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Abstract: The present research has been conducted aiming at simulation of the effect of climate 
changes on evaporation in Tabas. This research considers both the changes of the trend of the 
observational meteorological data in the past decades and the changes of the future decades. In 
evaluation of the evaporation data of the Tabas in the past decades, the statistical period of 1953 to 
2009 has been considered.  In the next step and in order to identify the changes of temperature of the 
future decades, meteorological data has been simulated based on GCM models. To do so, GCM model 
have been used based on a single scenario called P50. Consequently, the results show that temperature 
rise occurs in all studied months, while these variations in annual temperature rise is accompanied with 
temperature rise of +0.35 C° in every decade from 1953 to 2009. But after simulation of temperature 
changes for the future, the results indicated that the Tabas’s temperature in 2100 would have an 
increase of 4.25 centigrade degree in comparison with the average temperature of the period from 1960 
to 1990.Also, in general, by simulating evapotranspiration rate, it has been found that in most months 
of the year, especially the warm seasons (spring and summer), evapotranspiration rate is more than the 
long-term mean, so that we would experience warmer springs and summers than previous decades. On 
the other hand, considering the fact that evapotranspiration rate would have the increase of 684.31 mm. 
to the long-term mean by 2100, the intensification of water requirement in different areas especially 
agriculture may be appeared as a big problem and great crisis. In such a climatic conditions, there 
would be no place for dry farming, so the main focus is mostly on irrigation, which is itself faced with 
serious problems because of unavailability of water resources such as lakes, rivers, and etc….   
 
Key words: Simulation, GCM, Arid region, Evaporation, Water Requirement, Tabas. 

 
INTRODUCTION 

 
Global surface temperatures on earth have increased by approximately 0.6 °C over the last century and the 

past two decades were the warmest since 1861 (Houghton et al., 2001). The Intergovernmental Panel on Climate 
Change (IPCC) predicts increases in global average surface temperature from 1.1 to 6.4 °C for the year 2100 
(Solomon et al., 2007). 

Global warming would cause serious problems to the sustainability of our society. With the developments 
of General Circulation Models (GCMs) and Geographic Information System (GIS), the assessment of global 
warming impacts Evaporation is possible. The GCMs can provide worldwide meteorological estimation of 
atmosphere pressure, air temperature, and precipitation, and the GIS can process the available remote-sensing 
datasets, such as land elevation and land use (Kojiri et al., 2008). 

Evaporation is an important component of the hydrological cycle and influences the availability of water, 
particularly for agriculture. Climate change resulting from global warming could have a critical impact on 
evaporation and hence water availability. The identification of evaporation trends in response to changing 
climatic conditions could help to quantify the potential impacts of climate change on evaporation. 

It is important to distinguish between potential evaporation, actual evaporation and pan evaporation. 
Brutsaert (1982) describes potential evaporation as evaporation that would occur if energy is the only 

limiting factor (i.e., the availability of moisture does not limit the evaporation). Actual evaporation is described 
as the average evaporation from a large region. Since moisture availability may be a limiting factor, actual 
evaporation will often be less than the potential evaporation. Finally, pan evaporation refers to estimates of 
evaporation obtained from an evaporation pan. Since moisture is not a limiting factor in an evaporation pan, pan 
evaporation is an estimate of potential evaporation (Donald et al., 2007). 

Loaiciga et al. (1996); Trenberth (1998) and Douville et al. (2002) predict an intensified hydrological cycle 
in response to increasing temperatures from global warming. An expected result of the intensification is an 
increase in the evaporation rate, possibly leading to more arid environments. 

All IPCC regions show an overall net negative impact of climate change on water resources and Freshwater 
ecosystems (high confidence).Areas in which runoff is projected to decline are likely to face a reduction in the 
value of the services provided by water resources (very high confidence). The beneficial impacts of increased 
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annual runoff in other areas will be tempered by the negative effects of increased precipitation variability and 
seasonal runoff shifts on water supply, water quality, and flood risks (high confidence) (IPCC, 2007). 

 Also numerous studies have been carried out on the impact of climate variability and change on crop 
production as a function of water balance (Mearns et al., 1992; Bacsi and Hunka´r, 1994;Semenov and Porter, 
1995; Eitzinger et al., 2000; Xie et al., 2001; Alexandrov et al., 2002; J. Eitzingera, 2003). The anticipated 
climatic changes will have considerable effects on cropping systems worldwide. Both positive and negative 
temperature and precipitation trends have been established with a fair degree of accuracy during recent decades 
(IPCC, 2001) while changes in global evaporation rates are still under discussion .Climate change impact studies 
on crop production are affected by uncertainties, however, which can be caused by several factors (Carter et al., 
1999).To estimate changes in potential irrigation demand climatic scenarios are developed from observed trends 
rather than from GCM results. Particular emphasis is put on the effects of inter annual climatic variability in the 
scenarios. 

A key question is how much irrigation water is actually necessary under present and future climatic 
conditions to support the Tabas agriculture. The capacity to supply irrigation water is the key to future sustained 
or even extended agricultural production. 

 
Natural Properties of Region: 

The City of Tabas, the center of Tabas County, is a Arid city located in the northeastern side of Yazd(fig1). 
Formerly part of Khorasan Province, the city is located in 33 degrees, 35 minutes northern, 56 degrees, and 55 
minutes eastern in a region with hot desert climate. Tabas has an altitude of 690 meters above the sea level. In 
the east of Tabas, a mountain range called Shotori(Camel-like in local dialect) is located, forming the eastern 
side of the Tabas Great Cavity. The drink water of Tabas is provided by the merging of many springs, which 
come to the city through aqueducts and comes to the surface in a place called ‘Ferevang’. This water also 
provides the water needed to operate several mills due to the natural slope of the ground. In older times, this 
water had come to the city after passing and irrigating the Golshan Garden. In the city, this water provided the 
water needs of many gardens and neighborhoods and finally reached water reservoirs. Distance from cities with 
fertile soils and the hardships of desert road made impossible the pass of food stocks susceptible to 
contamination, and thus, people produced the fruits and vegetables themselves. Exported products of the city 
included often products such as whit and barely and corns which are not easily contaminated or corrupted. In 
some areas around Tabas, rice is grown (Figure 1).  

Climatologically, Tabas is classified under the hot and dry region of Iran, with very low average annual 
precipitation. The city is located in the Desert Belt of the world. 83 percent of the area of the county suffer hot, 
dry, and ultra-dry climate, 12 percent is temperate, and 5 percent, enjoy mountain climate. The maximum and 
minimum temperature in Tabas belongs respectively to July with 53 degrees and to February with9 degrees, 
with average annual precipitation of 91.6mm, relative humidity of 15 to 60 percent. The maximum seasonal 
precipitation average belongs to winter (about 49.3 percent), to spring (about 28.6 percent), and to autumn 
(about 5.8 percent) and the possibility of precipitation is zero in summers. 

 

 
Fig. 1: Specification of Tabas Station in Iran’s map. 
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MATERIAL AND METHODS 
 
1.1. Trend of Evaporation in Past and Recent: 

The first part is related to analysis of the Tabas's evaporation trend by the use of the existing data. To 
evaluate Tabas's evaporation trend using the available data, the mean temperature from Jan.1953 to Dec. 2009 
have been used.  

The trend tests are classified into two parametric and nonparametric groups. The presupposition of the 
parametric tests is that the data are random and outcomes of a normal distribution. Still, the presupposition of 
normality of the data does not exist in the nonparametric tests. Therefore, in case the normality of the data is not 
reliable, it is more confident to use nonparametric tests. Notwithstanding, some researchers have proved that the 
difference between the results of the two methods is not significant in regard to many of the climate components 
(Roshan et al.,2011).  

Here, for the purpose of performing the evaporation trend test, we suppose that evaporation is a linear 
function of time; therefore, the changes model would be as follow (Eq.1):            
 

TimenEvaporatio                                 (1) 

 
It is evident that a positive value of β indicates the evaporation increase by time, and a negative value for β 

indicates the evaporation decrease by time. If β=0 the presupposition is not proved. But since the value of β is 
definite, an estimation of β is obtained from the following equation with 95% of reliability (borna, 2011):  

  
  
                                   (2)  

 
If the upper and the lower limits of β, achieve by this method, are both positive, the presupposition of 

increasing trend of evaporation is not rejected. If the upper and he lower limits of β are both negative, the 
presupposition of decreasing trend of evaporation is rejected. If one of the upper or the lower limit is positive 
and the other one is negative, the trend presupposition is not confirmed.  
 

RESULTS AND DISCUSSION 
 
2.1. Analysis of Evapotranspiration Trend of Tabas in a Period from 1953 to 2009: 

At this stage, first the variation trend of temperature components for Tabas station has been studied and 
analyzed. The results indicate temperature rise trend in all months of the year. The temperature rise for the 
months of autumn is respectively as follows: January (r=0.14), February (r= 0.10), and March (r =0.07). In 
general, however this temperature trend is increasing for the months of winter; it does not show an acceptable 
significant level. In the months of spring, the trend of temperature rise shows a significant level which are 
respectively as follows: April (r = 0.36), May (r=0.26) and January (r= 0.42). This trend has been also done for 
the months of summer, in which the months of July with (r =0.31), August (r= 0.34) and finally September (r = 
0.39) have shown a reliable significant level. In the study done for recognizing temperature variation trend in 
autumn, we have had the maximum significant level of temperature rise in this season as compared with other 
seasons of the year in which October (r=0.46), November (r=0.47) and December (r= 0.39) have shown the 
highest significant level. Generally, the annual temperature variation with (r =0.59) indicates temperature rise 
with the rate of 0.35 C° in every decade from 1935 to 2009.  

However, in the study conducted for recognizing the trends of evapotranspiration component, we could 
mention the following results: 

Based on the statistical period from 1953 to 2009, the minimum mean evapotranspiration in January has 
been 5.92mm. In average, the evapotranspiration rate of this month has had a decrease of -0.02mm. in every 
decade. The statistical values related to evapotranspiration trend are as follows (p=0.585; r = -0.08). In the 
second month of winter, February, the monthly long-term mean evapotranspiration has been calculated to be 
12.68mm., which is increased by about +0.10mm. in every decade. (p=0.532; r = -0.09) (Table1). For March in 
which the long-term mean evapotranspiration is 31.67mm. The evapotranspiration has an increase of +0.37mm. 
In every decade (p=0.410; r = -0.12). 

In the calculation done for the months of spring, the long-term mean evapotranspiration in April, May, and 
January are respectively (69.55), (117.09), (176. 56)mm., that the increase of this component in every decade is 
respectively as follows: 1.09 (April), 3.19 (May), and 3.96mm. (January). The statistical values for variation of 
the trend of this component were calculated and the following values are obtained: April p=0.05; r (= 0.26), 
May (p= 0.063; r = 0.07) and January (p= 0.000.; r = 0.51) (Table 1).  
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Fig. 2: Long-term Trend (1953-2009) Recognition of Evapotranspiration in the Months of winter. 

 

 
 
Fig. 3: Long-term Trend (1953-2009) Recognition of Evapotranspiration in the Months of spring. 

 
The highest monthly mean evapotranspiration is seen in summer. This mean has been calculated for July 

(202.81), August (177.71) and September (129.29) mm. respectively. Moreover, the highest evapotranspiration 
increase in every decade has been allocated to July with the rate of 6.03mm., 4.52 for August and finally 3.38 
for September. The statistical values of trend variation has been (p=0.001; r=0.51) for July, (p=0.003; r = 0.040) 
for August and (p=0.002; r = 0.41) for September.  

 

 
 
Fig. 4: Long-term Trend (1953-2009) Recognition of Evapotranspiration in the Months of summer. 
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In autumn, known as the first cold season of the year, the monthly mean evapotranspiration is again 
decreased, as compared with the warm seasons of the year that are spring and summer, so that the long-term 
mean extracted for October is (69.50), November is (26.68) and December is (9.26). The increase of 
evapotranspiration has been calculated for every decade, so that it is +3.37mm. for Oct. (p=0.004; r = 0.39), 
+0.53mm. for November (p=0.028; r = 0.30) and +0.44mm. for December (p=0.065; r = 0.25) (Table 2).  

 

 
 
Fig. 5: Long-term Trend (1953-2009) Recognition of Evapotranspiration in the Months of Autumn. 

 
Table 1: Statistical Values related to Long-term Trend of Evapotranspiration Variations in Tabas Station. 

Months Evaporation Slop EP(mm/decade ) SE R2 P 
Jan -0.02 3.4 0.01 0.585 
Feb 0.10 5.25 0.01 0.532 
Mar 0.37 7.74 0.01 0.410 
Apr 1.09 10.76 0.07 0.059 
May 3.17 13.06 0.07 0.063 
Jun 3.96 11.31 0.26 0.000 
Jul 6.03 19.49 0.19 0.001 

Aug 4.52 20.2 0.16 0.003 
Sep 3.38 14.31 0.17 0.002 
Oct 3.37 9.48 0.15 0.004 
Nov 0.53 3.31 0.09 0.028 
Dec 0.44 4.31 0.06 0.065 

SE: standard error; R2: linear regression; P: significance value 
 

2.2. Simulation of Temperature and Evapotranspiration Value Using Proposed Models of GCM For the 
Future Decades: 

Considering the significance of recognizing the effect of global warming on evapotranspiration variations in 
future decades, here we apply HADCM2 model to simulate temperature rate in 2025, 2050, 2075, 2100 decades.  

 
2.3. Background Information about HadCM2: 

The experiments performed at the Hadley Centre used the Unified Model (Cullen, 1993 cite in website of 
IPCC). These experiments represented a large step forward in the way that climate change was modelled by 
GCMs and raised new possibilities for scenario construction. This experiment overcame some of the major 
difficulties that were associated with the previous generations of equilibrium (circa IPCC 1990 website of IPCC) 
and cold-start transient (circa IPCC 1992) climate change experiments. 

HadCM2 has a spatial resolution of 2.5° x 3.75° (latitude by longitude) and the representation produces a 
grid box resolution of 96 x 73 grid cells. This produces a surface spatial resolution of about 417km x 278 km 
reducing to 295 x 278km at 45 degrees North and South (comparable to a spectral resolution of T42). 

The equilibrium climate sensitivity (DT2x) of HadCM2, that is the global-mean temperature response to a 
doubling of effective CO2 concentration, is approximately 2.5°C, although, this quantity varies with the time-
scale considered. This is somewhat lower than most other GCMs (IPCC, 1992 cite in website of IPCC). 

In order to undertake a 'warm-start' experiment it is necessary to perturb the model with a forcing from an 
early historical era, when the radiative forcing was relatively small compared to the present. The Hadley Centre 
started their experiments performed with HadCM2 with forcing from the middle industrial era, about 1860 
(Mitchell et al., 1995; Johns et al., 1995 cite in website of IPCC). 
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The greenhouse gas only integrations, HadCM2GG, used the combined forcing of all the greenhouse gases 
as an equivalent CO2 concentration. A further series of integrations, HadCM2GS, used the combined equivalent 
CO2 concentration plus the negative forcing from sulphate aerosols. The HadCM2GG integrations simulated the 
change in forcing of the climate system by greenhouse gases since the early industrial period (taken by HadCM2 
to be 1860). The addition of the negative forcing effects of sulphate aerosols represents the direct radiative 
forcing due to anthropogenic sulphate aerosols by means of an increase in clear-sky surface albedo proportional 
to the local sulphate loading (refer to Mitchell et al., 1995 for details of this method). The indirect effects of 
aerosols were not simulated. 

The modelled control climate shows a negligible long term trend in surface air temperature over the first 
400 years. The trend is about +0.04°C per century, which is comparable to other such experiments. 
HadCM2CON represents an improvement over previous generations of GCMs that have been used at the 
Hadley Centre (Johns et al., 1995; and Airey et al.,1995 cite in website of IPCC). 

The experiments performed have simulated the observed climate system using estimated forcing 
perturbations since 1860. Johns et al., (1995 cite in website of IPCC) and Mitchell et al., (1995 cite in website 
of IPCC) have established that HadCM2's sensitivity is consistent with the real climate system. The agreement 
between the observed global-mean temperature record and that produced in these experiments is better for 
HadCM2GS than for HadCM2GG. This implies that HadCM2Gs has captured the observed signal of global-
mean temperature changes better than HadCM2GG for the recent 100-year record. 
 
2.4.Trend of Evaporation in Future: 

First in this part, the values of temperature rise in Tabas station has been forecasted for different months of 
the future decades, and the results indicate temperature rise with the rate of 4.53 C° as compared with the long-
term mean (1960-1990) until the year 2100. In this regard, the highest mean temperature rise is simulated by the 
year 2100 with 3.6 C° in September and 1.8 C° in February (Table6).  

 

 
 
Fig. 6: Simulation of Monthly Temperature Rise for Tabas Station by the Year 2100. 
 

 
 
Fig. 7: Simulation of Monthly Evapotranspiration Rise for Tabas Station by the Year 2100. 
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In the study conducted for monthly evapotranspiration values, it has been specified that, in most months we 
see the increase of evapotranspiration value except for the months of January (R2=0.15; r = -0.39), February 
(R2=0.94; r = -0.97), and December (R2=0.56; r =- 0.75). The highest mean is related to July from the year 2025 
to 2100, which is about 284mm., while the lowest value is simulated for January with the rate of 0.65mm. 
Therefore, the statistical values related to increasing trend of evapotranspiration for different months are as 
follows: March (R2=0.84; r = 0.92), April (R2=0.90; r = 0.95) , May (R2=0.99; r = 0.99) , Jun (R2=0.98; r = 
0.99), July (R2=0.99; r =0.99), August (R2=0.99; r = 0.99) , September (R2=0.96; r = 0.98 ), October (R2=0.97; r 
= 0.98) , November (R2=0.89; r =0.94). 
 
Conclusion: 

Analyzing monthly temperature mean data from the years 1953 to 2009, it has been specified that we have 
temperature rise in most months. In general, annual temperature variations (r=0.59) indicate temperature rise 
with the rate of 0.35 C° in every decade from the year 1935 to 2009. Although, evapotranspiration rise is seen in 
almost all months, the decrease of evapotranspiration is occurred in January with the rate of -0.02mm. in every 
decade and the highest evapotranspiration is seen in July with the increasing rate of 6.03mm. in every decade. 
Analyzing variations in annual evapotranspiration trend, it has been found that there is an increase of 
evapotranspiration with the rate of 26.95mm. from 1950 to 2009, and the statistical values of these variations are 
as follows: ( p=0.000 ; R2 = 0 , 38). Simulating the effect of global warming on temperature variations, it has 
been specified that the temperature of Tabas station would be increased to 4.53mm. by the year 2100, while the 
highest temperature rise for the future decade is seen in September with the mean of 3.6 C°. The simulated data 
of monthly evapotranspiration indicates decreasing trend for the months of January, February, and December. 
This evapotranspiration decrease has shown an acceptable significant level (R2=0.94; r = -0.97) for February as 
compared with January and December. In other months, in which we have evapotranspiration rise, it is in an 
acceptable and reliable level. In general, evapotranspiration mean has shown an increasing rate of (115.64 mm) 
in 2025, (268.11 mm) in 2050, (425.83 mm) in 2075, and (684,  . 31mm) in 2100, as compared with the long-
term mean (999.98mm) from 1990 to 1960. Therefore, since most precipitation of Tabas station occurs in cold 
periods of the year, especially in winter, it is expected that warm periods of the year (spring and summer) cause 
the decrease of water resources due to temperature rise, and consequently maximum evapotranspiration rise, and 
we would experience warmer and dryer summers and springs as compared with previous decades. On the other 
hand, it could be observed that the decrease of evapotranspiration will occur in cold periods of the year, and if 
this evapotranspiration decrease comes with the increase of precipitation, it is expected that the cold periods of 
the year be more humid than previous decades. However, in general, annual evapotranspiration rise is 
introduced as a serious problem in the crisis of water resources, agricultural activities, etc… for Tabas region in 
the future decade, so that the major part of cultivation is changed from dry-farming to irrigation. 
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