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Prediction of latent evaporation using hourly meteoro-

Hourly meteorological data were used to improve the accuracy of the estimation of latent evaporation, thus allowing
better prediction of the rate of moisture loss to the atmosphere from soils, crops and reservoirs. Regression analysis was
employed to develop prediction equations which defined the interrelationships of evaporation and hourly weather
parameters. The regression equations facilitate the estimation of hourly latent evaporation from several combinations of up’
to five variables. Vapor pressure deficit was found to have the largest influence on the variation in evaporation.

INTRODUCTION

The usefulness of meteorological data
in the development of estimators for pre-
dicting daily, weekly, monthly or yearly
loss of moisture to the atmosphere from
soils (Baier and Robertson 1966), crops
(Hayhoe and Jacson 1974; Hobbs and
Krogman 1966, 1970; Stewart and Lievers
1978) and reservoirs (Penman 1948, 1956;
Veehmeyer 1964) has been well estab-
lished. Such estimates employ average
or cumulated daily, weekly or monthly
weather data. Several workers have shown
that evaporation, as measured by an
evaporimeter, can be used as the major
parameter in such prediction equations.

Wilcox (1963), Pelton (1964) and Baier
and Robertson (1965) have shown that dai-
ly meteorological data can be correlated to
evaporation readings. Baier and Robert-
son (1965) presented multiple regression
equations using several combinations of
daily weather data to predict daily latent
evaporation. As much as 70-85% of the
variation in daily evaporation was ac-
counted for by this approach.

The use of daily or weekly meteoro-
logical data to predict the loss of moisture
from a freshly cut crop, such as hay, does
not allow accurate estimation of the time
of day at which the pre-selected crop mois-
ture content can be reached. In the harvest-
ing of crops, the accurate prediction of
time required to reach a desired moisture
content can have a major impact on the
final outcome of the crop. Kemp et al.
(1977), in developing an estimator for the
moisture content of drying hay crops, em-
ployed cumulative latent evaporation data
from an atmometer. It was shown that
drying equations could be developed using
hourly evaporation data.

The usefulness of an estimator for hour-
ly predictions depends upon the availabil-
ity of hourly evaporation data. At the best,
twice-daily evaporation readings taken
from a Class A evaporation pan (the inter-
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national standard) are available from only
some accredited weather stations. As
hourly weather data are available from
weather stations, such as those located at
airports, it was decided to attempt to de-
velop an estimator for predicting evapora-
tion at hourly intervals. This paper pre-
sents several multiple regression equa-
tions, for this purpose, using various com-
binations of hourly meteorological data.

MATERIALS AND METHODS

During the summer of 1978, selected
hourly observations for evaporation and
solar radiation were collected at the weath-
er station compound, Research Station,
Agriculture Canada, Fredericton, N.B.
Corresponding hourly dry bulb and dew
point temperatures, along with wind run
data, were obtained from Atmospheric En-
vironment Services, Fredericton Airport,
located 10 km from the Research Station.

The hourly records of evaporation, as
the dependent variable, were correlated
with the hourly meteorological data. Cor-
relation and regression analyses were used
to establish relationships between the vari-
ables. The variables included:
E, = latent evaporation (mL), hourly
cumulation by a black Bellani plate atmo-
meter (Pelton 1964; Robertson and
Holmes 1957).
Tpg = dry bulb temperature (°C), taken

hourly in a ventilated psychrometer
screen.
MTpg = mean dry bulb temperature (°C),

mean Tpg for each hour obtained by

averaging the Tpp at the beginning and the

end of each hour.

Tpp = dew point temperature (°C), taken

hourly with a MSC Dew Cell.

Pws = saturated vapor pressure (mb),

calculated for each recorded temperature

using the following equation (Kennan et al

1969),
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Where 7 = absolute temperature
(Kelvin)
t.= T~ 2713.19°CC)
F, = —741.9242 F5 = 0.1094098
Fy = — 29.72100 F, = 0.439993
F3 = — 11.55286 F,; = 0.2520658
Fy = 0.8685635 Fg = 0.05218684

Equation 1 gives Pyws in terms of atmos-
pheres which was converted to the units of
millibars.

VPD = vapor pressure deficit (deficit
(mb), (PWS at TDB o PWS at TDP)’ calcu-
lated by substituting paired hourly read-
ings of Tpg and Tpp into Eq. 1 for deter-
mining Pyys.

MVPD = mean vapor pressure deficit
(mb), calculated for each hour by averag-
ing VPD at the beginning and the end of
the hour.

W = wind run (km), cumulated hourly by
MSC 42A anemometer located 10 m
above the ground surface.

Gr = global radiation (Langley), cumu-
lated hourly on a pyranometer Kipp CM6
(WMO Designation *‘K’’).

Nr = net radiation (Langley), cumulated
hourly on a net pyranometer CSIRO
(WMO Designation ‘‘Q’’). (Radiation
readings for Gg and Ni were recorded on
the basis of apparent local time. During the
summer months, this was about 30 min off
local standard time. To obtain radiation
readings to correspond to a local standard
hour, the average of the readings ending
and beginning in the local standard hour
were employed.)

RESULTS AND DISCUSSION

Simple Correlations

Results presented in Table I, describing
the simple correlation coefficients be-
tween the variables under study, indicate
that the six variables can be placed into
two groups. One group involves only wind
run, W, which has no correlation with the
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