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Evaporation measurements with a self-recording evaporigraph
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ABSTRACT. Data collected over five years (1967-71) with a self-recording evaporigraph at the Central
Agrioultural Meteorological Observatory in Pocna, are analysed and discussed.

The afternoon 3-hour period 1330-1630 IST is found to contribute as muchas 24 tc 30 per cent of the total
dail¥ evaporation recorded inany month; whereas the 15-hr period 1930-10301IST can account foronly26 to 41

per cent of the total d 1 ily evaporation.

A statistical analysis of evaporigraph data in comparison with Class A Pan evaporimeter measurements is

also presented.

1. Introduction

Instrumentation for continuous recording of
natural evaporation is yet in the stage of develop-
ment, Simpler autographic devices for measure-
ment of evaporation from free water surfaces are,
however, available and could be profitably em-
ployed in view of the high degree of correlation
between evaporimeter observations and evapo-
transpiration from vegetated surfaces (Gangopa-
dhyaya et al. 1968).

A self-recording evaporigraph (Lambrecht and
Gottingen Type) has been in operation for
some years at the Central Agricultural Meteorologi-
cal Observatory in Poona. The data collected over
a five-year period 1967-1971 bas been analysed
and discussed in this paper. The evaporigraph
(Fig. 1) comprises a small pan (diameter 18 cm,
depth 2.5 em) containing water, a mechanism
which senses the weight of the pan, and an
arrangement which records the loss in weight of
the pan directly in units of millimetres of water
evaporated. The instrument is comparable in size
with other self-recording instruments such as a
thermograph or hygrograph, and is conveniently
placed within a double Stevenson screen.

2. Diurnal variation of evaporation

Evaporigraph data recorded daily over five
years from 1967 to 1971 was processed to obtain
monthly averages of evaporation in one-hour
periods, 0730-0830, 0830-0930,. . ..0630-0730 JST.
The results for three representative months, May,
August and November are shown in Fig. 2. These
three months have heen chosen since evaporation
is maximum during the hot summer month
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of May, minimum during the cloudy and humid
month of August, and is again high in the post
monsoon month of November.

The trend of the diurnal variation of evaporation
is seen to be essentiolly similar in sll the three
months. The occurrence of maximum hourly evapo-
ration does not coincide with that of maximum
solar radiation, #.e., the maximum hourly evapora-
tion does not occur around the local noon but
occurs later between 1330 and 1430 IST when
temperature is high and atmosphcric moisture
content low. Likewise, the minimum value of
evaporation is observed between 0630 and 0730, t.e.,
a little after sunrise. Between 1930 and 0630 IST,
a low rate of evaporation is generally maintained
due to non-availability of solar energy and restricted
variations of temperature and humidity. In May,
evaporation rates of the order of 0.7 mm/hour
are recorded by the evaporigraph in the afternoons,
whereas in November and August the correspon-
ding values are 0.4 and 0.2 mm/hour respectively.
Eveporation is less than 0.1 mm/hour in the
early morning hours in all the three months,

Fig. 3 is a composite diagram which shows the
month-by-month variation of the hourly evapora-
ion rates. The night-time distribution is quite
flat, the minimum occarring between 9630 and
0730 hours throughout the year. The occurrence
of the maximum is, however, not so sharply defined
and in many months, particularly February to
April, the hourly evaporation rates between 1330
and 1730 hours have nearly equal values, The
gradient between the isopleths becomes very
steep between May and June , when the transition
from summer to monsoon takes place,
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Fig. 1
Photographs of Evaporigraph with (1) lid open and Diurnal variation of evaporation as measured
(b) lid closed by Evaporigraph
(3-yr average)
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TABLE 1
Mean monthly evaporation in 8-hr period

Evaporation in 3-hr
Expresse 100
[ 4w (Total evaporation in 24-hr x30

Period Jan Feb Mar Apr May Jun Jul
(IST)

0730—1030
1030— 1330
1330— 1630
1620— 1930
1930—2230
2230— 0130
0130—0430
0430---0730
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1t is a known fact (Olivier 1964) that measure-
ments made with evaporimeters of different
designs rarely show agreement as regards the
absolute value of evaporation. From this point
of view, the percentages of evaporation in eight
3-hour epochs (0730-1030, 1030-1330. ., 430-0730
IST) to the 24-hr total as recorded by the evapori-
graph were also computed (Table 1). As before
daily evaporigrams were analysed and five-year
averages then obtained. Itisseen that the 3-hour
period 1330-1630 alone contributes 24 to 30 per
cent of the total daily evaporation recordcd;
whereas the fifteen hours 1930-1030 IST can
together account for only 26 to 41 per cent of the
total daily evaporation. Further, during the
period 0730-103¢ IST the percentage evaporation
is of the order of 5 to 10 per cent only, which is
comparable to, and in some cases less than, the
night-time 3-hour percentages. Thus, in spite of
the availablity of solar radiation in the morning
hours, and the lack of it at night, the correspond-
ing contributions to the total evaporation are of
the same order.

Table 1 also reveals that during monosoon
months, the percentage contributions from the
eight 3-hour periods differ less markedly from
each other than in the non-monsoon months.
For example, in August, the contribution in the
1330-1630 period is 24 per cent which is lower than
the value of 30 per cent for the same pariod in
December, On the other hand, for the 0430-0730
period the contribution is 6 per cent in August
which is higher than the contribution of 3 per
cent in December.

This could be understood by considering the
nature of the diurnal variation of the factors which
control evaporation, wiz., radiation, temperature,
humidity and wind. During the monsoon season
the wind speeds are high throughout the day as
well as night. In other seasons low winds are
calm during the night and relatively high winds
during the day are a common occurrence. The
diurnal range of variation of net radiation, tempera-
ture and humidity is also significantly less in the
monsoon season because of persistent cloudiness,

3, Comparison with Class A Pan evaporimeter

A study was attempted to examine the nature
and extent of agreement between the evaporigraph
records and measurements made with a Class A
Pan evaporimeter, which has been adopted as the
standard evaporimeter for agro-meteorclogical
observatories in India. It consists of a copper pan
of much larger dimensions (diameter 122 cm, depth
25.5 mm) which is placed above the ground over a
wooden grille. The fall in the height of the water
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Fig. 3. Month by month change of pattern of diurnal varia-

tion of evaporation as measured by Evaporigraph (B-yr.
average). Isopleths in_mm/hr.

level over a lapse of time measured with a screw
gauge or with a calibrated water bucket directly
yields the evaporation during that time. As part
of the programme of international comparison of
evaporimeters, in wnich India .partmlpated,
freqaent observations were made with a Class A
Pan evaporimeter at the Central Agrimet,
Observatory, Poona during 1967-68, and they have
been made use of in this study.

Monthly averages of Class A Pan evaporation
(1) from 0730 to 1930 and (i) from 1930 to 0730 hr
of next day, were compnted from the daily obser-
vations at Poona in the 12-month period August
1967 to July 1968. These are compared in Fig. 4
with the data obtained from the evaporigraph over
identical periods and averaged in a similar
manner, A striking feature of this comparison is
the parallel response of the two instruments to
seasonal and diurnal environmental changes in
spite of the wide difference in their exposure
conditions. However, as may be expected, the
evaporigraph, shielded by the Stevenson screen,
always measures less evaporation than the Class A
Pan which is exposed to strong winds and direct
solar radiation. Large differences are therefore
noticed in the months, March to May when the
exposure of the Class A Pan to sunshine is most

acute.

4. Correlation hetween pan evaporation and evaporigraph
measyrements

A statistical analysis was next made to examine
the nature of the relation between evaporigraph
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Fig. 4

Comparison of evaporation measurement by Evaporigraph
and Class A Pan

and Class A Pan measurements. As the first step
a day-to-day [comparison of 24-hour evaporation
amounts obtained from the evaporigraph (0730 to
0730 IST of next day) and from the Class A Pan
(0830 to 0830 IST of next day) was made over a
full year 1970. A good linear correspondence
between the two variables was noticed (Fig. 5)
and it was felt worthwhile to detive a regression
equation to represent the relationship.

Daily data collected over two years, 1 January
1970 to 31 December 1971, was used to obtain
the regression equation. The oomputations
were made on the I.B.M. 1620 compator at the
Indian Institute of Tropical Meteorclogy, Poona.
If the pan evaporation is dencted by E, and
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correlation coefficient was worked out to be
0.932, which is highly significant.

5. Coneluding remarks

() The study has shown that during the
day maximum evaporation takes place
in the afternoon period 1330-1630 IST,
This three-hour period contributes as
much as 24 to 30 per cent of evaporation
during 24 hours. Evaporation rate is
low throughout the night and minimum
between 0630 and 0730 IST.

(#?) Statistical analysis of the data recorded
simultaneously by Class A Pan and the
evaporigraph has shown a significant
relationship between the two. This
provides support for the use of the evapori-
graph wherever arca limitations makes
it inconvenient to install a Class A Pan,
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