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Accuracy of precipitation network in different
geophysical regions in India
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ABSTRACT. For any Lype of i'wdmn'u_:lco_rolugical studies it is imperative that an optimum design of net-
work of raingauge stativns is determined taking into consideration various factors influencing specific purpose for
which such designs ;1‘rc'cny'|sagcd In the present paper an attempt has been made to determine the relative
accuracy of the precipitation network designed for estimation of normal areal precipitation in comparison to the

standard prescribed by World Meteorological Organisation. Itis observed that in the present case (he proposed
network is fairly accurate for the purpose for which it has been designed.
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1. Introduction till now and the importance of an optimum precipitation
network design for estimation of areal rainfall for vari-
ous purposes remains undiminished. In this paper an
attempt has been made to determine the level of accu-
racy attainable with the present network in comparison
to international standard prescribed by World Meteo-
rological Organisation for different types of region.

India has an area of about 3.28 million sg km. This
comprises various types of humid zones classified by
Thornthwaite (1948). Consequently for any type of
hydrometeorological or agricultural planning involving
water management, it is imperative thal an optimum
design of network of stations for meteorological obser-
vations is determined taking into consideration all the
factors influencing specific purpose for which such desi-
gns are envisaged. It will be appreciated that what are 2. Methodology
observed in such cases are point precipitation whereas
the input used for hydrometeorological studies is areal
precipitation which is an estimated parameter. It 1s
obvious that the accuracy of observed phenomena will T

In case of long term rainfall process, the long term
mean rainfall over an area may be expressed as

vary from the accuracy of estimation made from these y TR Z f P(x,y,1)dA,

phenomena since the nature of areal representation of AT{__H 1

observed phenomena, point precipitation in this parti-

cular case, is not very clearly understood. Miller (1977) whete P(x,y,t) is the point rainfall of duration 1.
observed “‘areal rainfall is less easily measured than is This is estimated by rainfall data of » observine

point rainfall. The hope that was raised in 1945, thag stations in the area A for a period of T vears and is
one radar set located on a ridge near the centre of a given by )

mountainous drainage basin would read out the inte-
grated input of atmospheric water into any sub-basin , I ik

or into the whole basin itself is slow in coming”. The P = 5T Z P,
situation in this regard has not improved substantially =1 1=0
(291)
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TABLE 1

Comparative study of rainfal! distribution meteorological sub-
divisionwise & districtwise

TABLE 2

Percentage error in computation of areal rainfall

Districts within sub-
divisions given in

Sub-divisions col. (2) having rain-
with excess/normal fall less than 0.75 Arca
Year rainfall of normal rainfall (°,)

——t——— = e —

No. Area No. Area
(km?*) (km?)

1984 19 2126597 63 470730 22
1985 16 1775987 a8 279164 16
1986 16 1940629 45 457462 23
1987 6 681719 26 197112 29
1988 9 1104902 16 114662 10

where, P; is the rainfall of /th recording station in
tth period of time.

Rodriguez-lIturbe & Mejia (1974) has given the varia-
nce of estimate of pas

V( P) = o*pd (T, p) ¥ (n.r)

where ¢ (T, p) = ‘1 :;ﬁi
Yinr)= I_—(”'” 1y r

op = Standard deviation for precipitation
+ = Mean correlation in the area A
p = First auto-correlation coeflicient

The error in estimation of p is given by

¢ = m) = _"*”J I ! %PM] i’;i])’
P PN T 1—

1T I4+p 1+Hm—1)r
— "V == At e
c JT. R 0

where, CV is coefficient of variation ol precipitation.

3. Analysis

As indicated earlier, the accuracy of estimation of
areal rainfall is directly proportional to the number of

Expected
No. of
stations ~ Actual Coeff.
in the No. of of Percen-
State Area Mean network stns.in varia- tage error(e)
(km?) corr. as per precipi- tion ——A———
(v} WMO tation (CV) corr. corr,

criteria  network 1o to
(n’) (r1) n n
Orissa 155782 0.60 210 94 20.3 3.71 3.72
Rajasthan 342214 .45 228 138 43.9 6.96 6.97
Himachal
Pradesh 55673 0.26 165 47 21.2 1.9 2.03

gauges in the network of stations in the region. This
type of variation in accuracy is also observed when the
basic unit of area for which this estimation is made is
also varied. This can be clearly seen in case of con-
sideration of area affected by meteorological drought
in the country. Though meteorological drought is largely
based on rainfall departure and/or aridity anomaly,
it 1s basically presumed that a minimum area is also
included in this definition. Hence, the conclusion based
on meteorological sub-divisionwise chart and that ba-
sed on meteorological districtwise chart are likely to
defer. For this purpose (1984-1988),
districtwise rainfall data were anlaysed for a sample
study. The results are given in Table 1.

five years

It may be seen from the table that during this period
there were 66 such cases when the distribution (excess

or normal) of rainfall estimated on meteorological sub-
division basis differed from that estimated on meteo-
The amount of area involved
varied from 10 %, in 1988 to 297, in 1987. Presuming
209, of the area to be accepted for variation there were
1984, 1986 and 1987 when the varia-

tion which were 22°,, 239 and 297, to be re-assessed.

rological district basis.

three years, i.e.,

This again demonstrates that smaller the basic area
for which areal estimates are made, greater is the accu-
racy of the result obtained therefrom. World Meteo-
rological Organization (1983) has recommended mini-
mum density of rain gauges for determination of areal

rainfall in different region.
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For the present study, in consonance with WMO
criterion, three States in India having typical geophysical

features were selected. These are —

(a) Orissa — which is a flat area in tropical zone,

(b) Rajasthan — which is in arid zone and

(c) Himachal Pradesh — which is in mountain areas

in tropical zone.

As stated earlier a denser network of raingauges
about two thousand five hundred  stations spread

over the country according to meteorological and

geophysical conditions for monitoring districtwise
rainfall statistics on a realtime basis has been identified.
In this network there are 94, 138 and 47 raingauge sta-
tions in QOrissa, Rajasthan and Himachal Pradesh
respectively. An attempt has been made to assess the
accuracy of these networks and compare the result with
those recommended by WMO. For this purpose error
in areal rainfall estimation from the network was

computed from the formula

e A/f.’"l"ﬂ_'—_p LTy
T 1—p n

where,
T == Period of data for 30 years
n = Number of raingauge stations in the network

p = First auto-correlation coefficient (0.25 for

Orissa and Rajasthan, 0 for Himachal Pradesh)

Upadhyay ef al. (1990) have computed the mean corre-
lation coefficient » for all the states in the country. Values
of r for Orissa, Rajasthan and Himachal Pradesh were
obtained therefrom and utilised for determining ‘¢’. The

results of computation are given in Table 2.

From Table 2 it will be seen that though the density
of raingauge stations inthe country is different from that
prescribed by WMO, the error involved in these two
different networks are not significantly different. This
is due to the effect of other two factors, e.g., » and
p utilised in the computation of ‘¢’. The increase in ‘¢’
due to variation of n is compensated by decrease in ‘e’

“

due to the influence of , and p on ‘¢

The above analysis demonstrates that the rainguage
stations in the proposed precipitation network when
activated will meet the requirement of project for which

it has been designed.

4. Conclusions

(/) Proper location and re-adjustment of gauges in
precipitation network can reduce the number of gauges
required for estimation of normal areal rainfall over

the region.

(ii) Smaller the basic area for which areal rainfall
estimates are computed, greater is the accuracy of

results obtained therefrom.

(#ii) Precipitation network designed for estimation
of normal areal rainfall for the purpose of monito-
ring districtwise rainfall statistics meets the requirement

of the project for which it has been envisaged.
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