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Reference Crop Evapotranspiration from Temperature

George H. Hargreaves, Zohrab A. Samani

MEMBER
ASAE

ABSTRACT

EASURED lysimeter evapotranspiration of Alta

fescue grass (a cool season grass) is taken as an
index of reference crop evapotranspiration (ETo). An
equation is presented that estimates ETo from measured
values of daily or mean values of maximum and
minimum temperature. This equation is compared with
various other methods for estimating ETo.

The equation was developed using eight years of daily
lysimeter data from Davis, California and used to
estimate values of ETo for other locations. Comparisons
with other methods with measured cool season grass
evapotranspiration at Aspendale, Australia; Lompoc,
California; and Seabrook, New Jersey; with lysimeter
data from Damin, Haiti; and with the modified Penman
for various locations in Bangladesh indicated that the
method usually does not require Jocal calibration and
that the estimated values are probably as reliable and
useable as those from the other estimating methods used
for comparison.

Considering the scarcity of complete and reliable
climatic data for estimating crop water requirements in
developing countries, this proposed method can do much
to improve irrigation planning design and scheduling in
the developing countries.

INTRODUCTION

In many parts of the world, the area of fertile lands
that could be made more productive by irrigation far
exceeds developed and developable water supplies. It is,
therefore, important to manage available irrigation
water supplies as efficiently as possible. There are several
factors, that when properly managed, can result in
significant improvements in the use of agricultural
water. These include:

1. Better land preparation.

2. Water measurement particularly at the farm level.

3. Monitoring soil moisture status within the crop
root zone.

4. Conversion from surface to drip or sprinkle
whenever conditions of soils, topography and economics
indicate clear advantages.

S. Improved estimates of crop water requirements
based upon weather and climatic data.

This paper deals with the last of these five items. There
are a number of good procedures for estimating the
potential evapotranspiration of a reference crop or

S
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reference crop evapotranspiration, ETo.
Evapotranspiration from other crops can be estimated
from ETo and established crop coefficients [Doorenbos ;
and Pruitt,(1977)]. Any computational procedure for 3
estimating ETo should provide consistent and reliable
results and require a minimum of data and computation. :
Some of the currently used estimating methods require ;
data inputs that are not widely available. 1
A procedure based on almost universally available :
data is presented here and is recommended for general |
use. This procedure requires little or no local calibration |
and uses only measurements of maximum and minimum
temperature. ;

LIMITATIONS OF ETo ESTIMATES

All equations for estimating ETo are to some degree 1
empirical. Many have been derived and/or calibrated
from evapotranspiration measured with lysimeters or sol |
moisture depletions by a particular reference crop.
Numerous reference crops have been used but the most §
common ones are grass or alfalfa. Grasses vary widely in §
their water use, and different varieties of alfalfa have |
different water use characteristics. There is an urgent |
need for standardization of reference crops. ]

The FAO version of the Penman equation for §
estimating ETo as given by Doorenbos and Pruitt (1977) §
and Doorenbos and Kassam (1979) is widely proposed |
for use in developing countries. In many developing §
countries, data may be incomplete and estimates or data }
from other locations used to facilitate computation. For'
example, mean relative humidity is often used to ]
estimate the vapor pressure deficit value required in the |
Penman equation. In different countries, and sometimes §
in the same country, pubiished values of mean relative
humidity are determined by averaging at various times of
measurement. [See Her Majesty's Stationery Office §
(1978)]. Some of the published values of mean relative ]
humidity are fairly comparable and other published
values may by significantly different. Climatic data for
estimating ETo may be taken from airports, arid, hilly
locations or from other irrigated areas very dissimilar to
the areas for which ETo computations are needed. |
Comparable estimates of ETo require closely comparable
sites for reasonable data transfer. L

McVicker (1982) calibrated 12 methods for estimating’
ETo and then compared their performances for two
locations (Davis, California and Logan, Utah). The best‘z
six methods, ranked in order of the smaller root mean |
square errors, are Hargreaves, Jensen-Haise, Stephens!
and Stewart, Makkink, Turc and Grassi. All of these
computations are based on mean air temperature and;
incoming solar radiation, RS. The equations did not vary
significantly in their performance after calibration. All}
six performed better than the Penman combination |
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TABLE 2. MONTHLY AVERAGE RATIOS
OF ESTIMATED VALUES OF ETo USING
HARGREAVES (EQUATION [4]) AND
PENMAN METHOD AND STANDARD

DEVIATION OF RATIOS AS
PERCENTAGES OF MEAN RATIO.
ETo(Hargreaves) Std%
Station ETo(Penman) Mean
Barisal 1.05 7.8
Bogra 1.03 7.3
Chittagong 0.94 15.4
Cox’s Bazar 0.84 8.6
Comilla 1.01 11.3
Dacca 0.94 10.5
Narayanganj 0.93 11.5
Dinajpur 1.10 8.6
Faridpur 0.98 14.1
Jessore 1.05 11.2
Khulna 1.05 7.4
Satkhira 1.14 17.5
Mymensingh 1.07 8.2
Noakhali 0.92 11.9
Rangpur 1.11 9.3
Sylhet 1.09 5.7
Average 1.02 10.4

evapotranspiration for 16 stations in Bangladesh, using
the FAO modified Penman equation given by Doorenbos
and Pruitt (1977). The climatological data (average
monthly values of maximum and minimum temperature)
repotted by Karim and Akhand (1982) were used to
calculate the reference crop evapotranspiration by
equation [4]. Table 2 shows the ratios and standard
deviations for the 16 stations. The average ratio of [ET
(Harg)/ET (Penman)] was equal to 1.02 with an average
standard deviation equal to 10.4% of the mean.

Jensen (1974) has presented figures comparing
different methods of estimating potential
evapotranspiration with measured lysimeter data.
Maximum and minimum temperature data from these
stations were obtained and equation [4] was used to
calculate the reference crop evapotranspiration for these
stations. Estimation of ETo by modified method was not
possible due to unavailability of the climatological data.
Fig. 1, 2 and 3 compare measured lysimeter data with
estimated values from equation [4] and the modified
Penman method [Jensen (1974)1.

The comparisons show that equation [4] can be used
with reasonable accuracy to estimate the reference crop
evapotranspiration. Considering the paucity of the
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Fig. 2—Measured and estimated potential evapotranspiration at
Lompoc, California. (Fig.7.31, Jensen. 1974).
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Fig. 1—Measured and estimated potential evapotranspiration at

Aspendale, Australia. (Fig. 7.1, Jensen, 1974).

climatological data in most parts of the world and the
lack of knowledge and facilities to use more sophisticated

methods in estimating ETo, the temperature method is |
recommended as a superior method for estimating the

reference crop evapotranspiration.

SUMMARY AND CONCLU SIONS

A method for estimating reference crop
evapotranspiration, ETo from measured temperature

alone is presented and compared with other methods of |

estimating ETo and with actual measured data. The
estimated values of ETo from equation [4] presented

herein compared favorably with those of other methods |

or lysimeter data, providing a better fit of the measured
data in nearly all cases.

Considering the problems associated with the |
availability and reliability of climatological data in the |
world and the possible errors in the more sophisticated §

methods for estimating crop water requirements, the

temperature method herein presented is recommended

as the most simple and practical method for estimating
reference crop evapotranspiration. This method is
recommended for further evaluation and for possible
acceptance for world-wide use.
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Fig. 3—Measured and estimated potential evapotranspiration at |

Seabrook, New Jersey. (Fig. 7.41, Jensen, 1974).
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