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COMPUTING POTENTIAL EVAPOTRANSPIRATION
BY DIFFERENT METHODS*
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ABSTRACT

Potential evapotranspiration (PET) values at twenty two stations in semi-arid
region of south India were evaluated by using the three methods (Diffusion,
Thornthwaite, Penman). Comparison of monthly and annual values of PET
by the three methods revealed PET values by diffusion method to be close
to those by Peaman method.

INTRODUCTION

An estimate of the water potential in different periods of the year is pre-
requisite for planned harnessing of water for irrigation purposes. One of the important
parameters in water budgeting is the estimation of the PET to work out the actual
losses of water vapour from soil to atmosphere. In the present study, an attempt
was made to estimate the PET values for 22 stations covering the s®mi-arid region
of south India (Fig 1) by using diffusion mzthod (Murty, 1979). The calculated
values were compared with the other methods viz. Thornthwaite (1948) and Penman
(1948) modified formula (Rao et al., 1976).

MATERIAL AND METHODS

The principle of the diffusion method is based on the estimation of vertical
water flux treating the problem as a boundary value problem. The details of solving
the simultaneous equations were described by Murty (1979), Rao (1981) and Rao
et al. (1983). This method provides for a more accurate estimation of the actual
water vapour flux as a function of the dependent properties at two boundaries, that
is, the soil surface and the incoming mass of air. For ease of calculation, a nomogram
was prepared (Fig. 2). Utilizing this nomogram, the rate of evapotranspiration in mm/
day could be estimated from the observed values of temperature, wind and atmos-
pheric humidity. In PET value is read from the given value of actual vapour pressure
in the horizontal axis by moving vertically up to the point of intersection with the
observed temperature isotherm and then by moving horizontally up to the given
value of wind.

* Part of the Ph D. work of first author.
1professor, Deptt. of Meteorology and Oceanography, Andhra University, Waltair 530003, India.
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Fig. 2 Nomogram for the determination of evapotranspiration.

The monthly PET values were estimated using the three methods (Diffusion,
Thornthwaite, Penman’s modified formula) for 22 stations in the semi-arid region of
south India from the climatological normals for the period 1931-60 published by

India Meteorological Department.

RESULTS AND DISCUSSION

The annual variations of the monthly PET values obtained in the three methods

for different stations are peresented in Table 1.

The annual march is generally similar at all the stations showing higher value
in the month of May and a secondary peak value in the month of October. The
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increase in PET from winter to summer is fairly rapid while the PET latter decreases
slowly in almost all the cases. However, there are certain conspicuous differences
among the stations with regard to the secondary maximum and minimum. Even
though the three methods for each station broadly show similar trends, sharp diffe-
rences in some cases are noticeable. :

At the stations Dohad, Akola, Aurangabad, Gulbarga and Tiruchirapalli the
annual variation of PET is found to be very large and this is particularly reflected in
the diffusion method which is showing relatively higher range of variation, from
minimum to maximum at all these stations except Gulbarga. This is mainly due to
the high wind speeds associated with the water vapour transport which are taken into
account only by the diffusion method. It is interesting to note that the PET values of
Visakhapatnam, Machilipatnam, Nellore, Khammam and Vellore (all stations nearer
to the east coast) are strikingly similar. PET by diffusion method is consistently
estimated lower than by the other two methods. This is probatly due to lower magni-
tudes of water transports under sea breeze effects. However, Tiruchirapalli, though
nearer to the coast, presents a quite different type of variation probably due to the
very high winds. At other stations the three methods are giving values which are compa-
rable. At these stations the wind effects and the associated water vapour transport
correspond to average conditions and this may be one of the reasons for the low
values computed by the diffusion method agreeing fairly well with those by the other
methods. For all the stations, values from the Penman method are in agreement with the
diffusion method better than those from Thornthwaite method. The diffusion method,
considering more number of input parameters, offers a realistic explanation of the
basic physical processes involved and gives a detailed picture of the PET variations.

The annual totals of PET as obtained from the three methods at the 22 stations
were used to prepare the annual PET charts for the semi-arid region of south India
(Fig. 3 a to ). In all the three methods, the eastern parts of Karnataka are showing
relatively higher PET. However there are some differences in the three charts with
regard to the gradients and latitudinal and longitudinal orientations of the isolines.
In the diffusion method (Fig. 3 a), the PET isolines are generally longitudinally
oriented and there is a narrow belt of high PET from Anantapur towards north
-north-west. The PET values generally decrease towards south-east towards the coast.
There are large variations of PET and the isolines are very close to one another indica-
ting high latitudinal gradients of PET. There is another pocket of high PET toward
the south near Tiruchirapalli. Tn the Penman method the high PET values are mainly
concentrated in the eastern Karnataka region (Fig. 3'D). PET values decrease towards
north, south and east. The longitudinal nature of the isolines as observed in the
diffusion method is present only towards north. Except in this region, the latitudinal
gradients are relatively small when compared to diffusion method.
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The Thornthwaite method shows somewhat different characteristics of PET
variation (Fig. 3c). The PET increases from north-east to south-east and a tongue-like
structure of high PET values extends into eastern Karnataka region from the south.
Further the isolines are more latitudinally oriented and the gradients are directed
more longitudinally. However a region of low PET values is conspicuous in the region
around Poona in all the three methods. In all the three charts an increasing tendency
is observed from Salem to Tiruchirapalli.
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