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ABSTRACT 

In this paper Potential evapotranspiration (PET) have been computed using two temperature-based empirical 

models  ie., Hargreaves method (HM)and Thornthwaite method(TM ) for three  different cities  Riyadh abha 

and Jeddah representing Arid, Moderate and Humid climate respectively in kingdom of Saudi Arabia. Climatic 

data from the weather stations, Riyadh,Abha, Jeddah respectively, were used to compute daily PET in 

accordance with the  two temperature-based models.The result byHargreaves method shows that Riyadh has 

highest evapotranspiration rate per followed by Jeddah and the least value is found for Abha city.While the 

result obtained from Thornthwaite methodshows that Jeddah has highest evapotranspiration rate per year 

followed by Riyadh and the least value is found for Abha city . 
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I. INTRODUCTION 

 

The concept of Potential Evapo-Transpiration PET provides a convenient index to estimate the maximum water 

loss to the atmosphere. Estimates of PET are necessary in many of the rainfall-runoff and ecosystem models that 

are used in global change studies [2,6]. 

There are various models for estimating Potential Evapotranspiration PET. PET models are classified depend 

upon the weather parameters that play the dominant role in the model. The generally classification include: the 

temperature-based models [2,17]; Hargreaves and Samani[9]; the mass-transfer models (based of vapour 

pressure or relative humidity,[8,16]; the radiation models (based on solar radiation, [13,15], and the combination 

models (based on the energy balance and mass transfer principles, [1,5,14]. 

The temperature-based PET models are some of the earliest methods for estimating PET [18].Temperature-

based model are simple to use and economical as they require less time and effort to apply them. There are list 

of temperature-based model, but [1] recommended the Hargreaves- Samani model (called the Hargreaves 

model) as the model that should be used to calculate PET when only air temperatures data are available for 

computing PET. Another temperature-based model that has been reported to be very convenient to use [10] and 

has better performance rating for semi-arid and arid conditions is the [11]  model [7]. The Jensen-Haise model 
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was classified as a solar radiation model [4,12].But air temperature plays a dominant role in the model 

expression. Therefore it can also be regarded as a temperature-based model..Temperature-based models have 

some limitations in terms of the extent of use. According to James[10], temperature based models are not as 

accurate as the Penman-type equations (the combination models) for period of less than 5 days. The American 

Society of Civil Engineers (ASCE) Irrigation Water Requirement Committee recommended the use of the 

Jensen-Haise method for estimating ETo for periods of 5 days to a month [4]. 

 

II STUDY AREA 

 

The present work deals with three cities of Saudi Arabia-Jeddah, Riyadh and Abha representing  different 

climatic condition-Humid, Arid & Moderate Climaterespectively. Jeddah  is located at center of western Saudi 

Arabia. It is the largest city in Makkah Province, the largest sea port on the Red Sea, and the second-largest city 

in Saudi Arabia. Riyadh is the capital and largest city of Saudi Arabia. It is also the capital of Riyadh Province, 

and belongs to the historical regions of Najd and Al-Yamama. It is situated in the center of the Arabian 

Peninsula on a large plateau. Abha is the capital of Asir province in Arabia. It is located in the Southern Region 

of Asir. It is situated at (2,200 meters) above sea level. The city is generally mild throughout the year, though 

it’s noticeably cooler during the “low-sun” season. Abha seldom sees temperatures rise above 35

 C during the 

course of the year. 

 

Fig. 1 Study Area 

 

III. MATERIAL AND METHODS 

 

Hargreaves and Samaniproposed several improvements to the Hargreaves equation for estimating grass-related 

reference ET (mm d
−1

); one of them has the form: 

ET = aRaTD
1/2

(Ta + 17.8)            (1) 

Where a = 0.0023 is a parameter; 

https://en.wikipedia.org/wiki/Saudi_Arabia
https://en.wikipedia.org/wiki/Saudi_Arabia
https://en.wikipedia.org/wiki/Saudi_Arabia
https://en.wikipedia.org/wiki/Makkah_Province
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TD = the difference between maximum and minimum daily temperature in ◦C; 

Ra= the extraterrestrial radiation expressed in equivalent evaporation units. For a given latitude and day Rais 

obtained from tables .The only variables for a given location and time period is the daily mean, max and min air 

temperature. Therefore, the Hargreaves method has become a temperature-based method 

The monthly PE according to Thornthwaite's method  has been calculated from the following formula:  

PE = 16 (10 t/I)
a
                               (2) 

where PE  -Potential evapotranspiration mm per month (month of 30 days each and 12 hours day time); t = 

mean temperature, °C; I = annual or seasonal heat index = summation of 12 values of monthly heat indices  

                                     (3) 

 (Here, ti = temperature in °C of ith month);  

and a = an empirical exponent 

=0.675x10
-6

I
3
-0.771x10

-4
I

2
+0.1792x10

-1
I+0.49239 

For the computation of Potential Evapotranspiration using Hargreaves empirical equation, Input datas are daily 

mean, max and min air temperature & also difference between max and min air temperature, Extra-terrestrial 

radiation While forThornthwaite's method  month temperature and heat index are required  which are given in 

table I, II, III. Also Fig 2 to 6 Shows Input data which are plotted to show monthly variation. 

Table I Input Data for Jeddah   Table II Input Data for Riyadh 

        

Table III Input Data for Abha 
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Fig. 2 Minimum Temperature per month      Fig. 3 Maximum Temperature per month 

      

Fig. 4 Mean Temperature per month    Fig. 5 Minimum Temperature difference per month 

 

Fig. 6 Extraterristrial Radiation per month 
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IV. RESULT AND DISCUSSIONS 

 

The mean monthly temperature in Riyadh area varies between 13.5 to 35.1C ,Temperature difference varies 

between 13.3 to 17.8 and Extra-terrestrial Radiation varies from 3.81 to 6.76MJm
-2

day
-1

.In Jeddah, . The mean 

monthly temperature varies between 23.7 to 37.2C ,Temperature difference varies between 10.7 to 13.5 and 

Extra-terrestrial Radiation varies from 4.12 to 6.66MJm
-2

day
-1

.In Abha the mean monthly temperature varies 

between 13.7 to 23.8C ,Temperature difference varies between 11.7 to 14.6 and Extra-terrestrial Radiation 

varies from 4.45 to 6.54MJm
-2

day
-1

 

The result computed  for Potential Evapotranspiration using the temperature based empirical Equation 

Hargreaves method is  plotted and in figure 7 &8 for three different climatic Condition i.e. Arid-Riyadh, Humid-

Jeddah, Moderate-Abha.The result byHargreaves method shows that Riyadh has highest evapotranspiration rate 

per followed by Jeddah and the least value is found for Abha city.While the result obtained from Thornthwaite 

methodshows that Jeddah has highest evapotranspiration rate per year followed by Riyadh and the least value is 

found for Abha city 

 

Fig.7 Potential Evapotranspiration per day 

 

 Fig.8 Potential Evapotranspiration per month 
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V CONCLUSION 

 

Computation of Potential Evapotranspiration has been performed for three different Cities of Kingdom of Saudi 

Arabia.ie.,Riyadh, Jeddah &Abha showing different climatic conditions using two method .Weather data for 

Riyadh representing arid climate, Jeddah representing humid climate and Abha representing moderate climate 

were analyzed. The data was used for defining weather characteristics.Figure 7& 8 represents the daily 

&monthly variation of PET throughout the year. The graph obtained from Hargreaves method   shows clearly 

for Riyadh the increasing trend of PET from January to July and there after decreasing trend up to December 

with highest value of 3.39mm/day for the month of July. For Jeddah the increasing trend of PET from January to 

June and there after decreasing trend up to December with highest value of 2.78mm/day for the month of June. 

For Abha the increasing trend of PET from January to July and there after decreasing trend up to December with 

highest value of 2.37 mm/day for the month of June.  While The graph  obtained from Thornthwaite's method  

shows clearly for Riyadh the increasing trend of PET from January to July and there after decreasing trend up to 

December with highest value of 11.73 mm/day for the month of July. For Jeddah the increasing trend of PET 

from January to August and there after decreasing trend up to December with highest value of11.4 mm/day for 

the month of August. For Abha the increasing trend of PET from January to june and there after decreasing 

trend up to December with highest value of 3.58 mm/day for the month of June. This indicates that there is 

higher need to manage the surface water resource and utilise the same for consumptive purposes. 
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