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Abstract. A compari\on offour methods for estimating grass reference evapotranspiration. ET". are pre
~entcd. rhe tour methods arc etas" A pan. Radiation. Jcnsen-Hai\e. ar:d Penman. The Radiation method 
overestimated the other methods. but if the adjustment factor is to be taken equal to 0.9 the Radiation 
method would be close to the Jensen-Haise method. The derived seasonal average pan coefficient of 0.61 
gives a more conservative value. The Penman method could be used with a local back radiation of 1.34 
mm/da) and an albedo for the cropped \urtace of n.35. 

Considering the problems associated with the availability and reliahility ohveather data and the pos
sihle errors in Penman and Radiation methods. the lensen-Haise method calibrated for Al-Oassim region 
and pre"ented in this "tudy is recommended as the mo"t \imple and practical method for estimating ETo. 

Introduction 

Center pivot sprinkler irrigation has expanded rapidly in Qassim for growing wheat. 
A major problem faced by irrigators is scheduling on low water holding capacity 
soils. Too much irrigation will leach valuable plant nutrients. On the other hand, too 
little irrigation can depress yields and profits. Accurate irrigation scheduling, based 
on sound scientific principles. is becoming more important each day as water supplies 
become scarce. Irrigation scheduling relies on modeling or measuring evapotranspi
ration to update the soil water balance and to forecast future water use to predict 
when the allowable depletion will be reached. Models using weather parameters to 
calculate evapotranspiration (ET) arc used to schedule irrigations by a water budget
ing process. Basically, some reference ET is used. ETa for grass, ETr for alfalfa, or 
Er for pan evaporation. and crop ET, is estimated by multiplying the reference ET 
by empirically derived crop coefficients. 

Grass reference ET has been extensively used and is defined as the ET of well
watered, actively growing, green grass which is clipped to a uniform height of 8-15 
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em, completely shading the soil, not short of water, and covering an extensive area 
[1 p. 156]. Short grass ET is less than alfalfa ET.The assumption was made that a con
stant ratio of 0.85 exists between grass and alfalfa reference ET [2 p. 227]. Various 
methods are available to estimate the ET for grass or alfalfa. Recently, a study [3 p. 
332] evaluated 24 methods of predicting ET for both humid and arid regions. 

The objectives of this study were to test some methods of estimating ETo from 
climatic data as compared to the ETa obtained from the evaporation measured by thc 
class A pan. 

Procedures and Methods 

A computer program was written in BASIC to calculate the reference ET by 
class A pan, radiation, lensen-Haise, and Penman methods using the weather data 
collected for the periods December 15 to April 30 of the years 1987/1 988. 1989/1 990, 
and 1990/1991, which are the wheat growing seasons. The weather data were col
lected from agrometreological station at the College of Agriculture farm In 

Buriedah, Qassim. Elevation and latitude of Buriedah are 625 m and 26° north. 

1. Penman method 

The modified Penman equation [4]. [5 pp. 241-279] is 

E'l" ~ (I'. / (1'.+'/)) (R,,+G) + (~/(I'.+',')) f(u) (e, -e) (1) 

where: 

ET" rderencc evapotranspiration in mm/chl) 

~ slope of the saturation vapor pressure curve in kPa/oc at mean air tem
perature. 

y Psychrometric constant in kPa/oc. 

G energy into the soil. generally assumed to he zero, mm of water/day. 

e~ mean saturated vapor pressure in kPa (average of pressure at 
maximum temperature and at minimum daily air temperature). 

e" ~ saturated vapor pressure at mean dew point temperature in kPa (e" ~ 
c, relative humidity). 
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According to Fritschen and Gay [6 pp. 55-81] and Hatfield and Fuches [7 pp. 33-54]: 

c, ~ 0.1 exp[ I H.7209-3R06/(T" + 273. 1)-222153/(T" + 273. I )'] (2) 

while ~ can be given as: 

'" ~ eJ3R06/(T" + 273. I)' + 444306/(T" + 273.1 )'] (3) 

where Ta is the air temperature in °C and 

y [P/A]/625 (4) 

and 
A 2.510 - (T/423) (5) 

where A is the latent hcat of vaporization in MJ/kg. The change in barometric pres
sure, P (kPa), with elevation can be expressed as: 

p ~ IOI.3-(ENS) (6) 

with E the elevation in m. 

Net radiation energy, R n , may be calculated from 

(7) 

r = radiation reflection coefficient (albedo) of the surface (dimensionless fraction), 

albedo for a cropped surface ranges between 0.22 and 0.32 and was assumed to equal 
.25 in this study. The outgoing long-wave radiation Rb (mm water/day) is estimated 
as follows [H, pro HI-R6]: 

R" ~ aT~ (O.56--{J.()92 v'7.6c.,) (x + (I - x)n/N) (8) 

where 

a = Stephan Holtzman constant in equivalent evaporation unit 

~ 0.19R x 10-' mm water. day-I °K-4 (equivalent to S.67 x 10" 1m·'s·1 °K·4). 

T k = absolute temperature oK 
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In Eq. 8 the later hracket is included to allow for the effect of cloud covcr. the 
remainder giving the back radiation in a cloudless environment. Typical reported 
value of X is 0.1. 

According to Ture [9]: 

R, = R, (0.29 Cos (latitude) + 0.54 n/N) (9) 

where 

nlN the ratio of actual to possible hours of sunshine 

R~ the incoming radiation at the top of the atmosphere 

Ra the mean extra-terrestrial radiation in equivalent evaporation in rum 
watcr/day 

In this study R, and N were calculated from model equations for Buriedah fitted from 
tables provided by [1) as follows: 

R, 8.3332+ O.0536(DOY)+3.5538E-4(DOY)' -3.2069E--{i(DOY)' 

+ 5.039E-9(DOy)4 (R=0.9918) (10) 

N 1O.0812+0.m6502 (DOY)-1.036848E-4 (DOY)' (11 ) 

(R=O.96619) 

where 

DOY = day of year starting January, 1 

The parameter in Eg. 1 which varies the most among researchers is the wind func
tion, flu) term, as discussed by Howell ef ai. [5] and Jensen [\0, p, 215]. According 
to Doorenbos and Fruitt [1] the wind function for grass as reference crop is 

f(u) = 2.70 + 2.:13 U, (12) 

where 
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u, ~ mean daily wind speed in mls at 2 m height. 

2. Jensen-Haise method 

The original Jensen-Haise method was modified to adjust the coefficients for 
altitude and humidity index to increase the accuracy of the radiation halance method 

[ II]. 

The modified Jensen-Haise method is as follows: 

where 

ETo~ C (T, - T,) R, 
c ~ lI(C, + 7.3 C'h) 

Ch ~ 5/(e,-e,) 
C, ~ 45 - (Ell 37) for clipped grass 

T, ~ -2.5 - 1.4(e,-e,)-E/550 

(13) 
(14) 

( 15) 
(16) 
(17) 

e2 and e] are the saturated vapor pressure in KPa in the warmest months in an 
area at the mean maximum and mean minimum air temperature _ respectively. Using 
Eqs.13 through 17, the lensen-Haise equation derived in this study for Buriedah, 
Qassim is 

ET" ~ (0.02 T, + 0.25) R, ( 18) 

3. Radiation method 

The grass reference ET according to the FAO radiation method is given by: 

ETo~ n W R, (19) 

where 

W~/!"/(/!"+y) 

n ~ adjustment factor [I]. 

The values of n are close to 1, so it is assumed to equal 1 in this study for simplicity. 

4. Evaporation pan method 

The relationship between ETo and measured pan evaporation, Ep ' 

is given as: 
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The Kp value represents the pan coefficient. The factors which influence the Kp value 
are found in detail in Doorenbos and Pruitt [1]. The data required for estimating Kp 
are pan surroundings, relative humidity, and mean wind speed in Km/day at 2 m 
height. 

Results and Discussion 

The four methods of estimating ETo for the three seasons are presented in Figs. 
1 through 6. It can be seen from Figs. 1 and 2 that the radiation method is higher than 
the other methods for the 1988-1989 growing season. The same idea applies for the 
1989-1990 season except that the class A pan shows the lowest ETu for 90 days after 
planting then it turned out to be the highest as shown in Figs. 3 and 4. In 1990-1991 
season the highest ETo for the radiation method and the lowest for the pan are shown 
in Figs. 5 and 6. 

It can be said that the radiation method overestimated the ETo and the pan 
underestimated the ETo. Thus, if the adjustment factor n was taken equal to 0.9, 
instead of 1 as assumed, the radiation method would be close to the Jensen-Haise 
method which is also based on radiation balance. The pan coefficients varied 
between 0.6 and 0.65 during the three seasons with a weighted average of 0.61 
according to the pan location and the input weather data during these periods. The 
pan coefficients were obtained from those given by Doorenbos and Pruitt [1]. 

The predicting ETo methods are highly correlated to the ETo (pan) as follows: 

Rad = 2.228 + 0.5616 Pan (R=0.9665) 

J-H = 1.2348 + 0.6788 Pan (R=0.9842) 

Penman = 1.7925 + 0.5952 Pan (R=0.9878) 

(21) 

(22) 

(23) 

From the computer output, the relation between R, and R, fitted the following linear 
equation; 

R, = 0.65 R, -1.34 (R=0.9705) (24) 

IfEq. 24 is compared to Eq. 7, r would be equal to 0.35 and Rb would equal 1.34 
mm/day. Equation 24 is useful in developing local values to facilitate the use of Pen
man method. 
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1988-1989 Season 
H 

7 

6 

5 

4 
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Day~ after planting 
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Fig. I. Comparison of different methods of estimating daily ETo for 
1988-1989 data. 
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Hg.2. Cumulative ET 0 calculated by different methods for 1988-1989 

data. 
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Fig.3. Comparison of different methods of estimating daily ET 0 for 
1989·1990 data. 
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Fig. 4. Cumulative ET 0 calculated by different methods for 1989-1990 
data. 
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Fig.5. Comparison or different methods of estimating dail}' ET n for 
1990-1991 data. 
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Fig.6. Cumulative ETo calculated by different methods fO!- 1990 .. 1991 
data. 
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Table 1 summarizes the cumulative ET 0 for the four methods during the period 
of December 15 to April 30 with daily input to the computer program. It can be seen 
that the radiation method overestimated the other methods and the class A pan 
underestimated the other methods especially during the 1990-1991 season which 
indicates that the values of pan coefficients were more conservative. 

It can be said that all the methods tested in this study could be used in Al-Qassim 
region and can be simplified using the derived local constants. It can be concluded 
that the lensen-Haise method calibrated for Al-Qassim and presented herein IS 

recommended as the most simple and practical method for estimating ETo. 

Table 1. Estimates of grass reference ETo,mm as calculated for the period December 15 to April 30 with 
daily inputs. 

Season 

1988-1989 

1989-1990 

199()-1991 

Average 

Class A Pan 

570 

632.9 

561 

558 

Radiation 

64l.H 

675.3 

665 

66(1.7 

References 

Jensen-Haise 

574.5 

608.7 
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598.7 

Penman 
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