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A study of the errors in the areal mean rainfall arising
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ABSTRACT. This is an experimental study of the mean errors in the areal rainfall in situations
of missing observations. The area selected is Amravati district in Vidarbha having a very good net-
work of raingauges and the periods considered are the months June to September and the monsoon
season, Errors in the areal rainfall have been examined separately in each of the five situations when
any one, two, three, four or five stations are missing in each year, and histograms of the percentage
relative error have been given, and extreme values of the percentage relative error have been brought
out. Limits on the deciles of the error distribution have been obtained. Percentage Root Mean Square
Error (RMSE) has also been computed for the typical monsoon month, July, and for the monsoon season
for each of the situations of one, two, three, four and five stations missing randomly in space and
time; the same for July is found to vary from 2.8 to 8.8 per cent as the number of missing observations
varies from one 10 five, and for the season 2.2 to 7.0 per cent. Finally the percentage RMSE has been

computed in a situation when the number of missing stations (zero to five) is random and the miissing ~
of stations is random in space and time; this error for the typical monsoon month, July, is 6.2 per cent

and for the monsoon season, 5.6 per cent.

1. Introduction

For a planning of the water resources and for
a proper appraisal of the occurrence and spatial
" distribution of rainfall a good network of rain-
gauges and a complete record of all the gauges
for a reasonably long period are essential. The
problem of minimum network of raingauges
necessary for a proper appraisal of the occurrence

of rainfall during the pre-monsoon, monsoon and
post-monsoon seasons was examined by Rai Sircar
and Hariharan (1954). They considered daily
rainfall occurrence over an area of 80 km radius
(about 20,000 sq km) around Calcutta, Delhi,
Bangalore and Tiruchirapalli during the period
1941-45. The number of raingauge station varied
from 27 to 50. They found that the occurrence
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Fig. 1. Amravati district and the raingauge stations

or non-occurrence of rainfall on any day could
not be adequately described for the ‘area on the
basis of the central station alone and that a
certain minimum network was necessary for ade-
quately describing the occurrence or non-occur-
rence of rainfall. The study was conducted for
the purpose of examining the existing criteria for
the assessment of rainfall forecasts for the small
arcas included in the Farmers' Weather Bulletins.
Hariharan (1956 a) extended this study to areas
of the same size around Ahmedabad,” Ahmeda-
nagar, Bijapur and Nizamabad where the number
of raingauges varied from 11 to 25; however, the
study was confined to the monsoon season only.
In another study, Hariharan (1956 b) examined
the spatial distribution of daily rainfall over the
then meteorological sub-division of south Hydera-
bad (presently, part of north interior Karnataka
and part of Telangana) during the monsoon sea-
sons of the years 1941-43 on the basis of data
from 6 observatories and from 23 raingauges.
The categories of the spatial distributions consi-
dered were widespread, fairly widespread, local,
scattered and no rain. In addition, he considered
siX intensities of the mean daily rainfall for the
sub-division on the basis of the data from the
observatories as well as the data from the rain-
gauges. Through contingency tables he brought
out the agreement between the two sets of net-
works in respect of the spatial distribution and
the rainfall intensity. The agreement was found
to be 57 and 50 per cent respectively.

Bhalla and Narayanan (1978) have examined
the question of minimum network for representa-
tive areal rainfall over a district for weekly and
fortnightly periods during the monsoon season,
using multiple correlation approach. They used
rainfall data for the period 1940-70 for the
available stations in three selected districts, The
number of available stations in the districts varied
from 7 to 11. They found that it is possible to
select a suitable network accounting for 95 per
cent of the variance in the average rainfall over
the district,

In spite of the best efforts to maintain the
complete rainfall records of all the observatories
in an area, we have to face the problem of a
part of the records missing in space and time.
This situation results in errors in the areal mean
rainfall. While planning for water resources of
an area it is essential that we should have an
estimate of the error introduced by missing re-
cord. The main purpose of this study is to obtain
an estimate of the mean errors in the areal rain-
fall of a district in different situations of missing
observations, The study is of an experimental and
exploratory nature.

2. Area of study and rainfall data used

The area considered is Amravati district in the
meteorological sub-division of Vidarbha. Fig. 1
shows the location of Amravati district in Vidar-
bha sub-division and the 13 raingauge stations.
The area of Amravati district is 12,200 sq km.
The monthly rainfall data for these stations are
available for the period 1901-70 except for a
few gaps which were filled up by the “normal
ratio method” as suggested by ~Paulhus and
Kohler (1952) and McDonald (1957). Data in
punched card form were obtained from the oflice
of the Deputy Director General of Meteorology
(Climatology & Geophysics), Pune,

3. Variability in space of rainfall over the district

In any particular month of an year rainfall
varies even over a small area of the size of a
district. It is necessary to know about this varia-
tion when we are considering errors arising out
of missing observations. To make the rainfall at
a place comparable with that at other places, it
has been expressed as percentage departure from
long-period mean, i.e., the normal. This has been
done for all the stations over the area for the
months June to September and for the monsoon
scason and for each of the years during the
period 1901-70. The results, however, are being
presented only for the typical monsoon month,
July, and for the season.

In each of the years, the highest and the lowest
percentage departures from normal over the area
are noted for July and the season along with the
numbers of the stations recording these. Fig. 2(a)
shows the highest and the lowest percentage
departures of July rainfall from normal over the
area in each of the years during the period 1901-
70. Similar departures for the seasonal rainfall
are given in Fig. 2(b). Quite large variations are
noticed. For example, during 1949, the highest
and the lowest percentage departures from normal
for July rainfall are 151 and — 21 respectively.
The corresponding values for the seasonal rain-
fall during 1964 are 40 and — 59 respectively.
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Fig. 2(a). Highest and lowest percentage departure of July rainfall from normal over
Amravati district in each of the years during the period 1901-70 (Highest-

comtinuous line, lowest-broken line)
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Fig. 2(b). Highest and lowest percentage departure of monsoon seasonal rainfall from
normal over Amravati district in each of the years during the period 1901-70
(Highest-continuous line, lowest-broken line)

TABLE 1

Resuits of application S-E and M-K tests to the series
of locations of highest as well as lowest percentage
departure of July and seasonal rainfall from

normsl over Amravati district

Test statistic

Series Period of - A &

rainfall S-E M-K '

Location of highest
percentage departure July 41 —0.13
Do. Season 39 —0.08

Location of lowest
percentage departure July 43 —0.06
Do. Season 34 —0.09

The location of the ocgurrence of the highest
as well as the lowest percentage departure of
rainfall from normal over the area in different
years has been examined for randomness or
otherwise. This has been done for July and sea-
sonal rainfall. Swed and Eisenhart's (S-E) test
of runs above and below the median and the
Mann-Kendall (M-K) rank statistic test for ran-
domness against trend has been applied to the
series of station numbers recording the highest
percentage depature of rainfall and also to the
gerics of station numbers recording the lowest
percentage depature of rainfall. The results of
the tests are given in Table 1. As seen from

the statistical tables by Owen (1962), for
m=n= 35, 5 and 95 per cent confidence limits
on the number of runs above and below the
median are 28 and 43 respectively. The actual
numbers of runs obtained is within these limits
and as such no non-randomness is suggested by
this test. The value of the M-K test statistic
lying in the interval 4~ 0.15 is not significant at
5 per cent level. All the four values of the M-K
test statistic are not significant at 5 per cent
level. Results from both the tests suggest that
the location of the highest as well as the lowest
percentage departure of July/seasonal rainfall
from normal is random over the area of Amra-
vati district. Thus, the occurrence of the highest
or the lowest percentage departure of rainfall
from normal over the area is not confined to a
few specific stations.

4. Examination of the errors in areal rainfall

In this study, the errors in the areal rainfall
of Amravati district arising as a result of using
networks with 1, 2, 3, 4 and 5 stations missing
have been considered. The total number of net-
works with / missing stations is ( “:. ). Hence the
numbers of networks with 1, 2, 3, 4 and 5§
stations missing are 13, 78, 286, 715 and 1287.
For each of these several networks, areal rainfall
kas been computed for June, July, August, Sep-
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Fig. 3. Extremes of the percentage relative error in
areal rainfall. Subscript of M denotes the
number of stations missing
TABLE 2
Limits on the highest and lowest relative error in
areal rainfall (expressed as per centage of
the areal rainfall)
M, M, M, M, M,
Ay A e A A
U LUL U LUL UL
(a) Highest
Jun 8 6 16 4 24 6 34 7 42 9
Jul 8 4 12 017 0 23 -1 30 -2
Aug 7 0 15 -1 23 -3 33 -4 43 -6
Sep 8 5 17 6 26 6 35 7 44 8
Season 6 -1 10 -2 13 -5 16 -6 22 -6
(b) Lowest
Jun -6 =35 -7 -40 -7 -44 -7 -48 -8 -52
Jul -3 -20 -2 -29 -1 -31 -1 -33 -1 -35
Aug -2-25 -1-38 2-42 2-50 3-53
Sep ~4 -26 -4 -34 -5 -39 -5-43 -5 _50
Season -1-13 0-20 1-23 3-26 4 -29

Note — M,, M,, M;, M,, M, denote 1, 2, 3, 4, 5 stations
missing respectively and U and L are upper and
lower limits.

tember and the monsoon season (June to Sep-
tember) for each of the years 1901-70. Here-
after, the months June to September will be

referred to as the monsoon months and the mon-
soon season as the season. Areal rainfall obtained
hy using all the 13 raingauge stations has been
taken as the correct areal rainfall and error is
obtained in each of the cases of missing station(s)
and the same is expressed as a percentage of the
correct areal rainfall. Hereafter, this error will
be referred to as Percentage Relative Error
(PRE),

4.1. Extremes of percentage relative error

We have 13 networks with one station missing
and 70 years’ data. This gives 910 PREs. The
highest and the lowest of these have been noted.
In the same way, the highest and the lowest
PREs have been obtained when 2, 3, 4 and 5
stations are missing. Fig. 3 shows these extreme
PREs for the monsoon months and the season
when the number of stations missing is 1, 2, 3,
4 and 5. It is seen that the range of extremes
increases with the number of missing stations.
Amongst the monsoon months, the range of
extremes is much smaller for July than that for
each of the remaining months, and for each of
the situations of 1, 2, 3, 4 and 5 stations missing.
The range of extremgs for June, August and
September generally differs little from each other,
for each of the situations of missing stations. For
the. monsoon season, the range is much lower
than that for July.

4.2. Limits on the highest and the lowest
percentage relative error

Corresponding to each of the 13 sub-networks
with one station missing we get a series of PREs
and this series contains 70 terms. We note down
the highest for each of the 13 series. From these
13 values we obtain the upper and the lower
limits on the highest error, In the same manner
we obtain the upper and the lower limits on the
lowest error. It may be noted that the upper limit
on the highest error and the lower limit on the
lowest error are the extremes as discussed in the
preceding sub-section. Proceeding in the same
way, upper and lower limits on the highest and
the lowest values have been obtained when 2,
3, 4 and 5 stations are missing. These upper and
lower limits are given in Table 2 for each of the
monsoon months and for situations of 1, 2, 3, 4
and 5 stations missing. In Table 1, M,, M., M,
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TABLE 3

Limits of deciles of the distribution of error in the
areal rainfall expressed as percentage of areal rainfall

M, M, M, M, M,

Decile e —t— Ay
T 0T VI oT UL
June
1 =7 -1-12 -1-15 -1-19 -2-21 -1
2 -5 0 -8 0-10 0-13 1-17 1
3 -5 1 -6 2 -8 3-11 3-13 4
4 4 1 6 3 -7 4 -8 5-10 6
5 -3 2 4 3 -5 5 -1 1-8 1
6 -3 2 4 4 4 6 -5 8 -6 10
7 -2 3 -3 5 4 7 -4 9 -4 12
8 0 4 -1 6 -2 9 -1 11 -1 14
9 2 5 1 8 111 116 1 19
July
1 -12 0-19 1-21 2-24 3-271 4
2 -10 1-15 2-19 3-21 5-22 17
3 -9 1-14 2-16 4-18 6-19 9
4 -8 1-13 3-15 5-16 7-17 9
5 -7 2-11 4-13 6-14 8-16 11
6 -1 2 -9 4-11 6-13 9-13 12
7 -6 3 -8 6 -9 8-11 11-12 14
8 -5 3 -7 7 -8 10-10 14 -10 17
9 -3 4 4 8 6 12 -6 16 -8 20
August
1 -16 0-26 2-31 4-35 6-37 8
2 -14 1-23 3-27 6-30 8-33 11
3 -12 2-22 4-25 7-25 10-28 14
4 -11 3-20 5-22 8 -24 11-25 15
5 -10 3-16 6-20 9 -22 13 -23 17
6 -10 3 -15 7-17 10-20 14 -22 18
7 -9 4-14 8-15 12 -17 15-29 20
8 -7 4-11 8-13 13-15 17 -15 23
9 -6 6 -8 10 -10 15 -11 21 -13 28
September
1 -14 -1-21 0-24 0-27 0-28 1
2 -12 0-17 1-21 2-22 3-25 4
3 -10 1-14 2-16 4-18 5-20 7
4 -7 1-12 3-15 5-15 7-18 10
5 -7 2-10 4-11 6-13 9-14 12
6 =5 3 -7 5 9 8_-11 11-13 14
7 -5 3 6 6 -7 9 -9 12-10 16
8 =3 4 4 7 5 11 -6 15 -7 18
9 -2 5 -2 9 -2 12 317 -4 >
Season
1 <10 0-16 2-18 3-19 5.21 7
2 -9 1-14 2-16 4-18 6-19 8
3 -8 2-13 3-15 5-16 7-18 9
4 -8 2-12 3-14 5-16 7-16 10
5 =7 2-11 4-13 6-14 8-15 10
6 =7 2-10 4-12 6-14 9-14 12
7 -6 2 -9 5-11 7-12 10-12 13
8 -6 3 -8 5-10 8-I1 11-12 14
9 -5 3-7 6 -8 9 -9 12_.10 16
Note — M,, M,, M,, M,, M, denote 1, 2, 3, 4, 5 stations

missing respectively and L & U are lower and
upper limits
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Fig. 5. Percentage RMS error in areal rainfall. Subscript of M
denotes the number of stations missing randomly

M., M; denote 1, 2 3, 4, 5 stations missing res-
pectively. It is observed that the limits become
wider as the number of missing stations increases,
and that the limits for the lowest error are wider
than those for the highest error. Amongst the
months, the limits for July are narrower than
those for the remaining months and those for
the season are narrower than those for July.

the error

4.3. Limits on the deciles of

distribution

The upper and the lower limits on the deciles
of the error distribution were obtained in the
same manner as those for the highest and the
lowest error. These are given in Table 3 for the
deciles 1 to 9. These limits become wider as the
number of missing stations increases.

4.4, Empirical probability distribution of the
PREs

The probabilities of errors lying in different
ranges have been computed for each of the
monsoon months and for the season for the situa-
tions of 1, 2, 3, 4 and 5 stations missing. These
are shown in Fig. 4 by histograms, It is seen that
the error which is predominantly confined to
range —7.5 to 7.5 per cent when 1 station is
missing spreads out when the number of missing
stations increases. This holds for each of the
monsoon months and for the season. The proba-
bility of the error lying in the interval — 2.5 to
-+ 2.5 per cent is highest for July, being even
higher than that for the season. It is noticed
that for July the probability for the error lying
in the interval —2.5 to+ 2.5 per cent falls
sharply from the situation of 4 missing statjons
to the situatipn of 5 missing stations. The error
distributions are generally symmetrical as ex-
pected.

4.5. Root Mean Square Error (RMSE) when
stations are missed randomly

So far, we considered all the cases arising out
of ecach of the five situations of any 1, 2, 3, 4,
and 5 missing stations, every year and obtained
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Fig. 6. Relative percentage error in each year when the number of missing stations is random and

stations missed are random in space and time

the errors in areal rainfall. We shall now consider
separately situations when 1, 2, 3, 4 and 5 sta-
tions are missed randomly and obtain the RMSE.
To start with, we obtain a series of networks of
70 terms in such a way that one station is missed
randomly in space and time, i.e., which of the
13 stations will be missed and when it will be
missed are both random. This series of networks
is made to corréspond with the series of the years
1901 to 1970, and the areal rainfall is calculated
for each of the years. From this areal rainfall
series PRE is obtained for each of the years for
the typical monsoon month, July, and for the
season. In the same manner, PRE is obtained for
July and for the season in each of the situations
of 2, 3, 4 and 5 stations missing randomly in
space and time. From these PREs, RMSEs are
computed for July and the season for the situa-
tions of 1, 2, 3, 4 and 5 stations missing
randomly. These are showing Fig. 5. The figure
shows that RMSE varies from 2.8 to 8.8 per
cent, for July and from 2.2 to 7.0 per cent for
the season, as the number of stations missing
randomly varies from 1 to 5. RMSE increases
with the number of missing stations; however,
the rate of increase falls off slowly.

Finally, we consider a series of networks of
70 terms in which the number of stations miss-
ing randomly in space and time may be anything
from O to 5. This series of networks is made to
correspond with the years 1901-70, and PRE is

obtained for each of the years for July and for
the season and the same is shown in Fig. 6 for
July and for the season along with the RMSE.
For July, in most of the years, the error is bet-
ween — 8 and | 8 per cent; however, in a few
years the error has attained the values 4+ 13 and
—17 per cent. For the season, the error lies
mostly between — 6 and 4 6; however, in a few
years the error has touched + 9 and —19 per
cent. The RMSEs for July and for the season
are 6.2 and 5.6 per cent respectively.

5. Conclusions

(i) For July, the extreme percentage errors
are (48, —20), (412, —29), (417, —31),
( 423, —33), ( +30, —35) for 1, 2, 3, 4 and
5 missing stations respectively; for the other mon-
soon months, the extreme errors are higher in
magnitude, but those for the season are smaller

(ii) If the number of missing stations is fixed
and the stations are missed randomly in space
and time, then the RMSE wvaries from about
3 to 9 per cent for the typical monsoon month,
July, and from about 2 to 7 per cent for the
season, when the number of missing stations is
increased from 1 to 5.

(iif) 1f the number of missing stations varies
randomly from O to 5 and the stations are missed
randomly in space and time, then RMSEs for
July and the season are near 6 per cent.
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