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Abstract

This paper evaluates three different methods for estimation of
reference crop evapotranspiration (ET,) in Bajgah area, Fars
province, in Iran. Monthly values of ET, were estimated with
Penman-FAO, Penman-Monteith and Hargreaves equations
using the mean monthly weather data from 1986-2002 (17
years). The Penman-Monteith and Hargreaves equations were
calibrated based on Penman-FAO method which was
recognized as the most appropriate equation for ET,
estimation, according to the previous studies. This study
showed that the results of Penman-Monteith and Hargreaves
equations are similar to but somehow they underestimate ET,
compared with Penman-FAO method. To caibrate the
Penman-Monteith and Hargreaves equations, a linear
regression was used. The results of calibration for Penman-
Monteith equation showed the variation of the slope of the
line and ET, the calibration coefficient (Cy) of the
Hargreaves equation for each month. annual ET, estimated.
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Introduction

In semi-arid regions, water use in irrigated agriculture
is very important for different aspects of water
resources management. In most conditions, irrigation
water use is calculated based on crop potentia
evapotranspiration. Crop potential evapotranspiration
(ET,) isestimated as follows:

ET, =K ET, D

Where K. is the crop coefficient and ET, is reference
crop potential evapotranspiration. Thus, most irrigation
engineers use ET, to estimate different crop water
requirements (Martinez-Cob and Teero-Juste, 2004).
Therefore, using historical ET,, for irrigation scheduling
and system design is very common. Historical ET, is
simply long-term average value. Because of the
consistency of climate in the most regions, variability
in ET, from year to year (or each months of year during
several years) is assumed to be smal, and thus
differences between a historical value based on many
years of data and actual values for any given year
would be small. The main advantages of using
historical ET, are convenient and the ability to predict
the irrigation requirements throughout the growing
season (Hanson et al., 1999).

Although severa equations have been proposed to
estimate ET,, there is no universal consensus on the
suitability of any given equation for a given climate,
and they require rigorous local calibration (Dehghani-
Sanij et al., 2004). The most common methods are
Penman-FAO (Doorenbos and Pruitt, 1977) and
Penman-Monteith (Allen et a.,1998). To calculate ET,
by these methods, minimum and maximum air
temperature, minimum and maximum relative
humidity, sunshine and wind speed data, must be
available. Hargreaves equation is another method that
only needs minimum and maximum air temperature
data (Hargreaves and Samani, 1985). The Hargreaves
equation tends to overestimate ET, in humid regions
and underestimate ET, in very dry regions (Xu and
Singh, 2002). So, it is essential to calibrate each
equation locally.

Some investigators tried to determine the best method
of ET, estimation in the Bajgah area, Fars province, in
Iran. Malek (1982) showed that the Penman-FAO
equation gives a good estimation of ET, in this area.
Sepaskhah (1999) showed that Penman-FAO equation
is more appropriate than Penman-Monteith for the
Bajgah area. Furthermore, Sepaskhah and Fooladmand
(2004) showed that the Penman-FAO equation is the
most appropriate method for estimating ET, in the
Bajgah area. This is optained by using water balance
model for microcatchment water harvesting systems for
rainfed vineyard.

Furthermore, Zand-Parsa et a. (1996) calculated ET,
based on Penman-FAO method for most synoptic
meteorological stationsin Iran. They showed that type
Il Pearson and Normal distributions are the most
appropriate distributions for al stations in Iran. Later,
Zand-Parsa and Sepaskhah (1996) introduced a simple
method for calculating ET, based on type |1l Pearson
and Normal distributions for different probabilities of
occurrence.

The purpose of this study is to evaluate the different
methods of estimation for reference crop evapotran-
spiration (ET,) in the Bajgah area, Fars province, |. R.
of lIran, and calibrating the Penman-Monteith and
Hargreaves equations based on Penman-FAO equation
in monthly bases.

Materialsand Methods

Fars province is located in the southern part of I. R. of
Iran, at 50°30" to 55°38 longitude and 27°3" to 31°42°
N latitude, with an arable land area of 1.32 million km®.
The mean annual precipitation for the province ranges
from 50 to 1000 mm (Sadeghi et al., 2002). The Bajgah
areaislocated 16 km north of Shiraz (center portion of
Fars province) at 52°46 longitude, 29°50° N latitude.
Bajgah elevation is 1810 m above the mean sea level
and its mean annual rainfall is approximately 420 mm
(Fooladmand and Sepaskhah, 2004). The climate of
this region is semi-arid as reported by Malek (1984).
Also, Malek (1984) showed that the most weather data
in the Bajgah area is homogeneous.

Because of the lack of measured ET, data in Bajgah
area, calibration of Penman-Monteith and Hargreaves
equations based on Penman-FAO equation is required.
This is done using water balance model for
microcachment water harvesting systems for rainfed
vineyard. For this purpose the mean monthly weather
data of the Bajgah area during 1986-2002 (17 years)
were used for estimation of ET, with Penman-FAO,
Penman-Monteith and Hargreaves equations. The mean
monthly weather data of the study area are shown in
Table 1. The Penman-FAO (Doorenbos and Pruitt,
1977) equation is as follows:

ET, = Cx[0.408xW xR, +(1-W)x f, x(e, —e, )]
2

where ET, is the reference crop potentia
evapotranspiration (mm d*), C is the coefficient that
depends on the wind speed a 2 m height (U,),
maximum relative humidity (RH,) and solar radiation
(Ry), W is the coefficient related to the temperature, R,
is the net radiation (MJ m? d™%), f, is the wind function,
and e, e, are the saturation and actual vapor pressures
(mbar), respectively. More details are reported by
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Doorenbos and Pruitt (1977). The Penman- Monteith  (Allen et al.,1998) equation is as follows:
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ET =0.408MX(R” _G)HXWXUZX(Q‘ —ea)

’ A+yx(1+0.34xU,)

3)

where ET, is the reference crop potentia

evapotranspiration (mm per day), R, isthe net radiation

R, =(0.31+0A55% )R, (4)

where R, is the solar radiation (MJ m? d?), R, is the
extraterrestrial radiation (MJ m? d%), n is the actual
duration of sunshine (hour). and N is the maximum
possible duration of sunshine or daylight hours (hour).

(MIm? d), Gisthesoil heat flux density (MJmi? oY), 1he Hardreaves (Hargreaves “and - Saman,  1985)
T is the air temperature at 2 m height (°C), U, is the € )
wind speed at 2 m height (m s™), and e, and e, are the
saturation and actual vapor pressures (kPa), A is the
slope of vapor pressure curve (kPa °CY) and y is the  ET, =0.408x0.0023x(T,,.,, +17.8)x
psychrometric constant (kPa °C?). More details are
reported by Allen et al. (1998). Also, solar radiation (7, 7, )7 xR, )
(Rs) was computed using the following equation which
was derived for the Bajgah area by Malek (1979):
Table 1- The mean monthly weather data in the Bajgah area (1986-2002).
Month Tmin (°C) Tmax (CC) RHpin (%) RH may (%) n (hour) u(ms™
January -3.63 10.70 32.48 87.91 5.72 1.10
February -3.55 10.54 29.92 86.28 6.61 1.82
March -0.01 13.98 25.81 84.21 6.79 1.66
April 3.32 18.50 24.79 81.23 7.83 1.60
May 7.04 24.32 20.68 78.80 9.31 1.45
June 9.83 30.59 17.76 69.19 11.16 1.28
July 13.41 33.53 19.67 64.13 10.65 1.16
August 13.92 33.31 20.80 65.76 10.30 1.07
September 9.65 31.15 20.54 70.79 10.22 1.05

October 4.55 26.07 21.33 76.33 9.06 0.99
November 0.43 19.83 24.73 81.27 7.84 0.98
December -2.05 13.64 30.55 84.42 5.98 1.08

where ET, is the reference crop potentia
evapotranspiration (mm per day), Tmean Tmax and Tpin
are the mean, maximum and minimum air temperatures
(°C), respectively, and R, has been previously defined.
Also, 0.408 is for converting MJ m™ d™* to mm per day
(Allen et al.,1998).

Results and Discussion

The monthly ET, rates (mm per day) were calculated
with Penman-FAO, Penman-Monteith and Hargreaves
equations by using 17 years data (1986-2002). The
values of mean monthly ET, obtained by different
methods are shown in Figure 1. The results indicated
that the Penman-Monteith and Hargreaves equations

tend to underestimate the monthly ET, for all months
compared with the Penman-FAO method. But their
results are similar to some extent. Table 2 shows the
frequency and percentage of monthly ET, rates (mm
per day) calculated with different methods. The results
indicated that the most frequent estimated values of
monthly ET, rate through 204 months (17 years)
occurred between 3-4, 6-7 and 1-2 mm per day for
Penman-FAO, Penman-Monteith and Hargreaves
equations, respectively. Also, this Table shows that the
monthly ET, rates estimated with Penman-Monteith
and Hargreaves equations are lower than 9 mm per day,
but the ones estimated with Penman-FAQ equation are
less than 13 mm per day during 1986-2002.
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Fig. 1- The estimation of mean monthly ET, ratefor different methods.
Table 2- The frequency and per centage of different values of ET, with different methods.
Penman- FAO Penman- Monteith Hargreaves
1 Cumulative Cumulative Cumulative
ET,(mmd~) Frequency parceniage Frequency percentage Frequency percentage
1 0 0.0 0 0.0 0 0.0
2 1 0.5 38 18.6 47 23.0
3 15 7.8 39 37.7 37 41.2
4 35 25.0 31 52.9 21 515
5 28 38.7 19 62.3 21 61.8
6 9 43.1 31 775 26 74.5
7 29 57.4 43 98.5 37 92.6
8 10 62.3 3 100.0 15 100.0
9 19 71.6 0 100.0 0 100.0
10 25 83.8 0 100.0 0 100.0
11 31 99.0 0 100.0 0 100.0
12 2 100.0 0 100.0 0 100.0

The ratios of monthly ET, for different methods were
calculated for each month of all yearsasS =Y/ X or
Y = S X where S is the slope of the regression line
between the monthly ET;, of the correlated methods (the
regression lines are forced through the origin).

To calibrate the Penman-Monteith equation based on
Penman-FAO equation for the Bajgah area, Y was
considered as ET, rate obtained by Penman-FAQO and X
was considered as ET, rate obtained by Penman-
Monteith. The monthly and annual average slope of
calibration lineis shown in Table 3. The results showed
that the values of S varied between 1.562 for July to
1.836 for January. So, for using the Penman-Monteith
equation for the Bajgah area, these coefficients for
different months should be applied, separately, or the

average calibration coefficient equal to 1.603 should be
applied for all months in a year. Also, Dehghani-Sanij
et a. (2004) showed that the Penman-Monteith
equation is the best method for monthly ET, estimation
for Kargj (a semi-arid region in |. R. of Iran with mean
annual rainfall of 240 mm). They estimated annua E7,
based on Penman-FAO and Penman-Monteith
equations for Kargj (west of Tehran) in 1993 equal to
1641 and 1435 mm, respectively, and 1726 and 1491
mm for 1994, respectively. The ratio of annua ET, of
Penman-FAO to Penman-Monteith equation for these
years is therefore estimated to be equal to 1.144 and
1.158, respectively. Therefore, similar results were
obtained in Karg for annual ET7, compared with
monthly and annual ET, in the Bajgah area.
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Table 3- Theratio between monthly ET, of Penman-FAO
to Penman-Monteith equation.

Table 4- Theratio between monthly ET, of Penman-FAO
to Hargreaves equation and the modified coefficient of
Har greaves equation, Cy,.

Month S n R?
January 1.836 17 0.843
February 1.643 17 0.712
March 1.618 17 0.933
April 1.590 17 0.952
May 1.575 17 0.953
June 1.580 17 0.849
July 1.562 17 0.762
August 1.587 17 0.988
September 1.627 17 0.787
October 1.707 17 0.977
November 1.802 17 0.655
December 1.824 17 0.920
All months 1.603 204 0.973

To calibrate the Hargreaves equation based on Penman-
FAO equation for the Bajgah area, similar analysis was
used. The results for each month of the year and for al
months are shown in Table 4. The results showed that
the values of S for Hargreaves equation varied between
1.466 for July to 2.003 for February. So, for using the
Hargreaves equation in the Bagah area, these
coefficients for different months should be applied,
separately, or an average calibration coefficient equal
to 1.562 should be applied for all months of a year. If
the value of S for each month of year multiplied by the
value of 0.0023, the calibration coefficient (Cy) of the
Hargreaves equation for each month is obtained. The
values of Cy varied between 0.0034 for July and
August to 0.0046 for February, and the average value
of Cy is0.0036 for all months of year. So, for using the
Hargreaves equation in the Bajgah area, the new Cy
values for each month should be applied instead of
0.0023. These results showed that the calibration
coefficient (Cy) of the Hargreaves equation for each
month, to some extent, is higher than 0.0023 which
resulted in a lower estimation of monthly ET,
compared with Penman-FAO equation. Martinez-Cob
and Teero-Juste (2004) showed that the calibration
coefficient (Cy) of the Hargreaves equation is 0.0023
(no changes to common situation) for windy locations
(monthly mean wind speeds above 2 per Sec. are
frequent), and 0.0020 for non-windy locations (monthly
mean wind speeds below 2 m s* are frequent) under the
semi-arid conditions of the middle Ebro River Valley
(NE Spain), based on Penman-Monteith equation.

The values of Cy were determined for different months
in the Bajgah area based on the Penman-Monteith
equation (Table 5). The results showed that the Cy
values varied between 0.0021 for August and October
to 0.0028 for February, and its average value for all
months of year is 0.0022.

Month S Cy n R?
January 1.906 0.0044 17 0.618
February 2.003 0.0046 17 0.572
March 1.873 0.0043 17 0.932
April 1.749 0.0040 17 0.575
May 1.637 0.0038 17 0.689
June 1.544 0.0036 17 0.638
July 1.466 0.0034 17 0.974
August 1.482 0.0034 17 0.962
September 1.522 0.0035 17 0.950
October 1.568 0.0036 17 0.766
November 1.692 0.0039 17 0.575
December 1.778 0.0041 17 0.590
All months  1.562 0.0036 204 0.949

Table 5- Theratio between monthly ET, of Penman-
Monteith to Har greaves equation and the modified
coefficient of Hargreaves equation, Cy.

Month S Cy n R?
January 1.035 0.0024 17 0.882
February 1.198 0.0028 17 0.739

March 1.158 0.0027 17 0.927

April 1.100 00025 17 0.641

May 1.040 0.0024 17 0.822

June 0.978 0.0022 17 0.856

July 0.939 00022 17 0.984
August 0.934 00021 17 0.985
September  0.935 0.0022 17 0.963
October 0.918 00021 17 0.587
November ~ 0.938 0.0022 17 0.954
December  0.993 00023 17 0.859
All months  0.973 0.0022 204 0.961

By considering the mean monthly wind speeds in the
Bajgah area (Table 1), it is known that this area is non-
windy throughout the year. So, according to the results
that obtained by Martinez-Cob and Tejero-Juste (2004),
the Cy value of 0.0020 should be used instead of
0.0023, while it was obtained as 0.0022 instead of
0.0023 for al months of the year in the Bajgah area.
But, according to the Penman-FAO equation, the Cy
value should be 0.0036 instead of 0.0023 in the Bajgah
area in Hargreaves equation. Also, Dehghani-Sanij et
a. (2004) obtained annual ET, for Kargj in years 1993
and 1994 based on Hargreaves equations equal to 1255
and 1316 mm, respectively. Accordingly, the ratios of
annual ET, of Penman-FAO to Hargreaves equations
for these years were 1.308 and 1.312, respectively, and
the ratios of annual ET, of Penman-Monteith to
Hargreaves equations for these years were 1.143 and
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1.133, respectively. Therefore, the values of C were
equation, and 0.0026 for 1993 and 1994 based on
Penman-Monteith equation. The results indicated that
Cy vaue in the Bagjgah area is greater than that for
Karg based on Penman-FAO equation, but its value
based on the Penman-Monteith equation in the Bajgah
areaislessthan that for Karg].

Conclusions

By considering the Penman-FAO equation as base
method for estimation of monthly ET,, the Penman-
Monteith and Hargreaves equations were calibrated in
the Bajgah area for each month of year ,separately, by
using 17 years of weather data. The results showed that
the Penman-Monteith and Hargreaves equations tend to
underestimate ET, compared with Penman-FAO
method for all years of data, but the amounts of ET,, for
Penman-Monteith and Hargreaves equations are close
to each other to some extent. The results of calibrating
Penman-Monteith equation showed that the values of S
(ratio of ET, for Penman-FAO to that for Penman-
Monteith) varied between 1.562 for July to 1.836 for
January, and 1.603 for all months of the year. Also, the
results of calibrating Hargreaves equation showed that
its coefficient (Cy = 0.0023) should be adjusted for the
study area for each month. The adjusted coefficient
varied between 0.0034 for July and August to 0.0046
for February, and 0.0036 for al months of the year.
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