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Using néw empirical formula, water balance has been studied over some Indian
stations.

Estimation of water balance is made by a method suggested by Thornth-
waite; but the potential evapotranspiration (PE) values used in this method
are obtained using the formula, PE = E + F, where E is the pan evaporation
which is obtained using Reddy and Rao (1973) formula and F is the function for
the conversion of pan evaporation to potential evapotranspiration for different
regions; F depends upon soil type and vegetation.

Water balances have been worked out for some stations widely distributed
over India, using (i) normal data, (ii) one drought year’s data (weak monsoon)
and (iii} one succsssful monsoon year’s data.

WATER BALANCE

Moisture Index

Since the moisture available to plants depends not only on the amount of rainfall
but also on the evapotranspiration losses; a detailed analysis of various climatic
types is necessary to investigate the hydrological balance of the region under
consideration. One of the widely accepted methods for this type of study is
obtaining an index of precipitation effectiveness. Thornthwaite (1948) intro-
duced the potential evapotranspiration (PE) which is defined as the total amount
of water that would evaporate and transpire if it were always available for full
use. The numerical values of water surplus and water deficiency depend upon
precipitation (P) and PE, where P is treated as income and PE as expenditure
while the moisture stored in soil is a sort of reserve capable of being drawn as
long as it lasts. Due to non-uniform distribution of P through the year, a region
may experience water deficiency in one season and a surplus in another. Taking
these moisture parameters into consideration Thornthwaite (1948) has defined
effective precipitation as :

I, = (100 W, — 60 W)/M ... (1)

where I, = the moisture index (non-dimensional parameter), W, and W, =
annual water surplus and deficiency respectively, and M = annual water
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need (or PE), the positive values of I, represent moist climates and negative
values represent dry climates [for details see Subrahmanyam’s (1953) paper].
The intensity of drought (D) has been obtained as :

DI() = I(i) — L(N) .(12)

where I,(i) and I,(N) respectively stand for the moisture indices of the year i
under consideration, and the normal value (&).

The most important element to be estimated (as the observed data are not
available) for the study of the above two indices is the potential evapotranspira-
tion. This is dealt in (1.2).

Potential evapotranspiration (PE)

A number of formulae have been derived for the estimation of PE from meteo-
rological data. It is generally accepted that the formula evolved by Penman
(19485, 1962) is more appropriate for the estimation of PE, for studies in India.
However, it was observed by Gangopadhyaya er al. (1970) and later by Reddy
and Rao (1973) that Penman’s formula is not applicable for the estimation of eva-
poration under Indian conditions. Hence, a new equation for the estimation
of evaporation (E) was suggested by Reddy and Rao (1973) and found good under
Indian climatic regimes. Since the observed data for PE are not available, an
indirect approach has been followed to get the formula for PE by applying a
correction to E values. This is given as follows:

PE=E+F ..-(1.3)
where PE = potential evapotranspiration, in mm/day; E = pan evaporation
(Class A—covered with wire mesh), in mm/day; and F = correction factor, in

mm/day.
In the above equation, values of £ can be estimated using the formula of
Reddy and Rao (1973). The correction factor F can be obtained as follows:
It is known that Penman’s (19486, 1962) formula given under pan evapora-
tion (Ep) when used with the proper values for ‘o’ the reflection coefficient, appro-
priate to the vegetative cover and aerodynamic term gives the potential evapo-
transpiration, PE,. Therefore, the correction factor is taken as:

F = PE, - E, . (1.4)
in which
1
—_ A U
== — — 4 -_—
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[For details of E, see Gangopadhyaya et al. (1970) and for PE, see Rac et al.

1971)].
Therefore, finally F can be written as:
F=-— 59(‘; f’ 0175 (ea — €) (L5
r/A) (14 A/
where
R, = total solar radiation, in cal/cm?/day; (The accuracy with which this
can be estimated has been discussed by Reddy-and Rao (1973)].
a’ = [reflection coefficient of vegetative cover (a,) — reflection coefficient
of open water (a3)];
e, = saturation vapour pressure, in mm of mercury;
e; = actual mean vapour pressure, in mm of mercury;
(The error involved in the estimation of @', e, and e, are insignificant);
A = rate of change of saturation vapour pressure with temperature, in

mb/°C;

r 0. 66, (psychrometric constant, in mb/°C);
U wind speed at 2 metres above ground, in miles/day;
T = mean temperature, in degrees Absolute; and

x = outgoing longwave radiation, in cal/cm?®/day.

The error involved by assuming the correction factor in the above manner is
negligible. Therefore, by substituting Eq. 1.5 in Eq. 1 3, potential evapotrans-
piration values can be obtained within the required accuracy.

i

RESULTS AND DiscussioN

Using the Eq. 1.3, monthly mean PE values have been computed for 14 stations
in India, for two years (1964 — successful monsoon year and 1966 — weak mon-
soon year) and for normal data (1961 normal data). For these computations
o' has been taken as 0.19. Table I shows the annual mean values of PE and
precipitation (P) and departures of PE and P for the two years from normal
values. Using the monthly mean values of P and PE, surplus is obtained as the
sum of the differences between P—PE, in which months P > PE; deficiency is
obtained as the sum of the differences between PE— P, in which months PE > P;
and M is the sum of the PE values for the 12 months and thereby the moisture
index is computed from Eq. 1.1 for 1964, 1966 and normal data separately. The
results are presented in Table II. From these values, the drought indices are
computed using the formula 1.2 and the results are also presented in Table II.

Generally, it is secen from Tables I and II, that the drought intensity values
and precipitation and potential evapotranspiration departures from their res-
pective normals for the years 1964 and 1966 are in line, suggesting that the ampli-
tude departures of the moisture indices from its normal values can be taken to
represent the severity of the drought on an annual basis. For example: (i) in
the case of Hyderabad P and PE departures are respectively negative and positive
in both years with the higher departures in the year 1966. (This is clearly seen
in the drought index values, wherein both the years show negative departures,
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TasLe I
Intensity of drought

I(N\) Ly LLe DI(D) DI(?)

1. Trivandrum 62-9 58-2 45-3 —17-6 —14-0
2. Coimbatore —44.3 —38'0 —36-5 63 7-8
3. Bangalore 3-8 - 12 —11-1 — 50 -14-9
4. Madras —12-1 —18-5 21-3 — 64 33-4
5. Bellary —46-1 —~39-6 —-33-7 6-5 12-4
6. Sholapur —36-2 —24-9 —26-6 11-3 96
7. Hyderabad —29-6 -36-3 —46-3 — 67 —16-7
8. Poona -31-5 -31-0 —46-0 0-5 —14-5
9. Bombay 86-7 T9-3 21-0 — 74 —65-7
10. Nagpur —25-3 —254 —-30-1 — 01 — 4-8
11. Calcutta 50-8 49-2 18-0 —1-6 -32-8
12. Jodhpur —52-3 —521 —51-6 0-2 07
13. New Delhi —44-1 —-20-7 —44-7 234 - 07
14. Amritsar —43.9 -36-4 —39-5 7-5 4-4
Note : I, and DI=Dimé¢nsionless quantities.
, , , 1 1
DIG) =1, (i) — I, (N), i=, ’;‘; lgg‘;}

with higher departure in the year 1966); (ii) in the case of Madras the P and PE
departures are respectively negative and positive in 1964 and vice-versa in 1966
[AP(1) is considerably smaller than AP(2)], which is also seen clearly in DI(1)
and DI(2) values.
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