
Nimbahara 20 26-60 8-25 31 38-37 144 11-23 42
BHILWARA District
Shahpura 50 25-83 0-60 37 5030 230 757 20| —0-26 -—0-02 —0-39 — 0:04 | 40-62
Gangapur 43 2172 936 43 5855 210 517 24 —1-54
KOTAH District
Kotah 40 31-11 12-06 39 69-96 202 6.-74 22 ‘ —3-33 — 0-28% —1-54 — 013 | 4035
Mangrol 46 31-83 14:26 45 07-93 213 506 19 +0-87
Sangod 45 34-92 13-36 38 65-00 180 13-66 39 +0-73
Sultanpur 43 31-00 14:30 46 6930 224 8.46 27 +0-45
Indargarh 48 3261 14-25 44 67-50 207 0-08 28 +2-27
Mandana 48 33-37 13-61 41 62-84 188 13-31 40 +2:06
Chechat 50 30-74 1075 35 56-50 184 12-43 40| —2.16 — 0-20 | —1-70 — 0-16%| 40-14
Antah 46 31-67 13-77 43 62:82 198 3-68 12 —1-40
Atru 50 38-95 13-77 35 65-24 167 8-05 21 +0:11 - 0-008( +0-090 - 0-007| 41-18
Baran 60 34-79 11-60 33 50-28 170 9-80 28| —1-18 — 0-10 —1-10 — 0:09 [ —0-91
Ttawah 50 29-11 10-68 37 58-53 201 12-12 42| —2.29 — 0-21 —0-88 — 008 | 4+1-15
Shahabad 40 34-54 1119 32 50-96 174 13-02 38| —1-81 — 0:16 | —1:06 — 0:09 | +0-62
Kishenganj 40 37-50 15-43 41 8183 218 1560 42 +0-03
Chipabarad 60 41-11 13-22 32 72-15 176 13-01 32| —2.73 — 021 | —1-71 — 0:13 | 40-46
Chhabra 19 43-05 12-77 30 68:62 159 19-62 46
Bironj 15 39-33 9-02 23 5743 146 22°05 56
BUNDI District
Bundi 50 29-86 11-30 38 60-36 202 12-47 42| —1-60 —0-14 —1-65 —0-14 | —0-10
Hindoli 20 29-70 11-40 38 54:20 183 11-33 38
Patan 20 30-69 1290 42 4994 163 21-00 68

*Bignificant at 5 per cent level
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TABLE 2 (contd)
% % (1801-30) T§ (1901-40) T (1940)
Station No. of Mean S.D. C.V, Highest of Lowest of minus minus minus
years (%) mean mean | (1801-50) | (1901-50) (1920)

JHALAWAR District

Jhalawar 50 837-02 12:73 34 66-86 181 16:35 44 —~3:02 —0-24 | 40:50

Dug 50 37-07 11-16 30 63-14 170 21-17 57 } —3-67 --4)-33‘1‘ —2-08 —0-19* +1-17

Pirawa 15  36-92 9-78 27 5420 147 18:52 50 |

Bakani 50 88-95 12:04 31 60-00 177 16-41 42 | —2:50 —0-21% —1-4  —0-12) 4057

Iklera 50 37-58 10-12 27 57-61 153 18-28 49 —2-07 —0-20 [ —0-81 —0:08 | +1+10

Manohar Thana 50 44+43 14:87 83 80-22 181 16:065 38 | —3-94 —0:26%| —1:60 —0-11 | +2-39

Khanpur 50 38-62 13-10 34 70-26 182 17-20 19 |

Bhavaniganj 40 33-52  14-47 43 69:00 209 14-01 42 i —3-60 —-4!-25‘1 —2-67 —0-12 i +3-21
BIKANER District

Bikaner 50 1196 6-11 51 2046 246 106 | —0-21 —0-03 —0-24 —0-04 | —0-24

Lunkanasar 45 9-19 4&+16 56 2325 362 1-61 18 ‘ —1-34

Gajner 43 9-42 5-17 53 23-26 247 0-0] 0 |

Palana 45 11-22  6-84 61 3883 M6 2837 21 | +0-45

Sirpura 38 10-75 6-35 59 32-30 301 1-20 11 ‘ +0-09
CHURU District

Churu 45 14-48  5-70 30 30-56 213 304 21 | | —0-43

Ratangarh 45 13-92 5-66 41 30-31 218 1:40 10 +1-17

Sajangarh 45 14:65 7-72 53 51-62 352 2:77 19 —0-98

Sardarshahr 45 11-06 6-18 56 42-75 387 283 26 —1-63

Rajgarh 45 1362 616 45 34-67 235 299 22 | —2-10

Taranagar 45 11-87 6-80 A58 35-44 200 0-80 7 —2: 46

Dungargarh 45  10-24  4-99 40 20-88 202 300 28] —0-61

GANGANAGAR District

Sriganganagar 45 09.10 5-24 o8 27-84 306 1:57 17

Karanpur 22 7.42  3-19 43 12:80 174 202 27

Padampur 22 7.77 390 50 17-28 222 2:80 37 ‘

Raisinghnagar 22 8-01 4-41 556 18-44 230 3-30 4] ‘

Anupgarh 45 7-54  4-36 58 19:33 260 0-6l 8 +0-03

Suratgarh 45 8-03 4-03 45 20-02 234 2:51 I8 | —-1-37

Hanumangarh 45 11:36 553 40 2350 207 2:34 21 —0+94

Nohar 45 12-33 554 45 30-71 249 386 31 —2+22

Bhadra 45 16-34 792 49 46:65 285 550 34 +0-33

|
* Significant at 5 per cent lovel
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TABLE 2 (conid)

Station No.of Mean 8.D. C.V. Highest 9, Lowest %, | (1001-30) = (1901-40) T (1940)
years % of of minus E minus minus
mean mean| (1901-50) (1901-50) (1920)

JODHPUR District

Jodhpur 21 11-50 7-46 65 28-83 251 274 24
Jodhpur Obsy. 50 14-34 8-20 58 4235 302 116 8| —0-81 —0:10 | —0-87 —0-11 | 4065
Bilara 49 17-32 9-67 56 47-83 276 1-25 7| +0-71 40-07 | —0-068 —0-006 | —0-97
Phalodi 50 9-28 5-25 o7 25-68 276 1-23 18| —0:34 —0-06 | —0-11 —0-02 | —0-22
Shergarh 50 10-42 5-26 51 3250 312 1-24 12| 40-34 40-06 +0-11 +40-02 +0-07
PALI District

Pali 50 16-19 7-67 47 3719 230 3:10 19| —0:12 —0-01 | —0:32 —0-04 | —0-17
Juitarana 4 1510 7-50 50 44-96 208 205 14| —0-87 —0-11 | —0-14 —0.02 | +0-18
Desuri 50 24-63 10-98 45 60-68 246 728 30| —0-12 —0.01 | —0:52 —0-05 | —0-38
Bali 50 2222 10-42 47 57-10 257 8-30 37| —1-25 —0-12 | —0-87 —0-06 +1:80
Sojat 49 18-98 10:49 55 51.30 270 0 0|—0:26 —002 | —0:15 —0-01 | +0-95
Marwar (Jn.) 30 15-40 11-27 73 49-47 321 0 0 —0-85

JALOR District
Jalor 50 14-29 7-25 51 33-73 236 107 7| —0-59 —0-08 , —0-85 —0-12 | —0-13
Sachor 50 15-00 8-60 57 39-18 261 1-93 13 | —0-01 —0-001 | —0-32 —0-04 | —0-46
Jaswantpura 40 18-77 9-58 57 49-17 262 6-47 34| —0:13 —0-01 | —0-67 —0-07 | —0.91
Bhinmal 22 18+49 807 44 33-06 170 6-84 37

BARMER District
Barmer 5 10-90 678 62 37-01 340 113 10| —0-58 -—0-09 | —0-00 —0-01 | 4004
Sheo G0 8-17 5-91 72 27-90 343 0-41 6| 4045 4008 | +0:27 4005 | —0-09
Siwana 49 1362 7-62 56 40-11 204 284 21| 4040 40-08 | —2:20 —0-30% | 41.46
Gudha 48 10-55 607 57 29-26 277 1-83 17 —1:40
Pachpadra 49 1071 621 88 3182 207 2:25 21| 4022 +0-04 | —0:25 —0-04 | —0-59
Jasol 49 1119 7-67 69 36-74 328 O 014010 +0-01 | —0:03 —0-004 | —0-60
Balotra 21 1115 7-18 64 30-71 275 1-87 17

NAGORE District
Nagore 50 1220 577 47 31756 260 248 20| 40-41 40-07 | 40-10 +0-02 | —0-39
Didwana 50 14:05 7-57 54 49-27 361 1-88 13| 4080 40-11 | 40:21 40-03 | .—0-62
Merta Road 40 1527 625 44 3012 256 254 17 +1-84
Merta City 60 16-49 8-53 52 50-66 307 3-00 18| 4+0-51 +0-08 | 40-28 4.0-03 +0-24
Parabatsar 40 15-18 6-77 45 33-63 222 2.72 18| —0-21 —0:03 | —0-09 —0.01 +1-04
Naws 50 1846 T-71 42 46:238 250 2:88 16| —0:66 —0:090 |—0-79 —0-10 | 41.17

* Significant at 5 per cent level
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TABLE 2 (conid)

mearn

Lowest

SIROHI District

244

231

JAISALMER District

“au
e

HE ¥

206G

301

AJMER-

422
412
373

511

452

407

Station No.of Mean S.D. C.V. Highest
years (%ol
Sirohi 49 22-49 11-31 50 5485
Sheoganj 39 10:58 §-25 42  45-21
Jaisnlmer 50 7-03 4-81 08 22.77
Deavikot 48 600 446 T4 21-00
Bap 490 720 4-96 60 21-33
Fategarh 21 727 395 M 17-63
Lakhan 21 7-756  8-486 111 30-31
Mayajalar 21 6:55 6-13 04 2757
Shahgarh 21 4-58 3-71 S1  14-82
Khuiala 21 4-54 2-87 63 10-77
Tanot 21 414 4-17 101 20:00
Kishengarh 22 4:87 376 77 1470
Buili 291 3-49 1:00 54 7410
Mohangarh 21 5-83 3-61 68 12:73
Nokh 22 6:97 4-64 67 18-27
Dawa 49 4-72 360 76 1784
Ramgarh 40 5-40 4-14 77 22:00
Khaba 40 6-07 421 69 21-81
Lathi 20 5 T) 2-79 49 11-69
Ajmer 50 20-05 S-47 42 M58
Sawar 49  20-57 8-47 41 10-05
Kekri 48 2374 8-86 37 5H0-07
Pisangan 490 16:00 sS-66 HE  45-03
Goela 49 17'50 8:32 47 10-81
Beawar 40 15-26 7-80 43 45-62
Jawaja 47 18-15 902 50 45-69
48 23-00 11-05 48 62-34

Todgarh

479

e

G

51

19

- 60

-4

10

- 8L

mean| (1901-50) (1901-50)
25 | —1:05 —0:00 | —1-41 —0-13 |
32
\
0 i +0-21  40-04 | 40:21 +0-04
0| —0:45 —0-10 ‘ —0:45 —0:10
7| —0-67 —0-13 | 40-25  +0-06
27
o |
0 ‘
0
17
1] {
L1} ‘ J
13 l
., |
30 [
nI +0:30 +40-11 —0:03 —0-01 ‘
4| 4010 4002 -0-01 —0-002 I
0 4040 +0-09 | —0-13 —0-03
14 . '
i I
District
29 | —-86 —0-10 r 0-18  —0-02
34| 4147 4017 | 4057 4007
31 '
20 | 4+0-91 4011 ‘ +0-45  40-05
32| 41-23 4015 l 40-78  +0-09
6| —0-30 —0-04 | 40:06 0008
12| =109 —012 | =079 —0:0
25 ?

{1940)
minus
(1920)

—0-01

=0-13

—0-22
—0:17

+0-34

—0-10
+0-21

40:62

—1-16
—0-12
+0-86

4015
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TABLE 3 Taking the same 3 stations as in 1920, but
, using 1940 normals, the 1940 district normal
i E:f:n a D Cmﬂz,cfmnt is 6-92 inches.
fall variability
) ) (1940),—(1920); = — 002 inch
(inches) (inchas) (inches) (%)

Rajasthan (West)

Jan 0-13 0-29 0-19 223
Feb 0-21 0-32 0:25 152
Mar 0-14 0-22 0-14 157
Apr 0:10 0-17 0-13 170
May 0-28 0-51 0-35 182
Jun 1-13 1-08 0-87 96
Jul 3-43 2-03 1-64 59
Aug 3:93 3-00 2-49 76
Sep 1-44 2-11 1-62 147
Oct 0-17 0-43 0-19 253
Nov 006 020 0-11 333
Dec 0-10 0-18 0-14 180
Jun—Sep 9:93 486 3-63 49
Rajasthan (East)
Jan 0-29 0-31 0-27 107
Feb 0:25 0-38 0-29 152
Mar 0:21 0-34 0-27 162
Apr 0-13 0-30 0-18 231
May 0-39 0-54 0-37 139
Jun 3-07 1-92 1-57 63
Jul 8-94 3:37 2-61 38
Aug 8-45 4-24 3-56 50
Sep 4-13 3-21 2-57 78
Oct 056 0-84 0-53 150
Nov 0-20 0-29 0-19 145
Dec 0-21 0-36 0-27 171
Jun—Sep 2459 6-84 5-40 28
Note (i) Meanrainfall — Based on available

data up to 1940

(%) o (Standard deviation) }Baqe o o ks

(#ii) D (Mean deviation) up 0”144

D.
(iv) Coefficient of variability = x% 100

Mean

The number of stations in 1940 is 14 more
than in 1920.

(#2) Due to the regrouping of stations, a
number of new districts which were not in
the 1920 publication appear in the 1940 pub-
lication, e.g., Pali and Pachpadra are new
districts appearing in the 1940 normals,

(747) Sirohi Distric

Normals No.of  Annual
stations  normal

(inches)

1920 1 21-36
1940 1 30-12
(1940)—(1920) 876

If, however, we took only the station on
which the 1920 district normal is based, the
corresponding 1940 normal is 21-35 inches,
The difference (1940),—( 1920),=—0-01 inch,
Besides the number of stations being 4 in
1940 tables, due to a mistake the 1940 nop-
mal has been worked out taking the hill
station Mount Abu which is against the
standing practice of excluding all stations
above 3500 ft a.sl. except in the case of
Kashmir stations.

It is clear from the above examples that
great caution has to be exercised in compar-
ing district normals as they appear in the

publications from time to time, Any con-.

clusions regarding the variation of rainfall
in time based on such figures is likely to be
misleading.

In Table 4, the 1920 and 1940 district
normals have been compared using the
same district groupings as prevailed in the
1920 series.
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TABLE 4
No. of stations 1940 district (1940)—(1920)  (1940)—(1920) Col. (5)
in 1920 normal caleu- normals using  normals accor- %100
S. District lated using same stations ding to the Col. (4)
No. same stations  as in 1920 published
as in 1020 district
normals
(inch) (inch) (inch)

m (2) (3) (4) (5) (6) (M
1 Jaisalmer 3 6-92 — 0-02 — 1+27 0-3
2 Bikaner 16 11-37 — (-64 — 211 b
3 Alwar 7 22-71 0-22 — 5+56 1
4 Bharatpur 4 25-61 — 0-53 — 054 2
5 Karauli 4 27-36 0-32 — 0:85 1
G Bundi 1 27-92 0-10 — 0-31 4
7 Deoli 1 2959 — 012 — 012 4
8 Kotan 18 35-91 — 070 — 312 2
] Ajmer-Merwara il 20-31 0:08 — 014 0-4

10 Udaipur 2 25-25 — 021 — 3-41 0-8

11 Dungarpur 2 2740 — 0-27 — 0-32 1

12 Banswara 2 3450 -—2-12 — 2-45 6

13 Jodhpur 30 13-53 — 0:07 1-04 0-5

14 Jaipur 23 2138 — 0-19 0-21 0-1

15 Sirohi 2 41-45 — 0-13 8-76 0-3

16 Tonk 1 25-11 0-10 0-10 0-4

17 Shapur 1 25-19 0-62 0-62 2
18 Jhalawar 1 3564 1-17 0-97 3
19 Pratabgarh 1 32-11 0-67 060 2
20 Kushalgarh 1 36-84 1:99 1-499 5
21 Dhoipur 10 26-05 0-19 0-23 0-7

As may be seen from column 5 of Table 4,
the differences except in a very few cases
are less than 1 inch. In the case of 11 out of
21 districts the differences are less than (-25
inch numerically. It is interesting to remark
that 18 of the differences are less than 0°75
inch. As both positive and negative values
occur in west Rajasthan, the sign alone
would not support any decrease or increase
of rainfall even in small amounts. This resuit

is in such striking contrast to what one may

conclude from the values in column 6 of the
table.

In Table b are given the differences between
1940 and 1920 annual normals correspond-
ing to the districts as used in the present
rainfall tables (see also Fig. 3). The present
grouping differs considerably from the 1920
and even 1940 districts,
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This table also shows that the difference in
rainfall between 1940 and 1920 normals of
districts using the same stations in both cases
is small and negligible. In the case of each
district the average has also been added to
give an idea of the order of difference. The
percentage difference is given in the last
column,

The above analysis shows clearly that the
apparent substantial differences between the
1920 and 1940 published normals for some
districts in Rajasthan are ascribable to
differences in the number of stations that
enter the normals and not due to differences
in rainfall incidence in the areas between the
periods.

4, Comparison of 1901 to 1930 and 1901 to 1940
averages with 1901 to 1950 averages of individual
stations

The differences between 30 and 40-year
averages and DO-year average are given
in Table 2 for a number of stations. In
some cases the periods may not be exactly
30/40 years but a few years less.

The following test is employed to find out
if the differences are statistically significant.
% @y vonssuin xn are n observations, we
wish to compare the mean of the first & ob-
servations with the mean of the entire series.

_ 1 B
Let,x;,=‘£23'xr (1-.<__k<ﬂ)
1
- 1 =
#= — X xr (mean of the entire series)

n 1

n n
ns? =2 (xr—2z)? =2 2,2 —n (z)
1

It can be shown (Cramer 1946) that

{— k(n—2) ¥
T n—k—kti?

has Student’s distribution with n—2 degrees
o.f freedom. The test is based on the assump-
tion that the series is normally distributed.
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TABLE 5
District No.of 1040 1940 (3)
as in the stations  minus normal —x 100
present 1920 (4)
rainfall normals
tables
(1 (2) (3) (4) (5)
1. Jaipur 10 —0-:20 21-77 —1
2, Swai Madho-
pur 8 0-19  26-59 0-7
3. Sikar 3 —0-03 1907 —0-2
4. Bharatpur 14 —0-03 2956 —0-1
5. Tonk 3 009 2312 0-4
6. Alwar 8 0-23 22-62 1
7. Jhunjhunu 4 —0-19 1766 —1
8. Udaipur 3 006 24-51 02
9. Banswara 3 —075 35-36 —2
10. Dungarpur 2 —0-77 27-40 —3
11. Chittor .No station with 1920 normal
12. Bhilwara 2 —0-46 2463 —2
13. Kotah 14 0-57  32-50 2
14. Bundi 1 —010 27:-92 —0.4
15. Jhalawar 7 1-36  36-97 4
16, Bikaner 4, —0:26 1049 —3
17. Chura 7 —1:01 12-30 —8
18. Ganganagar 5 —0-83 10-91 —s8
19. Jodhpur 4 —0-12 12:65 —1
20. Pali 6 0-27 18-19 1
21, Jalor 3 —0-50 1592 —3
22, Barmer 6 —0-20 107 —2
23. Nagore 7 0-45 15-80 3
24, Sirohi 2 —0-07 19-83 —0-4
25. Jaisalmer 6 —o0-23 6-04 —4
26. Ajmer-
Merwar 8 001  20-07 0-05
140
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Fig. 8. Differences between 1940 and 1920 normals of Districts

Writing 1 in terms of ¢,
T =t [(n—k)/k (n—24 13)]}

Values of 1% corresponding to b per cent and
1 per cent values of ¢ are as follows
n = B0 ; number of degrees of freedom:
n— 2=48.

k k k
10 30 40
5%, -59 -23 ‘14
Tk
19, T4 -29 18

Calculated values of 7 should exceed these
for significance. 7 calculated in this man-
ner is entered in Table 2 for a large number
of stations. Those which are significant at
b per cent are indicated by an asterisk. It
will be seen that in the large number of
cases considered, only a very few differences
are found to be significant.

This analysis indicates that considering
Rajasthan as a whole, there has been no
significant change in the normals during the
fifty-year period, 1901 to 1950.

5, Trend

Linear regression equations have been
fitted to the data of one or two stations in
each district. Only those stations which have
records extending to over 45 years have been
considered. The linear equation fitted is

R = by -+ constant,

where R = rainfall, y = year and b = regre-
ssion coefficient, The regression coefficients b
have been tested by F-test for significance.
Values of b and F for about 50 stations are
aiven in Table 6. Those which are significant
at 5 per cent level are indicated by an
asterisk. Linear regression equations have
also been fitted to the data of seven stations
which have records for long periods,
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TABLE 8
Rajasthan—Rainfall
Coefficient of Linear Trend and F

* Significant at 5 per cent level

Station No.of  Regression F Station No. of Regression F
years coefficient: years coeflicient
Sawai Madhopur b0 ++39324 2+0598 Churu 45 4+ -03622 +3009
(Gangapur 50 -+ 15018 1-6876 Ratangarh 45 -+ 12262 3-7835
Jaipur (Obsy.) 50 + + 04628 - 2266 Sriganganagar 45 — 00046 0001
Kotputti 50 —-02134 0787 Anupgarh 45 —-01926 - 1463
Chechat 50 -+ +20790 4-1531* Jodhpur 50 <+ +04876 3611
Atroo 50 —+00672 +0024 Phalodi 50 + 00524 -0102
Shahapura 50 + 09704 1:0446 Pali 50 +-02962 -1631
Gungapur 43 -+ 05329 -2101 Desuri &80 + 06072 3187
Jhunjhunu 50 -+ 05208 0465 Jalor 50 -+ - 06788 <0111
Khetria 50 + - 06076 <7874 Sachor 50 +-01124 0174
Alwar 50 —+ 06450 <4bo4 Ajmer 50 -++00172 1-2449
Tijara 50 + 02092 0646 Sawai 36 —-156626 1-3380
Tonk 50 -+ -20894 34105 Barmer 50 -+ 05444 - 6284
Malpura 50 -+ - 05444 *b454 Sheo 50 —-01736 -0980
Bharatpur 50 —04414 + 1964 Sirohi 48 -+ - 15890 1-9795
Biana 50 —- 06398 -4246 Shaoganj 39 +-10316 -9318
Sikar 50 -+ + 08418 1-7719 Bap 49 -+ - 00804 0252
Nimkathana 50 + +02058 0776 Ramgarh 49 —- 01298 <0047
Bundi 50 + 15558 1-9990 Dungarpur 50 + 18098 2.6536
Jhalawar 50 -+ + 35264 1:-8509 Nagam 50 —- (2558 2011
Dug 50 -} - 34860 2-1839 Didwana 50 —- 03872 2679
Bikaner 50 + 01946 -1036 Partabgarh 50 -+ +38108 14-5846%
Station No. of Mean 8.D. Coefficient of Regression F
years variability Coefficient
(%)
A ]
Phalodi 66 1434 718 52 —+0215 866
Nagaur 66 8§90 48 56 —+0087 -078
Madawa 53 2065 88 43 —- 00565 <0048
Nawa 60 8:21 6'6 67 —+ 0487 1-4502
Sikar 64 1753 67 . 38 +-0223 2374
Jhunjhunu 74 19-86 73 37 -+ 0020 +0026
Partabsar 60 17-60 79 46 -+ - 1447 6-561%*
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Excepting for a very small number of
stations, the regression coefficients are not
statistically significant.

This analysis also supports the results of
Section 4,

6. Rainfall of east and west Rajasthan subdivisions

We have considered in the earlier Sections
comparison of normals of districts and of
individual stations and also examined for
trend data of a number of stations, We will
now examine for trend and also test if the
differences in the means of decades and other
periods of east and west Rajasthan divisions
are statistically significant. The series con-
sidered for this analysis are the actual values
of rainfall expressed as percentage of the
normal, from 1875 to 1955. Percentage de-
partures from normal are given in Table 1.

(i) Normality of Rainfall

The normality of the distribution of per-
centage departures of rainfall siven in this
table for the east and west Rajasthan
subdivisions separately have heen tested
by caleulating Fisher’s g, and g, together
with their standard errors. The resulis are
shown below—

East West
Rajasthan Rajasthan
A <02 4--27 +16 427
Ja 64 453 -90 4--53

It is seen from the above that all the values
of g, and g, being less than twice their stand-
ard errors, there is no significant departure
from normality in the distribution of de-
partures of rainfall in Rajasthan,

(18) Testing for the homogeneily of variances

Decade-wise frequency distributions of
the rainfall are shown in Tables 7 and 8.

We will now test for the homogeneity of
the decade variances. If 8,2 5,2.. 8.2 are
the estimated variances each with » degrees
of freedom, then the statistics required to be
calculated is —

RAO
k g2 [
M=gkloge ¥ 2 —p X loge 82
1 " 1

M is distributed as v with (2—1) degrees of
freedom, The values of M for east and west
Rajasthan were found to be 9.7 and 11-7
respectively which are evidently not signi-
ficant at 5 per cent when compared with the
vilues given in Table 32 (Biowetrika Tables).

(7i7) ('”rﬂ]ifu';x"f' fff means and variances

r:f rlrn:ﬁ‘s'n‘f'm’ -‘;)r-r."mf._s
Euast Rejasthan

The decade with the highest mean 1159 is
1O4L to 1950, Comparing it with the mean
for 1901 to 1950 and applying the test indi-
cated in Section 4,

=153 with 78 degrees of [reedon.
This is not significant at even 5 per cent level.
Having selected the highest difference for
testing significance the appropriate test to he
applied is the one corresponding to the dis-
tribution of the maximum. But / is not signi-
ficant even with the ordinary test. None of the
decade means differs significantly from the
mean for the entire period.

West Rajasthan

() The decade with the highest mean 116
is 1926 to 1935. The decade 1896 to 1905
has the lowest mean 83,  Comparing these
decade means with the mean for the period
1875 to 1955 and applying the test of Section
I we find,

(i) 1926
(i) 1896

1935 t = 1656
1905 t=1-b

Neither of these is significant even at 5 per
cent level of significance.

(1) The difference between the means of
rainfall of west. Rajasthan for the two periods,
1875 to 1924 () and 1925 to 1946 (xy), is
Iy —&;—1+27 inches. Applying the usual
t-test for comparison of the two means we
have the following—

1924 5.2
(—1) 82 = 2 (an—m)
n— 1875
= 1392-9 ( 7y = b0)
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1046 . "'571
(ng—1) 5,2 = Y (zn —x9)? o= 2 3 X
n — 1925 N 1t - n2 -
[ E(tn—2 )P+ 2 (2a —‘ma)a]
1

1

— 2403 (ny = 22)

@, = Rainfall in year n ny ng (ng + 19 —2) 3 — 1:002
fy - Ng
§2=28'43;  s2/n, = 05686 This is not significant at 5 per cent le‘vel of
significance. The difference in means 1s not
=052 significant.

8,2 =11"44;  s,ny

TABLE 7 :

Frequency distributions of actual monsoon rainfall expressed as percentage of normal
according to decades from 1881

East Rajasthan

Actual rainfall 1875~ 1881- 1801- 1001- 1011- 1921- 1931- 1941- 1951- Total
expressed as 9%, 1880 1890 1900 1010 1920 1930 1940 1950 1956 1875-19566
of normal

31- 40
41- 50
51- 60
61- 70
71- 80
81-90
91-100
101-110
111-120
121-130
131-140
141-150
1651-160
161-170
171-180
181-190
191-200
Mean 109-¢
Highest 134 148 154 108 140 148 139 198
Lowest 41 62 39 44 71 70 67 34
Range 03 86 115 154 78 78 06 164

Variance 863-84
8.D. 29-6
Range/3.D. 5-54
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TABLE 8

Frequeney distributions of actual monsoon rainfall expressed as percentage of normal
aceording to decades from 1881

West Rajasthan

Actual rainfall 1875-  1881- 1801—  1901=  1911- 1921- 1931 1941- 1951-  'Total
expressed as 9, 1880 1890 1900 1910 1920 1930 1940 1050 1955 1878-1965
of normal
1- 20 1 1

21- 40 1 1 3 1

41- 60 2 1 1 1

61- 80 3 3 2 2 2 1 1 14
81-100 1 3 1 | 3 ] 3 4 2 23
101-120 2 2 3 2 | 2 2 1 15
121-140 1 I 1 3 2 1 9
141-160 1 2 1 4
161-180 2 2
181-200 1 1 2
201-220 1 1 2
Mean (1004) 11-0 —-2-1  —1-1 —7-3 —12:8 —1-3 —0'1 9-0 —15-3 —1:25
Highest 193 157 177 202 219 160 132 182 109 219
Lowest 25 62 17 10 22 68 44 79 53 17
Range 168 95 160 162 197 02 88 103 66 202
Asthe ratio of the \'i\l‘iill1f't‘-:"NPIH':II‘(‘I[ large, T -'1 1-27 inches 18 less than

|

this was tested to see whether s* exceeds
significantly s,*. The F-test applied for this
purpose gives F—=s,%/8;,*>=2-4 with »#,—1
49 and n,— 1=21 degrees of freedom for ;2
and s,% F is significant at 5 per cent hut
not at 1 per cent. Although significance is not
definitely established, it was corsidered
better to examine the differerce 2, 2
for significance by applying Fisher-Behren’
test and also Welch’s test.

(a) Fisher-Behren's test— The difference
To — Ty 18 significant if it exceeds 4 (s5,%/n,
+ 5,2/ng )t where d is 5 per cent or 1 per cent
values in Table 6 of Fisher-Yates Tables,
Now d (8,%/n; + 85%/ng)*

2. 088 for 5 9, level.,

4
i ( .\‘I:I/ﬂ] . .\-__,'3.;',,2 W for 5 per cent level nfsig;r-
nificarce, Hence the means are not sig-
nificantly different.

(hy Welel’s test -

v — 1-221
27 ]
$17 M+ 82%ng )
- a o )
- Sa 8;° 8% |
( LA [ R - ()48
. I
R/ | My ng J
Ta ry is significant if v exceeds the value

corresponding to € and for pe=—n, —1 (21)
and py=n; —1 (49). As seen from Table 11 of
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Biometrika Tables (page 136), v is not signi- TABLE 9
ficant even at the 5 per cent level of signi-
ficance. The above supports the couclusiou Departure Toberyal
that the means are not significantly different. from in years
N normal
—Yye
(w) T'rend
G6
Linear regression equations have been fitted 24
to the data of rainfall (June—September)
of east and west Rajasthan, for the period 23
of 81 years from 1875 to 1955 (R=by-- 38
constant).
34
(@) East Rajasthan : 1905 61 4
b=0:029, F =0-046 (not significant) 1907 26 2
. . ; ; 191
There is no significant trend in east Rajasthan. ol * *
1913 44 2
(b) West Rajasthan : b = -0007 1015 # i
The regression coefficient is negligibly small. s % :
There is thus no trend in west Rajasthan also. 1925 24 7
i . . ) 1928 29
(v) Before concluding this Section a brief 3
discussion will be given of time intervals 1939 30 11
between years when the monsoon rainfall mﬁ 88 "
was less than 80 per cent of the normal. All i b
such years during the period 1875 to 1955 1951 44 10
are listed (Table 9) for east Rajasthan for 1953 39 9
ready reference.
There were 17 occasions during 80 years No. of occasions = 17
when rainfall was less than 80 per cent of the Total = 648

normal. On an average one in five years is Average departure = 38°1 per cent
a year when rainfall is less than 80 per cent Zti=1T6, Meanti =1

of normal. About 50 per cent of such = 45 years
occasions occurred at  successive inter- R o
vals of 3 years or loss. During this period L0¢ frequency distribution of # is given

g (1875—1955) there were a number of instances below—

of the intervals being more than 5 years. Three
of them were greater than 9 years, the highest ti Frequency ti Frequency
being 15 years. It would be of interest to

examine the random nature of the intervals . ! ! :
and the homogeneity of this series. The tests 2 6 8 1
to be applied are based on the assumption
. : 3 2 10 1
that the intervals follow the exponential ‘
law. Such tests have been indicated in a paper 4 2 11 1
by Maguire and others (1951). If ¢, is the . : ” : \

largest of »n independent time intervals and |
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tis the mean of n intervals, then where.

g= tn !'JJE = (+197.

This hl‘c' less Tlm_” !],“" SISIInGAUS e ,\7'!]]'{" Dividing the intervals inte four aroups,
of g at b per cent significance level which is Ve XA e
-31922 for n=16. The longest interval of M|C=1-44 with 3 degrees of freedom.
15 years is thus not significant. This is not significant at 3 per cent level.

. . . ch V » T W Cell 1 ‘ 15 TasSe
In order to find out if there is any signi- -*ctually P=70 per cent in this case.

ficant tendency for intervals to succeed one

. 2 7. Conelusion
another in groups, sometimes longer and some-

A eritical examination of the rainfall
1 series of east Rajasthan and west Rajasthan
M = 2k { log, ( M )-7- over a long perind up to 1954 does not show
k any significant changes in the history of
_1_ 3 low, T } rainfall in the area.
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