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ABSTRACT. Onset of monsoon for each year of the period from 1961 to 1986 over the Upper Mahanadi
basin has been studied taking into consideration the sharp increase in water levels of the Hirakud reservoir. This
study has shown that there are positive and negative time-lags in the arrival of monsoon run off into the reservoir.
It has been seen that positive time lags are due to antecedent condition of the basin before the onset of monsoon
while negative time-lag appears to be due to pre-monsoon thunderstorm activity which causes reservoir levels to

increase before the onset of monsoon. Attempt has been made to discuss all these cases briefly. It has been seen
that on a majority of occasions monsoon runoff has reached the reservoir with a time-lag of 1 to 4 days.
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1. Introduction

In declaring onset of monsoon over a given region or
a part of the country, India Mezteorological Department
(IMD) meteorologists are guidad by seveial considera-
tions such as, (a) sharp increase in rainfall activity cover
and near the region. (b) increase in humidity and de-
crease in temperature, (c) change in przvailing wind
direction, etc. In recent years, satcllite cloud pictures
are also a valuable aid in predicting the advance of
mensoon over different parts of the country. As early
as 1940, IMD (1943) had przpated maps of the country
showing isolines of normal dates of onset and withdrawal
of monsoon over diffzrent parts of the country. Ac-
cording to Rao (1976), these isolines of normal dates are
based upon sharp increase or dscrzase of rainfall as
shown by 5-day mean rainfall and changes in the circu-
lation pattern. In this connection, it has been said that
whatever may be the uncertainty in forecasting monsoon
advance, actual onset can generally be fixed within
acceptable limits.

Now-a-days, with advanced techniques and due to
availability of satellite pictures, day to day progress of
monsoon over different parts of the countiy can be
determined accurately, This information is also shown
by IMD on maps which aie published in their different
weather bulletins. A sample map showing the actual
onset dates of 1989 maonsoon (Mausam 1990) is shown
in Fig. 1. From this map datz of onset of monsoon
over a particular region or any part of the country can
easily be determined.

On the basis of meteorological considerations stated
above, it has been found that in this country monsoon
normally sets in first over south Kerala on 30 May and
moves to north Kerala by 1 June (Ananthakrishnan and
Soman 1988). It has also been seen that it takes nearly
one and a half month for the monsoon to cover the
entire country. There have been, however, occasions
in the past when onset of monsoon over Kerala was as
early as 7 May in the year 1918 and as late as 22 June in
the vear 1972, Incidently, both these years were severe
drought years for the country as a whole.

In the present study an attempt has been made to find
out the lag-tims between the onset of monsoon over the
upper Mahanadi basin and the reservoir build up due
to inflow of monsoon run off. Such information, if it
could be obtained for other major reservoirs located in
various parts of the country can give us an idea of the
basin characteristics, like soil-vegetal characteristics,
time of concentration, antecedent condition of the basin,
etc.

2. Monsoon onset over upper Mahanadi basin

In the present study, the basin under consideration is
the upper Mahanadi basin whose area is about 82,880 sq
km (Thomas 1990) and which is located in the meteoro-
lcgical sub-division of east Madhya Pradesh and in the
adjoining districts of west Orissa. A multi-purpose dam
has bzen built about 15 km northwest of Sambalpur in
Orissa on the Mahanadi river (Fig. 2). The dam was
completed in 1956 (Thomas 1990) and is known as the
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TABLE 1

Dates of onset of monsoon over the upper Mahanadi basinand EMI
into Hirakud reservoir (1961-86)

Monsoon Date of
Year onset date EMI into Time-lag
as per IMD’s Teservoir (days)
maps
1961 6 June 10 June -4
1962 11 July 11 July 0
1963 12 June 15 June -3
1964 25 June 27 June +2
1965 20 June 27 June -7
1966 18 June 19 June +1
1967 18 June 20 June L2
1968 20 June 28 June +8
1969 1 July 1 July 0
1970 11 June 10 June —1
197 5 June 6 June +1
1972 24 June 30 June 6
1973 14 June 28 June 14
1974 18 June 2 July L 14
1975 20 June 24 June -
1976 27 June 10 June —17
1977 22 June 22 June 0
1978 21 June 25 June |4
1979 26 June 30 June ~4
1980 21 June 20 June —1
1981 23 June 3 July {-10
1982 13 July 15 July -2
1983 28 June I July -3
1984 12 June 14 June +2
1985 26 June 1 July 5
1986 21 June 20 June —1
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Fig. 1. Actual and normal dates of onset of southwest monsoon
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Fig. 2. Index map of upper Mahanadi catchment showing impor-
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Fig. 3. Graphical representation of sharp rise in reservoir
levels after the onset of 1981 monsoon
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Fig. 4(a). Average rainfall (cm) for the upper Mahanadi catchment a few days before and after the IMD and reservoir
onset dates of monsoon for the period 1961-1974
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Fig. 4(b). Average rainfall (cm) for the upper Mahanadi catchmenta few days before and after the IMD and reservoir
onset dates of monsoon for the period 1975-1986
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Hirakud dam and the reservoir formed by the dam is
also known by the same nams. The normal dates of
onset and withdrawal of monsoon as picked up from
IMD (Rac 1976) maps of this region are about 12 June
and 7 October respectively, From these dates it can be
said that the normal duration of monsoon over this
basin is of the order of 117 days.

3. Effective monsoon inflow (EMI) into Hirakud reservoir

The Hirakud dam autheritics have been taking daily
observations of water levels of the reservoir. After the
monsoon onset over the basin, there is a sharp increase
in the reservoir level due to inflow of large volume of
water caused by monsoon rainfall over the basin. Subse-
quently, when monsoon withdraws from this region,
there is a sharp decrease in the flow of monsoon 1un off
into the reservoir. The dam authorities have recorded
for each year both these datzs of sharp increase and
decrease of reservoir levels from 1961 onwaids. The
increase in 1eservoir levels duc to monsoon run off has
been called as ‘Effactive Monsoon Inflow’ (EMI) by the
dam authoritics. Fig. 3 shows the ‘EMU date lor the
1981 monsoon as 3 July wheareas the actual monsoon
onset over this region/basin was on 23 June as p2r IMD
records. The sharp risz in the reservoir levels due to
inflow of monsoon run off is quite evident from Fig. 3.
Knowing the EMI dates of onset and withdrawal of
monsoon for the reservoir over a period ¢f 26 years from
1961 to 1986, the dam authoritics have worked out
average onset and withdrawal daies of monsoon inflow
(i.e., EM]) into the reservoir as 24 Junz and 14 October
respectively and the averagz dwation of EMI into the
reservoir as 111 day. (Paitaraik 1987). Considering
IMD’s normal dates of monsoon onset (fe.. 12 June)
and withdrawal (i.e, 7 Octobar) over this region,the total
duration of monsoon period in a normal year works
out to be 117 days. In other words, on an average,
there is a difference of about 6 days between durations
of actual monsoon and EMI so far Hirakud rescrvoir is
concerned.

4. Year to year time-lag variations between the dates of monsoon

onset and EMI

Data of actual dates of ‘EMI" of 26 years from 1961
to 1986 used in this study wzre obtained from the
Hirakud dam authorities (Pa‘tanaik 1987). Fer each
of these years actual monsoon onset datss over this
region were picked out fiom IMD’s Indian Daily
Weather Reports (IDWRs) of the peried. These dates arc
given in Table 1.

It is seen from Tabl: | that for the period considered
in this study, the actual monsoon onset dates declared
by IMD varied from 5 June in 1971 to 13 July in 1982
whereas ‘EMI’ dates varied from 6 June in 1971 to
15 July in 1982, For cach of the 26 years, the time-lags
(in days) between the actual monsoon onset and “EMI’
dates were worked oui and this data have also been
given in Table 1. 1t has been found that there have
been two types of timo-lags. The first tvpe of time-lag
is when the actual mcnsoon onset date 1s well befure
the date of ‘EMI’. Such time-lags arc considered in
this study as positive, bzcause EMI can normally occur
after the monsoon hes set in over the basin. The se-
cond type of time-lag is when there is a sharp increase
in the reservoir levels before the actual onset of monsoon
and this type of time-lag has been called as negative,
because increased inflow into the reservoir was caused

by rainfall which apparently was not of monsoon origin.
This can happzn due to widespread pre-monscon thun-
derstorm activity over the basin. Sometimes the decla-
ration of monsoon onset can be delayed on technical
grounds but such delays can hardly be of | or 2-day
duration only.

5. Discussion of time-lags between dates of monsoon onset and EM1

In order to examine positive and negative time-lags,
daily average basin rainfall was taken into considera-
tion for about a week or so before and after the monsoon
onsct date over the basin/region and arrival of *EMI’
into the reservoir. In working out the average daily
rainfall for the uppeir Mahanadi basin (see Fig. 2), the
daily rainfall data of the following nine representative
stations within the basin was considered :

Raipur, Kankcr, Pithora, Pendra Road, Champa,
Raigarh, Hirakud, Sambalpur and Titlagarh.

In Figs. 4(a & b) daily average basin 1ainfall has been
plotted for cach day of all the years as bar diagrams, a
week or so before and after the monscen onsct date over
the basin. Inthe bar diagrams of Figs. 4 (a & b) “IMD”
stands for the monsoon onset date given by the India
Met, Dept.and **R”stands for the arrival date of “EMI”
into the Hirakud reservoir.

It may be worthwhile to mention here that time-lag
between the rainfall caused by monsoon cnset and its
subsequent conversion into run off and its travel from
the farthest end of the basin to the reservoir will depend
upon basin characteristics, such as :

(a) soil-vegetation characteristics of the basin,
(b) size and slope of the basin,
(c) antecedent conditions of the basin and

(d) intensity, duration and magnitude of rainfall
associated with monsoon onset.

From Figs. 4 (a & b) and Table I, it is seen that during
the 26-year period, on 12 occasions, monsoon run off
has taken 1 to 4 days to reach the reservoir after the
onset of monsoon was declared by IMD. For three
vears, i.e., 1962, 1969 and 1977, monsoon onset dates
and EMI dates were found to be same. In these three
cases it was seen that heavy rain occurred before and on
the onset date at stations close to the dam site and hence
the duration of time-lag was reduced to almost zero.
The years 1970, 1980 and 1986 have shown 1-day negative
time-lags, meaning thereby that reservoir levels started
increasing a day before the onset of monsoon. This
was perhaps due to pre-monsoon thunderstorm activity
or the onset date declaration was delayed by a day or
so. Figs. 4 (a & b) show that there was considerable
rainfall activity over the basin prior to arrival of
monsoon,

Time-lags of longer duration of 5 days or more have
also been indicated in Table 1. It has been rcen in all
such cases that long time-lags were either cue to dry
antecedent condition of the basin, as there were long dry
spells before the onset of monsoon or in some cases mon-
scon current over the region was weak which had caused
little rainfall over the basin. This happened specially
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in the years 1973 and 1974 when there was a time-lag of
—-14 days for each of these years. There was quite a
different picture in 1976 in which year the time-lag was
of the order of —17 days. In this case it was observed
that water level in the reservoir started increasing from
10 June while the actual monsoon set in over the basin
on 27 June. As can be seen from Fig. 4(b), the basin
experienced light to moderate rainfall activity from 3
June to 8 June and this 1ainspell was, perhaps. res-
ponsible for causing increase in reservoir levels by 10
June. There was again another spell of light rain cver
the basin from 16 to 20 June, which kept the reservoir
level increasing while the actual monsoon arrived over
the region/basin by 27 June.

6. Summaryand conclusions

This study has shown that in the case of Hirakud
reservoir, in majority of cases, monsoon run off reaches
the reservoir within a time-lag ranging from 1 to 4 days
after the actual onset of monsoon over the upper Maha-
nadi basin, provided monsoon continues to be active
over the region after it has set in. In years when the
basin experiences widespread pre-monsoon thunder-
storm activity, the reservoir starts building up even before
the actual onset of monsoon.
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