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ABSTRACT. In this paper, the correlation structure of rainfall field has been worked out for 21
meteorological homogeneous regions which cover almost entire country. For this purpose 70 years (1901-1970)

rainfall data for about 2000 stations have been utilised,

1. Introduction

The rainfall varies in space (x, ¥, z) and in time
(7). It is possible that a significant correlation exists
between two sets of rainfall observations. Such correlati-
on may be of two types :

(/) r(t) —correlation between two sets of data of one
station recorded in different period of time.

(it) r(s) —-correlation between two data sets recorded
at different stations during same time span,

r(t) refers to the persistence effect. To eliminate the
affect of persistence on estimation of areal rainfall its
standard error isreduced by a factor [1—r(7)]/2, How-
ever the analysis of this type of correlation is not under the
scope of present work. In succeeding paras the spatial
structure of correlation field has been analysed for
various meteorologically homogeneous regions. The
entire India has been divided into 16 such regions and

the spatial correlation maps have been produced for
these.

Some of the important hydrologists who applied the
concept of correlation between gauges for solving
operational problems in hydrology are :

(1) Hershfield (1965) — to design proper spacing
between gauges,

(2) Kagan (1966, 1972) — for computing errors in
interpolation,

(3) Rodriguez-Tturbe and Mejia (1974) — for separa-
tion of spatial and temporal factors of the error
in estimating areal rainfall from point observat-
ions,

(4) Ramanathan er al. (1981) — applied work for

determining optimum network density using
the correlation structure of rainfall.

The information on correlation between rainfall
series located at two stations and their variation with the
distance between the stations has large practical utility in
the following areas :

(i) Estimation of point to areal rainfall relationships,
(ii) Network design,

(iif) Transfer of rainfall information from one
station to the other including interpolation of
the missing data in spatial series, and

(iv) Regional rainfall analysis for specific purpose
like drainage and designing small hydraulic
structures.

In many statistical studies relating rainfall variable
x; recorded at various points (i) assuming that the series
x;are statistically independent. The significant correla-
tion existing between x;’s is bound to revise the results of
such studies. In this context also, the importance of
present work is apparent.

2. Method of computation of space correlation

Suppose ‘A’ is a meteorologically homogeneous area,
Letxy, Xg. oo o xrpandyy, Yaooonoo yr be the annual pre-
cipitation series at the two stations in this area having
correlation coefficient r.

If there are n existing stations in this area, there will be
n¢ycorrelation coefficients (r) and the same number of
distances (s) between the stations. It is possible to
establish a functional relationship r=f(s) between the
two variables. This relationship describes the corre-
lation structure of rainfall over an area. It is generally
expected that the correlation decreases as the distance
increases. Rodriguez — Iturbe and Mejia (1974) have
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shown that the functional relation f{s) can be any one of

the following :

(iYr=ae" (exponential) ]
(ii) r = a—bs (linear) > (1
(ifi) r = bs ky (bs) (modified Bessel) |

where 2 and b are constants,

2.1. The probability density function of *s’

The distance ‘s> may be regarded as a tandom variable
as it may assume different values between O and D
(maximum possible distance between the two points in
the area of interest) with frequency function #(s). Form
of ¢(s) depends on the shape of the area'catchment.
Erikson (1972) suggested the following function &(s)
for a circular area of radius R as :

$(s) = 25/R, 0 < 5 < R 2
2.2. Mzean spatial correlation

The mean correlation over a given area A4 is :

E (r/d) = r = {r(s). ¢(s)ds (3)

If r(s) follows an exponential law given by Eqn. (1),
then

—— [ I—(1 4+ Rb)v—‘-ﬂ-l 4

If r(s) follows a linear law of variation, then :

3

R
2e A
T = J‘ (a—bs) . -;:2' ds = a— 3 Rb (3)
0

It may be noted that Egns. (4) & (5) are valid only
for circular regions. For other shapes. p.d.f.é(s) will
acquire different functional form. Eagleson (1967) has
derived these forms for some other geometrical shapes
like squares and rectangles.

Fdepends on (i) parameters ¢ and b which desciibe the
characteristic of the correlation structure in that area and
(ii) the longest distance possible in that area (radius, in
case of circular area) or area of the region A.

It is also apparent from the relations (i) to (iii) of
Eqn. (1) that theoretically @ tends to | and b has a
dimension of L—1. Hence 452 is a dimensionless quantity
expressing combined effect of area and correlation
characteristic. It could be interesting to express 7 as a
function of A%

3. Data used

Long term (1901-1970) rainfall data for about 2000
stations distributed over the plain of India have been
used in this study. For computing correlations between
the pairs of rainfall series, effort has been made to omit
minimum quantity of data due to missing observations.
The distances between two stations have also been re-
garded as random variable which are calculated from
1he coordinates (Lat., Long.) of stations,

al.
TABLE 1
r-5 frequency table
-
——— A == | =
s 0-0.2 0,204 0406 0.60.8 0.8-1.0 ri
(km)
Circle -
(.40 0 0 1 5 0 0.67
40-80 1] 1 8 7 1 0.59
80-120 0 1 7 3 0 0.54
120-160 O 1 1 0 0 0.40
Circle 2
0-40 0 0 3 10 2 0.60
40.80 0 3 16 25 | 0.61
80-120 0 4 30 12 I 0.54
120-160 0O 5 9 6 0 0.51
160-200 0 2 6 1 0 0.48
Circle 3
0-40 0 0 5 11 2 0.67
40-80 0 3 31 29 2 0.59
80-120 0 9 51 22 1 0.54
120-160 0 12 39 12 0 0.50
160-.200 0 14 24 7 0 0.47
200-240 0 9 8 0 0 0.39
240-280 0 4 | ()] 0 0.34
280-320 0 ] 2 0 0 0.43
320-360 0 1 QO 0 ) 0.30
Circle 4
0-40 | 0 8 18 4 0.65
40-80 3 11 47 46 2 0.35
80-120 4 22 104 30 | 0.50
120-160 6 40 97 19 0 0.46
160-200 3 41 83 1 0 0.43
200-240 5 47 45 0 0 0.35
240-280 3 31 22 0 0 0.36
280-320 5 7 8 Q0 0 0.30
320-360 0 5 0 0 0 0,30
TABLE 2
Parameters of correlation structure
Circle a h Radius Ab? r
No. (km '} R (km)
| 0.80 0.00313 i) 0.15 0.69
2 0.76  0.00263 98 0.21 (.64
3 0.76  0.00222 130 0.26 0.64
4 0.72  0.00227 162 0.43 0.57
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Fig. 1. Space correlation structure (Punjab & Haryana)

4. A practical illustration for the computation of correlation structure

The study outlined in preceding paras have been
carried out for different homogeneous regions covering
almost the entire country. The regions have been de-
marcated by circular lines so that the density function
given by Eqn. (2) is applicable.

Under each circle there will be different number of
stations which will provide varying pattern of r—s relation-
ship. In other words the mean correlation (r) of the rainfall
field can be treated as a function of area (A) of the circle
and the parameter (b) of the functional relationship
between rand s.

_ In the succeeding paras the procedures are illustrated
in respect of one homogeneous region, namely, Punjab
and Haryana. The major parts of Punjab and Haryana
have been classified by 4 circles covering the areas about
15,000, 30,000, 53,000 and 82,000 km2. The number
of stations falling under these areas are 9, 17, 25 and 41
respectively.

For circle 1, °Cy (=36) pairs of stations provide 36
values of correlations (r) and distances (s) as given in
the bivariate frequency Table 1.

It is clearly indicated that (r) decreases with distance
(s) and follows an exponential pattern [Eqn. (1)] with
parameters a and b given in the Table 2.

A graph showing the variation of » with a dimension-
less quantity (45b?), A being the area of the circle
is given at Fig. 1.

It determines mean correlation structure for a given
area if the parameter b is known.

5. Regional correlation structure of rainfall over India

The aforesaid study has been conducted for the
entire country dividing it in 21 climatically homogeneous
regions. The important results and inferences are sum-
marised in the Table 3.

The graphs showing 7 — Ab® relationship for different
regions are given at Figs. 2-21.
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Parameters of correlation structure

TABLE 3

Circle

No.

b - I S L th Lo R I b - SO Un e e D L LA el b

b Lipa —

el [ -

No. of
stations
(n)

R
(km)

(1) North Andhra Pradesh (139800 km?)

33 110 0,59 47 0.46
54 143 0.63 45 0.42
68 171 0.68 47 0.40
99 193 0.66 43 0.38
127 211 0.65 43 0.35
(2) South Andhra Pradesh (89700 km*)

11 44 0.77 53 0.67

27 86 0.70 83 0.44

50 120 0.68 83 0.35

71 145 0.73 71 0.37

86 169 0.70 67 0.34

(3) Bihar (205800 km*)

8 51 0 80 156 0.48
29 920 0.75 100 0.42
64 134 0.75 81 0.38
94 182 0.70 68 0.32
128 213 0.75 74 0.28
159 238 0.82 20 0.51
176 256 0.82 29 0.52

(4) Eastern India (23250 km?)

5 36 0,80 178 0.53
23 52 0.80 182 0.44
37 60 0.75 147 0,39
60 86 0.78 128 0,38

(5) Gujarat (157700 km?)

8 64 0.90 48 0.74

* 111 0.92 38 0.69
44 151 0.93 28 0.71
63 189 0.88 26 0.64
76 224 0.88 25 0.61

(6) Himachal Pradesh (80400 km*)

6 39 0.75 238 0.42
12 70 0.72 160 0.35
23 100 0.70 56 0.49
36 130 0.73 114 0.29
43 160 0.€8 100 0.25

(7) Jammu & Kashmir (37300 km*)

1 44 0.60 10 0.43
13 77 0.58 66 0.42
19 92 0.60 T6 0.38
29 109 0,60 80 0.34

(8) North Karnataka (85550 km®)

14 66 0.72 63 0.55
31 107 0.64 67 0.40
56 139 0.64 59 0.38
69 165 0.62 55 0.34

(9) South Karnataka (101750 km?)
20 48 0.59 100 0.43
51 85 0.60 70 0.39
56 122 0.57 60 0.37
114 147 0.60 60 0.35
140 180 0.56 59 0,28

(10) Kerala* (38700 km?)

17 53 0.75 37 0,66
30 71 0,70 47 0.56
49 89 0.70 31 0.58
73 111 0.70 26 0.58

a

h(10™
km™)

r

4 Circle

(=]

ek b hd -

—— s e B — =

o Lt b

0.742
0.820
1.520
2.380

T D —— o — =

cooo

2322

L
e A )

No.

el 1 -

LI SRR B

R =R R O I

LF SRR b = (P S hde i ld —

B ed ) —

L

& ibd —

No. of R
stations (km)
o

o

b(107*
km™)

Ab?

(11) West Madhya Pradesh (159100 km*?)

27 115 0.90 77 0.51 2.46
34 150 0.85 62 0.47 2.72
52 188 0.80 53 0.42 3.12
67 225 0.75 50 0.37 3.98
(12) East Madhya Pradesh (225750 km?)
15 110 0.75 36 0.58 0.48
26 137 0.75 30 0.57 0.54
40 170 0.72 34 0.50 1.01
53 198 0.72 33 0,48 1.06
70 234 0.74 28 0.47 1.33
93 268 0.70 25 0.45 1.4l
(13) Maharashtra (174900 km*)
14 65 0.63 63 0.48 0.53
26 101 0.70 76 0.43 .84
46 132 0.59 29 0.46 0.45
66 157 0.60 27 0.44 0.60
80 177 0.65 25 0.48 0.61
101 194 0.64 29 0.45 1.02
120 212 0.63 28 0.43 1.09
142 226 0.64 26 0.43 1.11
153 236 0.64 18 0.42 0.56
(14) Orissa (88650 km*)
13 68 0.92 53 0.73 0.40
30 101 0.92 45 0.68 0.64
46 130 0.90 41 0.63 0.91
59 150 0.90 36 0.63 0.90
69 168 0.90 34 0.62 1.02
(I5) Rajasthan (311850 km*?)
19 128 0.90 2 0.59 0.265
33 176 0.90 20 0.55 0.390
46 224 0.83 16 0.53  0.410
61 271 0.82 16 0.52  0.560
92 315 0.78 21 0.46 0.720
(16) Tamil Nadu (91850 km?)

28 66 0.80 100 0.52 1.37
74 107 7.81 83 0.46 2.50
133 142 0.83 77 0.41 3.19
171 171 0.83 91 0.31 7.61
(17) East Uttar Pradesh (138475 km*)

13 72 0.85 63 0.63 0.64
3l 105 0,80 45 0.59 0.71
47 140 0.80 36 0.58 0.78
62 172 0.80 33 0.55 1.03
76 210 0.75 31 0.49 1.35
(18) Plains of west Uttar Pradesh (68800 km®)
7 51 0.95 53 0.79 0.23
19 86 0.90 59 0.65 0.80
45 116 0.90 50 0.62 1.06
71 148 0.86 67 0.46 3.05
(19) Hills of west Uttar Pradesh (43000 km?)
24 70 0.69 100 0.44 1.54
33 90 0.71 102 0.39 2.65
43 117 0.68 81 0.37 2.79

(20) West Bengal (66925 km?)
21 61 0.72 131 0.43 2.00
39 94 0.65 116 0.32 3.73
65 120 0.66 100 0.30 4.52
80 146 0.70 11 0.26 7.50

. ~ 2 . ie . . . . .
Due to elongated structure of the region, circles were not appropriate for the division of area. So region divided into 4 zones.
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6. Some areas of application
6.1. Network design

Many authors namely, Rodriguez-Iturbe and Mejia
(1974), Kaur and Upadhyay (1987), etc have indicated
that the variance of estimate from point to areal rainfall
is given by :

V(Pa) = o3 [1(T). f2(n)

where, f; (T) isthe temporal reduction factor depending
on the length of observation (7') and f; (n) the spatial
reduction factor depending on the number of raingauges
n.

(6)

If we assume that rainfall between two stations is not
independent then :

Sotm)y=1[l 4 (—1) rln

where r is the mean correlation of rainfall series. As
n-=0, fo(n)—r which means that theerror of estimate
can not be reduced significantly by simply increasing
the number of raingauges. The concept given in Eqn. (6) is
more appropriate for evaluating network density of an
area for a desirable accuracy in estimation of areal
mean.
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6.2. Peint to areal rainful!

The arcal reduction factor P4/ P, may be expressed as
a function of 7. This function could be a power function,
Tiap

Py/P, =k (7 )Him

As an illustration (Upadhyay er al. 1984), let

P." "f Pf) 7-{-;’}] ,3

Area A
(km*)

50

6.3. Regional transfer of inforriation

Since the stations are not statistically independent
in rainfall observations, a part of information of a
station is contained in the observations taken over other
stations. Thus, the equivalent number of independent
stations (n,) having same information content will be
less than n. If pyand o2 are the mean and variance of ith

station, then the regional mean p and variance o;L is
given by :

n-1 - n

o) -
al + nzz Z o
|

i=1 i=1 j=i
%; = [l + (n—1) r ]

Then the information content regarding pis given by :

ol

I === : =
po () [1-+(n—1)r]
n,=nl[l +@m—1)r)]

6.4. Interpolation of missing data

= [IE=)7F I

The concept of interpolation is based directly on the
relationship of one observation with the other as spatial

or temporal. Kagan (1972) have derived the errors in
interpolation for a triangular giid network as a function
of the rainfall variability, network density, the spacing
between two stations and the cortelation structure, it is
given by :

Ziut =Ly [{(l—'ﬂ)fs} ' 0.52 ba (A,fn)i]!

where « and b are the parameters of the correlation
structure: Cv is the coefficient of rainfall variation and
A is the area of the catchment.

7. Conclusion

The statistical survey based on country vide volu-
minous data set presents important features of space
correlation between rainfall series recorded at various
points. Some of the features are :

(i) The rainfall correlation r(s) between two stations
decreases with distance (s) between them and
follows gencrally an exponential pattern.

(i) For a homogeneous area. concept of mean
correlation ( ) is applicable which can be
dervied by :

F= §{r(s) ¢ (s)ds

where, ¢ (s) is a density function for the random variable
s. The ¢ (s) assumes simplest form for a circular area
given by :

$ (5) = 23[R?
R being radius of the circle.

(i) 7 depends on area (A) and the parameter b of
the correlation pattern. Th. combined effect of
these iwo factorsis indicated by 2 dimensionless
quantity {b2 It is found for all homogencous
regions that » decreases with A4b*and generally
follows an exponential pattern.

(iv) The concept of r(s) and r have vide range of
application in the areas of network design,
interpolations, point to areal rainfall relation-
ships, information transfer, regression analysis
etc.
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