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Abstract

This paper discusses the potential evapo-transpiration
values computed by Thormthwaite's and Leeper's formulae for a group
of 16 representative stations in Andhre Pradesh. It is seen that the
potential evapo-transpiration values by Leeper's method are less by
2 to 8 cms for hot weather period and by 10 to 13 cms in monsoon period
than those computed by Thornthwaite's method. However, there is a
fairly close agreement between the values for the winter\and post monsoon

S5€asons.
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Introduztion

The combined loss of moisture by evaporation from the soil
surfaze and transpiration from plants over a given areas is termed as
evapo-transpiration and is of importance in many scientific fields.
It is one of the main components of the water budget, a knowledge of
which is indispensable for many water management problems. The
thecretical treatment of evapo-transpiration is excessively difficult
since it is not easily tractable as a physical problem. It is rather
complex since it is partly physical and partly physiclogical and
complicated by the properties of soils and the physiology of plant

cover,

Realising the difficulties involved in the determination of
evapo-transpiration, Thornthwaite (1948) introduced another quantity
called "Potential evapo-transpiration"., It is defined as the maximum
amount of water capable of being lost as water vapour in a given
climate by a continuous stretch of vegetation covering the whole ground
if there is sufficient water at all times in the root zone of the soil
for the dse of vegetation., This quantity accordiné to Thornthwaite
(19&8) depends on climatic factors of the tract than on the kind of
plant. Thus the computation of monthly and annual potential evapo-
transpiration of various places in an area will give an estimate of

water requirement in different months and the year as a whole.

Various empirical formulae have been developed for the

determination of potential evapo-transpiration of a place if its mean
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monthly temperature, mean duration of sunshine, latitude eto. are

known., In this note the potential evapo-transpiration values computed
by the methods of Thornthwaite (1948) and Leeper (1950) for Andhra
Pradesh (Fig. 1) are presented. The object of this note is, therefore

to study and compare the estimates obtgined by the above two methods.

2, Thornthwaite and Leeper methods for computing Potential evapo-

transpiration

2,1 Thornthwaite method

Thornthwaite's (19h8) basic formula for computing potential
evapo-transpiration which is based on correlation between mean air

temperature and transpiration rate is

PE -_—»151:(-’LQ-IE'-'-)EL (1)
where

PE = monthly potential evapo-transpiration (mms),

L = an adjustment for the number of hours of day light and days
in the month and is related to latitude,

T = monthly mean air temperature (OG),

I = g heat index which is constant for a given.location and is
the sum of 12 monthly values of the heat index i where

5 [ i=( % jeats } is a function of the monthly normal
temperature,

a = an empirically determined exponent which is function of T
and whose value is given by

a=6.75x 10" I° =7.74 x107° I? #.79 = 107" I + 0.49
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Information about temperature and the latitude of a place are sufficient
to compute potential evapo-transpiration at any place. However, an
arithmetic solution of the equation becomes an extremely laborious
procedure primarily because of the complexity of the exponent a. There-
fore, extensive use of this method for any location (over a long period

of time) requires much time.

2,2 Leeper method

Leeper (1950) made a critical study of Thornthwaite's formula
and formulated the following with a view to simplifying it. Accordirg
to Leeper,

PE = L.458+(T-M) (2)
where

PE = monthly potential evapo-transpiration (mms),
S = saturation vapour pressure (mm) at temperature T,

T

mean monthly air temperature (°F) and

{es

M = mean annual air temperature (°F).

3. Data used

Sixteen observatory stations of Andhra Pradesh have been
chosen for this study (Fig, 1). Climatically all the stations consi-
dered in this study fall in semi-arid category, except Nellore and
Kakinada of coastal strip, Nizamabad and Ramagundam in the northwest
interior tract which fall in the dry sub-humid zone (Rakhecha, 1970).

Normals of meteorological elements I.M.D. (1960) have been utilised for
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computing the potential evapo-transviration by the above two metheds

(i.e, by using the equations 1 and 2),

L., Comparision of the results and interpretation

k.1 Potential evapo-transpiration by Thormthwaite method

Figures (1) and (2) show the isopleths of mean annual poten-
tial evapo-transpiration over Andhra Pradesh computed by Thornthwaite
and Leeper methods respectively. For ensuring correct drawing of these
isopleths, data of neighbouring stations have also been taken into
account, The amnual potential evapo-transpiration, which is an estimate
of amnual water need is the highest in the areas around Cuddapa and
Nellore with the value exceeding 180 cms. Another area of higher annual
potential evapo-transpiration (i.e. exceeding 175 ems) is also well

marked around Khamam, Ongole, Rentichuntla and Gannavaram stations.

It is seen from Fig. (1)’that the north-western portion of the
state has comparatively low potential evapo-transgpiration (i.e. the
order of 160 cm) where as Hyderabad area in the west has the least
annual potential evapo-transpiration of 146 ems. The monthly and
seasonal values of the potential evapo-transpiration by Thornthwaite
method are presented in table 1 and 2 respeatively for various stations

in Andhra Pradesh.

From a study of tables 1 and 2 the seasonal variation of poten-

tial evapo-transpiration over Andhra Pradesh by Thornthwaite method may

be described as follows :—
During the winter season, the potential evapo-transpiraticn
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is the least, and is of the order of 15 to 22 em. The increasing
gradient is from northwest to southeast. With the commencement of the
hot weather season potentisgl evapo-transpiration increasges appreciably
and is of the order of 50 cms. It is interesting to note that during
thig season the semi-arid and dry sub-humid areas (vide Table 2) have
more or less the same amount of potential evapo-transpiration. During
the southwest monsoon season the region experiences the highest
potential evapo-transpiration and is of the order of 70 cms excluding
the areas west of Hyderabad where it is of the order of 57 cm or so.

In this season dry sub-humid areas (vide Table 2) Have petential evapo-
transpiration varying from about 63 to 70 cms. During the post monsoon
season the northwestern tract has the leagt amount of potential evapo-
transpiration where as the coastal and southern portion of the state

have more than 31 cms.

4.2 Potential evapo-transgpiration by Leeper method

The distribution of the values computed by this method reveals
similar feature except for the fact that for the year as a whole these,
values work ou£ to be 6 to 10 percent less than those computed by
Thornthwaite's method. It has been observed that the potential evapo-
transpiration values computed by Thornthwaite formula are greater by
2 to 8 ems for hot weather period and 10 to 13 cms for the monsoon season.
The large difference in the monsoon season suggests that this may be
attributed to the humidity factor which has not been explicitly taken

into account in Thornthwaite's formula, but has been accounted for in



's formula trough saturation vapour pressure term. Further, it

Leeper
is interesting to note that during the hot weather period the differences
in values obtained by these two methods decrease from coast to inland.

In the case of monsoon season it is however seen that the differences in
these values remain more or less constant. In winter and post monscon
seasons the potential evapo-transpiration values by both the methods are
almcst equal. The annual range of potential evapo-transpiration by

Lewper's smethod is 134 to 163 cms for the whole state while it is of

the order 146 t3 182 cms by Thornthwaite's method.

5. Conclusions

From the above study the following broad conclusions can be

drawn -

(a) The potential evapo-transpiration values computed by Leeper's
!

method for the year as a whole work out to be 6 to 10 percent less than

those that obtained by Thornthwaite's method.

(b) Compared to Thornthwaite method the values obtained by Leeper's
method afe less by 2 to 8 cms for hot weather period and by 10 to 13

cms for the monsoon period. During the hot weather period the difference
in values by these methods decreases as one proceeds from coast to inland,
but in case of the monsocn season the difference in values remainsg more
or less constant, However, during winter and post monsoon seasons
potential evapo-transpiration values are nearly the same by both the

methods.
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(c) Bince the estimates obtained by the above two methods do not differ
largely, it is felt that fairly accurate estimates of potential evapo-
transpiration for a place may be obtained by taking the mean of the
values obtained by the above two methods. However, where rough estimates
are required for preliminary planning purposes, Leeper's method may be
used as it gives fairly satisfactory estimates without undergoing elabo-

rate time-consuming calculations.
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Table 2 : Seasonal variation cf potentisgl evapc-trarspiration in cms over

Andhra Pradesh.
Mla S i = Apbre= Winter Hot Weather Monsgocn Post ——A o
Ns. VaTICNS  yiationa Jan-Feb. Mar. - Mgy &m.-Sep. Monsocn i
Dot . =Des,

1 Nellore ME T 219 53.5 T72.8 33.9 181 .3
L 20,6 L7.6 62,3 32.6 162,2

Z Masulipatm }{[PT T ‘].[751 5009 6847 33-0 '169a!r
L 19,0 L3 .1 563 31.8 450.2

3 Kakinals KD T 16,4 52,1 68,1 ad 167.9
E 48,7 L3 55.3 30,9 149 .4y

i, Vishakhapatnam TVSK T 45,0 19.5 68.1 31.9 1645
L 1707 LI-OQ? 5501 3‘1.1 ‘1J+)-i‘o6

Kalingapatnam CLN T 45,6 495 .8 68,1 297 16562

L 18,0 LA el 55.0 30,0 14,2

£ Ongole ONG T 18.0 Blag 715 3349 1563
L 19,6 Ly s2 6045 32,4 1567

? G—a.r:naval"am GV & 2039 a5 08 68 ) 53‘ .8 '1717 3
L 2006 ‘!'}'?:3 5690 3203 15602

8 Rentishuntla RNT- T 20.6 SET 70.6 30,6 1775
L 20.6 5145 58.2 30.8 161 1

3 Nizamabad NaB T q6.k Shok 62.9 2l .6 158.3
L 185 L9k L9.8 26.8 140 .5

10 Hyderabad HiD' 2406 5ak 57.2 282 146.L
L 17.2 1,6 46,8 257 135405

11 Hanamkonda HK . T 47,9 545 65.8 28,2 1664
L 1901“ ‘i+901 5216 3‘1 .1 15 2

12  EKhamam KMT T 20.6 5543 68,5 30.3 1747
L 20.6 50.5 554 304 15649

13 Ramagunadem RMD T 49,2 56 .1 68,1 27.9 1 Tte3
5 19:5 53.9 55.5 29.2 15845

14 Buddapa chp - 22.% 55.9 70.0 25D 181.5
L 218 5149 57.6 3149 163.2

5 Karnool KRN T 20,7 o9 64,8 31 ok 1718
L 20.6 L9.7 51.5 30.6 1524

16 Anantpur ANT T 49,1 53.2 6L..7 3053 1673
L ‘1909 J+6»7 5"[ 97 2998 14 31
T - PE by Thornthwaite's method L = PE by Leeper's method
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