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Correlation between mean annual rainfall and
its standard deviation
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ABSTRACT. The hypothesis that linear relationship ex’sts between mean rainfall and its
standard deviation is tesied in case of Rajasthan by obtaining correlation coefficient betaveen

them and developing linear regression.
observed differences

n. It is seen that high correlation exizts and that the
between the estimated and actual standard deviation are not, on the basis

of Standard Error of estimate, significant. Relative error in the estimate is also generally small.

1. It is an observed fact that Coefficients
of Variability CV generally varies inversely
with rainfall (particularly in case of mean
annual rainfall). Hence, we may have as a
first approximation,

CV = a+b/z,
where # is the mean rainfall of a station and
« and b are constants. But by definition CV=
s/z, where s is the standard deviation.

. 8fo=a+bfz
That is a priori, linear relationship between
« and s is suggested.

2. This hypothesis was tested in case of
Rajasthan for which values of s for over
190 stations are easily available (Rao
1958). For purposes of this study, Rajasthan
has been divided into two regions—(1) the
region R, containing stations with mean
annual rainfall of less than 22" and (2) the
region R,, with stations having mean annual
rainfall of 22" and over. These two regions
roughly correspond to the meteorological sub-
divisions of west Rajasthan and east Rajas-
than. The number of stations, considered
here, is 87 in R, and 106 in R,.

3. The correlation coefficient r and the
regression equation for each region were
obtained considering values of z and s for
each station. Standard Error, E, of the
estimate s, was also calculated from —

or s =azx+b

by
E‘ = 0 (1“"*“‘2)2,

where o, is the standard deviation of the
s values. These equations and values are as
follows —

For Region R,
8¢ = 0-310x--2+51
r=0-85, F, = 1-00"
For Region Ra
8¢ = 0-211 24477
r=0-61, E, = 1:60"

It is interesting to note that both the
equations are almost satisfied when x=22-83
which closely corresponds to the isohyet of 22"
dividing the two regions.

3.1. Estimated standard deviation s, was
calculated for each station from the regres-
gion equations. The difference (s, — 5a)
between the estimated and actual standard
deviations was obtained. Frequency distri-
bution of this error for each region is given
in Table 1 in terms of the standard error.

On the basis of the normal distribution of this
error, we could expect it to lie between

10-67 E, in case of 50%, of the stations,
+1-0 E, in case of 68- 2%, of the stations,
+2-0 E, in case of 95-5%, of the stations, and
+4-2-58 E, in case of 999, of the stations.
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The number of stations falling within these
limits is also indicated in the table. The
following extract from Table 1 indicates how

closely these expectations have been realis-
("l]—

Actual and percentage number of stations
with error within

067 J-.'s 10 Ep 2-0 f.’s 2-58 Ea

48 61 84

¢ R,

53-2 95-9

61 76 104)
¢ Ry
98-1 )

a7-5 717

The relative percentage error
100 (s, — 84 )/s4 was also ealenlated for each
station. Table 2 gives the distribution of
stations according to the relative error.

4. Next, the stations in each region were
grouped according to convenient and small
rainfall intervals — range of each interval
being 0-75" in case of R, and 1:00" in case
cf Ry, The mean rainfall for cach interval
was obtained to give the area-mean rainfall
for the area covered by each interval. The
best estimate of the standard deviation for
this mean spatial rainfall was obtained as

A k 1
: — ( Zui st [ (N-l-))-
1

where »; is the number of years of data
of a station ¢ used for getting S.D., s; of that

&
station, N = X »; and & is the number of

1
stations. Tables 3 and 4 give these values.
Maldistribution of raingauge stations is
also incidentally brought out. The correlation

A}
coefficients between #z and s, the standard
errors and the regression equations were
obtained and are given below—
Region R,
A
se = 0-3432-}2-06

r=-94, B = 0-68
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TABLE 2
Actual and percentage number of stations with relative 9; error between
0—10 11—20  21—30 31—40 41—50 51—60  B1—70 71—80  81—90
Actual 48 23 9 4 1 1 0 0 1
R
o, 55-2 265 10-3 46 11 1-1 0 0 1y
Actual 64 31 9 1 1
R
% 60-4 29-2 85 1 1 :
TABLE 8 TABLE 4
Reglon R, Region R,
Rainfall No. of Mean Rainfall No. of Mean A
range staiions rainfall s raage stations rainfall 8
x x
(cents) (cents) (cents) (cents) (cents) (conts)
326— 400 1 349 185 2201—2300 13 2251 1025
401— 475 4 450 207 2301—2400 7 2339 1001
476— 550 3 520 400 2401—2500 7 2442 979
551— 625 3 596 417 9501—2600 1 2539 1042
626— 700 2 676 565  2g01—2700 0 2644 971
— 776 6 737 517
701 2701—2800 6 2769 066
T76— 850 3 798 O i i 5 St .
851.— 925 3 907 482 ” 1058
926—1000 2 935 soy . 2901—3000 6 2048 1094
1001—1075 5 1053 585 3001—3100 5 3070 1271
1076—1150 7 1120 685  3101—3200 4 3154 1360
1151—1225 3 1201 632 3201—3300 3 3258 1300
1226—1300 1 1233 560 33013400 5 3356 1306
1301—1375 2 1362 703 3401—3500 6 3469 1375
1376—1450 5 1422 708
14;1 1525 1 1498 e il . wiEn 1340
A8 3601—3700 3 3644 1214
1526—1600 4 1648 W0 o 6
1601—1675 5 1634 BT o000 ) 378 1254
1676—1750 2 1734 831 iy 1305
1751—1825 3 1780 gos  2001—4000 3 3055 1240
1826—1900 6 1863 gog  4001—4100 0 - -
1001—1975 3 1966 mas  4101—4200 1 4111 1335
1976—2050 4 2017 801  4201—4300 1 4237 1618
2051—2150 3 2076 866  4301—4400 1 4305 1312
2151—2200 3 2180 935 4401—4500 1 4443 1502
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. TABLE 5
Actual and percentage number of intervals with ©/ error beiween

0—10 11—20 21—30 31—40 $1—350 51—60 61—70 T1—80
Actual 17 3 1 ] ] 0 1 11
LR,
o 68 20 4 0 0 0 4 1
Actual 19 3
R,
% 86-4 136
Region R, TABLE 6
A

Se = 02240 - 4-72

r=0-84, E, —0-95

Here again, both the equations are almost
satisfied by 2=22-35, which closely ccrres-
ponds to the 1snhyc-t of 22, dividing the
two regions.

4.1. In this case also, estimated standard
A :
deviation s, was calculated for each interval
(tepresenting a uniform rainfall region be-
cause of narrow isohyetal boundaries). The
A A
difference (s, —s, ) between the estimated
and actual standard deviations was obtained.

Table 6 gives the distribution and shows
how (,lusely the expectations indicated in
para 3.1 have been realised.

A A

The relative percentage error 100 ( s, —s, )/

A

A}

sz Was also calculated. Table 5 gives distribu-
tion of intervals according to the relative error,
It is seen that although the estimated stan-

_ A
dard deviation s may be out by more than

one E,in case of about 30%, of the intervals

Actual and percentage number of intervals
with error within

0 ii?];"g' 3 l'HI:‘_;\ 2 OE, )SE;\
Actual 12 17 24 25
bR,
o 480 680 060 1000 |
Actual 12 15 21 22
R,
o 84°5 682 951 1000

the relative error is quite small being general-
ly less than 209,

5. Wide variations of standard deviation
from observed values could be attributable to
(1) peculiarities  of orography and /or
defective  exposure conditions, apart from
meagreness of data in some cases. Never-
theless, the study has shown that a fairly
close wl‘ntu-nslnp exists between rainfall and
its standard deviation for individual stations
as well as for regions of homogeneons rainfall
(bounded by ]HOll\Uf‘i at narrow intervals);
and the observed differences are not statisti-
cally significant. Hence, isohyetal map of any
region can be used as a map giving distribu-
tion of standard deviation.
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