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Representativeness of average rainfall from smaller
number of stations over Damodar and Barakar
catchments
K. €. MAJUMDAR and M. GANGOPADHYAYA
Regional Meteorological Centre, Calcutta
(Received 5 April 195%)

ABSTRACT. Over the Damodar and Barakar catchments the weighted averages of rainfall caleulated aftee
Thiessen model is statistically found not to be significantly different from the simple arithmetic averages.
The simple average caleulated froma randomly chosen smaller number of stations is found to be statistically
representative of the average rainfall calculated by using all stations. The confidence limits to the true mean

have also been calculated.
1. Introduetion

An estimate of the daily average rainfall
over the Damodar and Barakar catchments
is required by the Damodar Valley Corpora-
tion (D.V.C.) authorities for the purposes of
their drily reservoir control operations at the
two principal flood control dams, pamely,
Maithon and Panchet Hill. For convenience
of work and maintenance of communication
systems inter-linking the raingague stations
with the headworks control section, the
D.V.(. wants the estimate of the average daily
rainfall in incles over these two catchments
separately based on a much smaller number
of raingange stations,

In this paper an attempt has, therefore,
been made to test if the average rainfall

over particular catchment worked out
from a randomly selected network of
smaller number of stations, is representa-

tive of the average based on all available
stations in the catchment. Stations have been
selected by attaching random sampling
numbers (published by Indian Statistical
Institute) to all the stations in succession
and then selecting in usual way (Kendall
1948a). Only that sample has been consider-
ed which contained stations within the
catchment. The numbers of the stations in
the selected networks were chosen practical-
ly in the ratio of the areas of the respective

catchments, after giving due considerations
to the numbers suggested by D.V.C. It has
also been tested whether the weighted
average caleulated after Thiessen (Foster
1949) or the simple arithmetic mean is
more preferable. A procedure is also laid
down for caleulating the confidence limits to
the true averace rainfall from the date of
selected stations, as these might be useful
in deciding control operations when reser-
voir is either full or nearly empty.

Statistical tests have been applied for
fifteen individual days during the rainy
season months spread over three vears
covering weak, moderate and active mon-
soon days and also for five individual months
from June to October for one year. Inapply-
ing these tests daily or monthly rainfall
have been assumed to be normally distributed
in space. Though the exact form of this
distribution of rainfall is not known, yet in
such statistical studies assumption of nor-
mality will not lead to much error (Mather
1949, Fisher 1948 a).

The missing data were estimated by draw-
ing isohyetal maps for an area comprising
of Damodar and Barakar catchments and
their surrounding districts by taking into
account all D.V.C. and State raingauge
stations.
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Fig. 1. Map of the catchments showing the raingauge stations and Thiessen construction

The respective weight factors are shown in brackets

Stations in Barakar—(1) Padma, (2) Barhi. (3) Kodarma. (4) Dhanwar, (3) Parasabad, (6) Giridih,
(7) Maithon, (8) Bagodar, (9) Tuladih. (10) Jamtara, (11) Barakatha, (12) Barakar, (13) Pachambn,

(14) Jamua, (15) Tundi, (16) Dumri,

The first 9 stations constitute the selected network

Stations in Damodar—(1) Hazaribagh, (2) Bishungarh, (3) Bokavo. (4) Dhanbad, (5) Sudamadih,
l"i}PlIEHIhki. (7) Danea. (8) Bagodar. (9) Chandwa. (19) Tandwa. (11) Ramgarh, (12) Khalari,
(13) Mandu, (14) Panchet. (153)Pandi. (16) Dumrei, (17) Chas, (18) Nirsa, (19) Topehanchi, (20) Rajdaha,
(21) Balumath. (22) Para, (23) Bagmara. (24) Katras, (25) Nivre, (26) Silnichak. (27) DPeterbar,

8) Daroo, (29) Mamdar, (30) Burmu. (31) Bhurkunda, (32)Barkagaon, (33) Konar, (34) Nawadih,

(2
(33) Jaipur, (36) Chandankiari, (37) Govindpur. (38) Gola. (39) Purulin,(40) Maithon, (41) Kulti

The first 14 atations eonstitute the selected network
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2. Weighted and simple average where r 18 the correlation coefficient between
wand x. Therefore testing mw — m for
venessary: 4o ineatipate. whether wasititsd significance is the same as testing the signi-
or the simple arithmetic mean is Dmc»re ficance of r. The significance Ofrﬁ tested by

"=, 5 o ; , using Student’s ¢ bv the following relation-
preferable. In investigating this the two

Before attacking the main problem it is

. ' . ship—
kinds of averages have been considered by hip |
taking all stations available in the two catch- {— VN2 (3)
ments. The Thiessen method has been applied VI—r

in deriving the weighted average on account e \ o

of its prat;tlca] adv: antages. The distribution ;.‘ hich is a Student f” e _‘\ § dcgre!as (.)f
of the raingauge stations together with their rcctlum. The values of r avd corresp{)ndm;% !
respective  weight factor obtained by calculated from equafluu (8) are shown in
Thiessen method for the Damodar and ("O%um"'“' 6and Of?‘l ble _l(a}. It is "?““fm'!‘
Barakar catchments are shown in Fig. 1. In this table that at 5 per (:ent‘level o “’lg'll I:
this study three or four stations just outside Joguos th_e vy.ln(es aF have (,0!‘!18 bas to be
the catchments have also been taken into ‘RSignificant m 90 per cent cases in case of
account for obtaining a better network for Dmn‘o_r.lar catchment and in 80 per .i“"ei.lt'
estimating the true average rainfall, RS Tt s of Barakar catohment, while in

: the remaining cases it is not so.

Lot &y gyaz o @y be the rainfall at N
stations and wy, w,,......wy be the corres-
ponding weight fac tors. Then the simple and
weigh tml averages are wapnf'm\ ely given by :

Thus in a large number of cases the hypo-
thesis H (p=0) is true, sothat in these
cases there doesnot exist any significant
correlation between the rainfall and the
o r_(. ittt .o . @)= Zs M corresponding weights and hence any real

N : ’V differences between weighted and simple

L By 0y %y + .. Wy Ty averages. Since, ].IUWEVBI‘ in the remaining
“‘l; el oo Wi . fewer cases tlu% 18 not true, a combination
——_ = test (Kendall 1948 b, Rao 1952) of all cases
_ o (2) has been made separately for each catchment

N to see whether on an aggregate the differences

(mw; —m) can be considered as insignificant.

where w = v PRy For conducting such test the exact pruimblh-

# ty or of ¢ meeoalmu the calculated value

The daily simple and the weighted averages 1asbeen found outand the statistics:
have been calculated for a nomber of di- < v
fferent occasions and also for five rainy yt =22 loge pi (4)
months of a vear for the two catchments. o bl .

The results are given in columns 2 and 3 of with 2» degrees of freedom, where v is the
Table 1(a). It is seen from this table that "mberof cases considered, has been worked
the simple average can hoth be greater ©ut- Since in the present problem 2v is greater
or less than the weighted average. than 30, use is made of another statistic
Whether the difference between the simple P
and the weighted averages is at all signifi- 2= 22— /2] (3)
cant can be inferred by testing whether the
difference (my —m) 1s significant or not. which is a normal deviate with zero mean
But, mw —m can be shown to be equal to and unit variance (Fisher 1948). The values
5, Gy of 4* and corresponding z are given in Table
X —— 1(b). From a comparison with the table of
w normal distribution it is seen that the values

and ny =
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TABLE 1 (a)

Comparison of simple and weighted average rainfall

Averages Variance of
rainfall (inches)
D:lte —_— , V- . ——eeP =
Simple Weighted i
m averags * 1t
LI
(1) (2) (3) (4) (3) (6) (7)
DAMODAR CATCHMENT

11-6-49 1-523 1:587 0-021 0-026 40- 148 +-0:93
12-6-49 1-408 0015 0-037 0-044 —0+235 —1-51
25-6-49 0-472 0310 0007 0= 009 40153 +0+97
11.7-49 0-G41 0617 0-008 0010 —(0- 080 —0-56
21-7-40 1:354 1+ 384 0-014 0-017 40100 +0-63
16-8-49 1-130 1-108 0-025 0-031 — 047 —0-29
27-8-49 1-163 1-105 0-019 0-023 —0-141 —0-89
11-6-50 1-767 1-533 0-022 0-027 — 0541 —3.99
10-7-50 ¢577 0-457 0:010 0-012 —0-306 —2:00
20.7.50 0-490 0-481 0-008 0-009 —0- 035 —0-22
22.8.50 0-303 0-344 0-003 0-004 1-0-234 +1:50
30-6-51 2-080 1-082 0-021 0-026 —0-227 —1-45
1.7-51 1069 0-874 0020 0024 —0-470 —3-33
929.7-51 0033 0-901 0-036 0-044 —0-055 —0-34
17-8-51 1-255 1-297 0-014 0-016 4L0-122 +0-77
Jun 52 6-287 G066 0-069 0- 084 —0-984 —1-85
Jul 52 14199 13-817 0-214 0-260 —N-278 —1-81
Aug 52 11-596 11836 0428 0-519 4-0-124 4078
Sep 52 9556 0-711 0-202 0-245 40116 1073
Oct 52 3200 3- 083 0-081 0-008 —0+239 —1-54

* y—(Correlation coeflicient between riinfall and weights

+ For Damodar catchment—D. T for t = 393 tat 5 9 level {Fisher and Yates 1943 )= +2.02 ;
tat 1%, lovel = 4271
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TABLE 1(a)—conid

Averages Variance of
rainfall (inches)
Date — R Y
Simple Weighted Simple Weighted o o
m Ty average average
V(m) V(m,)
(1) (2) (3) (4) (5) (6) e

BARAKAR CATCHMENT

11-6-49

(3]
=
<]
=]

1-891 0159 0-180 —0-255

25-6-49 0-419 0-368 0-015 0:017 —0-287 _]!;J’::
11-7-49 0:575 0-542 0-027 0:030 —0-139 —0.53
20-7-49 1-442 1-505 0-097 0-110 +0-139 +0 53
22-7-49 1-620 1-520 0-031 0+035 —0-389 —1-58
18-8-49 1-206 1-049 0061 0-069 —0-436 —1-81
16-9-49 1260 1-095 0-066 0-075 —4)- 447 —1-84

17-7-50 0- 966 0-964 0-086 0-098 —0-005 —0-02
28.7-50 1.278 1-440 0-042 0-048 +0-543 Ben
12.8-50 1.027 1-075 0-020 0-023 +0-233 +0-90
30-6-51 2.985 2-800 0-119 0-135 —0-189 i
12-7-51 0-904 0-859 0-085 0-073 —0-122 il
29.7-51 1941 2-129 0-204 0231 +0-286 +1-12
17-8-51 0-487 0- 44 0-016 0-018 —0-240 —0-93
4.7-52 0-984 1-007 0-036 0-040 +0-084 +0-32
Jun 52 7+261 7-544 0-810 0-351 +0-350 +1-40
Jul 52 12.9280 12-795 0-490 0-5655 40505 +2.19
Aug 52 11126 11-700 0-490 0-555 +0-564 L3.58
Sep 52 11-850 12519 0-680 0-776 L0-557 it
52 2.15 2275 <09 268 s
Oct 5 156 5 0:094 0-107 +0-266 +1-03

* y—Correlation coefficient between rainfall and weights

=1

¢ ab Tlcﬁtmimgellm}ili (:j:»,mhma“t_ D.F. for ¢ =14 ¢ ab 5% level (Fisher and Yates 1043) — .
0% lovel=+2-

2:15;

TABLE 1 (b)

Combination test

v
2 X logyy pr Degrees of zat 59 level  zat 19, level
: 4 92 TR e £ o (7]
2 E=1 (lﬂi.“FL:d;ISV) z=4/2%C —\/ 2.1 (Fisher 1048b)  (Fisher 1948b)
Catchment 3= — ——————
log yq¢
2 @ @ (4) (5) (6)

Damodar 28-45 40 —1-356 +1-96
Barakar

5862 40 4-1-04
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of z for both the catchments are nsigni-
ficant at D5 per cent level of significance.
Thus at this usually accepted level of sign-
ficance, on an aggregate, there exists 1o
correlation between rainfall and the corres-
ponding weights and so no real ditferences
between the weighted and simple averages.

this
daily

age, Ilt'(';l,llhl‘

It is, therefore, decided to use in
investigation arithmetic
rainfall instead of weighted ave
the simple average has the advantages of
easy calculation.

average of

3. Average rainfall from smaller network

The simple average caleulated from the
smaller network of selected stations. as shown
in column 2 of Table 2 will hereafter be
denoted by z. The problem that next arises
is whether the mean rainfall z based on the
selected stations represents the true mean
within the acceptable limits of error. In the
ahsence of exact idea of the hypothetically
true mean, the mean m of the complete
network of all awvailable stations in  each
catchment, is taken to represent the true
mean. The problem then reduces to testing
the hypothesis H (z = m).

Before testing this hypothesis the vari-
ance of the rainfall of seleeted network has
heen tested against the variance of the
rainfall of the complete network by applyving

72 test using

1)s?

9
5=

. U

which has »—1 degrees of freedom. The
values of wvariance and x* are shown
in columns 4 and 5 of Table 2. Tt
is seen that the values of 2 are all
insignificant at 5 per cent level of
significance, thus showing that the varia-
nees of the rainfa!l of the s:ected and the
complete network of stations are not signi-
ficantly different. Even then use of the
variance from complete network of stations

K. C. MAJUMDAR axp M. CANGOPADHYAYA

should not be made in testiny the hyvpothesis
H{x = m) ssthat would involve an additional
assumption that this represents
the true variance. Hence Student’s | test has
been applied in testing the

~s ) . . - .
Hir i), in which the exact know ledge of
the true variance is not required.

‘.';i.I‘i;l‘ll,'!‘

Livpothesis

Student’s ¢ has been calculatel for each
of the occasionsconsidered inthe previous
section and shown in column 6 of Table 2.
It 1s seen that none of these values of ¢
exceeds the corresponding value of t at 5 per
cent level of significance. That is to say, the
hypothesis H ( x m) 18 true at 5 per cent
level of significance for all cases. In other
words, «, the simple average of rainfall
from selected stations, can be considered to
be equal tothe true mean, m, for all practical
purposes. Thus mean rainfall of the selected
network of stations can he taken within
reasonable degree of accuracy to be the
repesentative value of the true mean.

4, Confidence limits

Asin the absence of the exact. value of the
true mean confidence limits are of some
practical importance, these limits, m, and
iy, have been calculated using the relations

b

— 1 a9 and

iy = J—'—j—
\/

n

S

50

Vn !

where f 5%, i3 the value of ¢ at the probabili-
ty level 0-05. The probability level chosen
liere being 5 per cent  the chance of the frue
mean being less than or equal to m,, or
being greater than or  equal to my is 97-5
per cent. The values of m, and m, for each
occasion are shown in columns 7 and § ot
Table 2,

Wy — T

(6)

An Example

Various steps of the procelure described
above have heen illustrated in the example
given below :—
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Name of catchment: Barakar
Date: 12-850

8. No.

Name of Thiessen Rainfall
station weight
w; z;

1 Padma 0-66 0-39

2 Barhi 0-52 109

3 Kodarma 0-7 1-50

4 Dhanwar 0-88 1-51

b Parasabad 0-96 1-60*

6 Giridih 0-46 0-40

7 Maithon 0-23 0

8 Bagodar 0-36 1-57

9 Tuladih 0-75 1.00
10 Jamtara 0-48 0-37
11 Barakatha 0-75 1-35
12 Barakar 0-51 1-18
13 Pachamba 0-45 0-62
14 Jamua 0-91 1:30
15 Tundi 1-00 0-47
16 Dumri 0-38 2-08

* Estimated from isoheytal map
Total number of stations N — 16

Number of selected stations n — 9 (first
nine stations of above list)

Averages

My, = 1-075", m = 1-027"
z=1-007", w = 0-625
Corrected sum of squares
Al stations : 5-1530,
Selected stations : 2-9288
Variances (all stations)
Individual rainfall ; o2 — 0-322

Simple  average : V(m) = 0-020,

Weighted average: V (in,) = 0-023

Sample estimate of variance from selected
stations : s = 0-366
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Correlation coefficient between rainfull and
weights

r=10-233
t=0-90 with 14 D.F., which is not
significant at 59, level of significance

pr. = Prob. { ¢ = 0-90 }= 0-192 (for com-
bination test)

Chi-square  for testing variances of selected
stalions

1 = 9-09 with 8 D.F., which is not signi-
ficant at 5%, level of significance

Testing of significance of average based on
selected  stations

t = —0-10 with 8 D.F. which is not signi-
ficant at 5 9, level of significance

Confidence limits

t50, (8D.F.) = 42-306
Upper confidence limit = 1-472
Lower confidence limit = 0-542

5. Conclusion

The difference between the weighted
averages calculated by Thiessen method
and the simple arithmetic averages has
been statistically found on an aggregate to
be insignificant. The simple average has,
therefore, been considered for further study
in this paper, asit has the advantage of
easy calculation,

The simple averages obtained from the
randomly selected network of 14 stations in
the Damodar catchment and 9 stations in
the Barakar catchment, as indicated in
Fig. 1, are all found to be statistically re-
presentative of the true averages. In each
case the variability of the rainfall of the
selected  stations is found not to be signi-
ficantly different from the variability of the
rainfall of the complete network. Confidence
limits to the true averages with 97-5 per
cent degrez of confidence have also been
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TABLE 2

est of significance and confidence limits

Nate Simple tarrecied Confidence limitz
avorage sum ot Varianee i L% P — Ay
squares Lower Uprer
(1) (2) (3) 4 (5) (6) (7 T
DAMODAR CATCHMENT
11649 e : } 7-00 }0-55 1-210 2.052
12.6-49 i oo R ! } 9-65 —0-73 0-230 - 446
25.6-49 -l L } 19-69 1-23 0-304 1-068
11-7-49 :,:':i:' I;I,:ff } 1466 — )25 0-239 0453
21.7-49 e o jr 12-23 L0451 1-020 1 -870
16-8-44 }H:: :f:[ } 18-08 0-19 0403 1-879
27-5-40 Ili,i;:,’ ;j:f?, }, 11-23 022 0-734 1-688
11-6-30 e B b ::'J";‘ } 783 —1-40 1065 1-917
10-7-50) el g+ e } 2231 016 0-061 1-021
T S T TR
29.8.50 ::_f':,f ;T, ::H: } 1330 0-17 000 0508
30-6-51 ] }:i:: s } 1431 0:77 b 715 2,847
1-7-51 :.:,:'\"\' ;'}.\:,7, :::':': }, 14-35 005 0- 545 1631
— 1;'{!: |'l:H-J ‘f“f: } 1703 1-08 (- 532 20136
17-8-51 !,'::;,: 'I".::!, :,:;:;‘,j }. 1429 -1 26 | AL 1-470
Jun 52 ::,‘::T‘ l.l_.j;'j"\'!; :'H""’.. Wlf 1019 | 107 - 050 7773
Tl 52 bhom B : } 1237 2T 16T 14003
Aug H2 :.I.,T;I; 'i!:';.t } 2148 036 a-007 15-221
i Y L e e
Oot 52 t,-;';'; ':'{'E',: f;"’:' }, 0.2y 0- 30 2. 131 4+ 757
#For Damodar catelhment DU for hoth fand 2 190 at 30, level (Fisher and Yates 1943) 2100
fat 19 level= L3002 »* al 59, level (Fisher and Yatles 1813} =22.36 ¢
22 ar 17, level 27 G4 .
Figures in fivst row ol columns 2.3 a4 aeainst cach date refer to all raingauge stations, while ligures in

second row to seleetwl stations




TABLE 2 (conid)

REPRESENTATIVENESS OF AVERAGE RAINFALL ETC

Date

(1)

11-6-49
25-6-49
11-7-49
20.7-49
22.7.49
15-8-49
16-9.49
17-7.50
28-7-50
12.8-50
30-6-51

12-7-51

20.7.5

17-8-51
1-7-52
Jun 52
Jul /2
Aug 52

Sep 52

Qct 52

Simple Corrected
average sum of Variance y daad
squares’
(2) (3) (4) (5)
BARAKAR CATCHMENT

2.039 40-74 2:546 5-95
2-183 15-14 1-892 f 7
0419 3-82 0-259 .
0+560 2.92 0-365 L
0-575 6:78 0-424 )
0-487 3-65 0-456 f 380
1-442 24-93 1-558 9.5
1-204 15-20 1-900 v
1620 708 0499 »
1-469 4:22 527 } Sres
1-206 15-70 0982 r
1-328 11-27 1-400 } 11-49
1-260 16-94 1-039 & 2
1-106 578 0-722 } Se 48
0966 22-06 1:379 .
0801 11-77 14711 f 808
1-278 1079 0-674 011
1425 414 0-768 J £
1-027 5-15 0-322 900
1-007 2:93 -366 f i
2985 30-55 1-909 10+ 50
3052 20-22 2-528 [ i
0- 904 16-55 1-034 80
0-836 5:53 0692 b
1-941 52-12 3-258 11-88
1-667 1371 1-714 f >3
(- 487 407 0-254 7 ;
0530 2-82 0-353 f 11009
0- 954 9-11 0569 L-58
0-966 660 0-824 &
7-261 7924 4-953 8.4
7-376 11-85 5-232 f ;
12280 125+ 56 7847 14-43
12-212 113-24 14-155 *
11126 12542 7-830 .l
11-564 75055 9-443 | Lt
11-850 17416 10-885 i
12:073 12074 15-092 f :
2-156 24-18 1-511 5. 50
1-927 845 1056 &

¥

(6

+0-31
+40-70
—0-:39
—0-52
—0-62
+0-33
—0+54
—0-41
#0-51
—0-10
— 13
—0+25
—0-5HY
4022
- 06
-0-15
005
4043
—=0-17

—0+ 67

Confidence limits

Lower U}‘}Jt‘l"
(7) (8)
1126 3240
0-96 1-024
0-0 1-006
0-144 2+264
0-911 2-027
0-416 24240
0-4563 1-759
00 1-733
0:-7564 2:102
0-542 1-472
1830 4-274
0197 1:475
1-029 2:305
0-075 0-987
0+ 268 1664
5618 9134
1320 15+ 104
9202 -13-926
0087 15050
1-137 2.717

[

»

*For Barakar catchment—D.F. for both ¢ and ¥x* is B3 7at 59 level = - 2:306;

Figures in first row of columns 2, 3 and 4 against cach date refer to all raingauge stations, while figures
second row to sciected stations

tat 19 level = 1:3-355; 7 at 5% level = 15:51; y2 at 195 level = 20-09
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calculated for each case. The idea of confide-
nee limit may be useful for reservoir opera-
tions, when the reservoir level iz critical,
that is to say towards the end of mensoon
when the reservoir is full, the
operating unit may like to consider the
upper confidence limit of average for safety
while in the dry season, it may like to have
an idea of the lower Jimir,

reserve T

For the purposes of daily reservoir opera-
tiens of the two flood control dams it will
thus be encugh to estimate the average
rainfall separately for each catchment,
Damodar and Barakar, from the network of

selected stations. Since the number of stations
lLias been cut down greatly it is obvious that
the network and method suggested will not
only minimise labour but will also reduce
permanent  recurring organisational ex-
penditure. The confidence limits to the true
average in each individual case may also be
calenlated, if necessary, strictly in accordance
with the procedure shown in the example,
It should, however, be pointed out that
the data from all the above mentioned
selected stations in the respective catchments
must he taken into account in calculating
the averaze rainfall and the confidence limits
for ench of the catchments.
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