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Abstract
Purpose – This study aims to present the climate change effect on potential evapotranspiration (ETP) in
future periods.
Design/methodology/approach – Daily minimum and maximum temperature, solar radiation and
precipitation weather parameters have been downscaled by global circulation model (GCM) and Lars-WG
outputs. Weather data have been estimated according to the Had-CM3 GCM and by A1B, A2 and B1 scenarios
in three periods: 2011-2030, 2045-2046 and 2080-2099. To select the more suitable method for ETP estimation,
the Hargreaves-Samani (H-S) method and the Priestly–Taylor (P-T) method have been compared with the
Penman-Monteith (P-M) method. Regarding the fact that the H-S method has been in better accordance with
the P-Mmethod, ETP in future periods has been estimated by this method for different scenarios.
Findings – In all five stations, in all three scenarios and in all three periods, ETP will increase. The highest
ETP increase will occur in the A1B scenario and then in the A1 scenario. The lowest increase will occur in the
B1 scenario. In the 2020 decade, the highest ETP increase in three scenarios will occur in Khorramabad and
then Hamedan. Kermanshah, Sanandaj and Ilam stations come at third to fifth place, respectively, with a close
increase in amount. In the 2050 decade, ETP increase percentages in all scenarios are close to each other in all
the five stations. In the 2080 decade, ETP increase percentages in all scenarios will be close to each other in
four stations, namely, Kermanshah, Sanandaj, Khorramabad and Hamedan, and Ilam station will have a
higher increase compared with the other four stations.
Originality/value – Meanwhile, the highest ETP increase will occur in hot months of the year, which are
significant with regard to irrigation andwater resources.

Keywords Climate change, HadCM3, Lars-WG, Potential evapotranspiration,
Statistical downscaling

Paper type Case study

1. Introduction
Global warming owing to an increase in greenhouse gases leads to climate change all
around the earth. Climate change has found a great significance during recent years. Initial
studies by intergovernmental panel on climate change (IPCC) indicated changes in different
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climate parameters, such as temperature, precipitation, snow coverage and sea levels, owing
to climate change (IPCC, Climate Change, 2014). The hydrologic cycle has also been affected
by this phenomenon (Peng et al., 2013). It is important to study the climate change effect on
hydrologic cycle parameters, such as runoff, evapotranspiration (ETP), surface storage and
soil moisture, to evaluate conditions of water resources, flood damage amount and
hydrologic balance (Xu et al., 2013).

Considering the following factors, population growth, humans’ need for food and water
resources changes due to climate change, it seems so significant to evaluate the climate
change effects on ETP. ETP is needed both in agricultural water requirement planning and
hydrologic conceptual models (Allen et al., 1998).

In climate change studies, global circulation models (GCMs) and regional climate models
are widely used (IPCC, Climate Change, 2007). GCMs simulate annual or seasonal means of
large-scale climate properties. As a matter of fact, their spatial and temporal accuracy do not
agree with required hydrologic models’ accuracy. By using downscaling methods, we can
change GCM outputs in to the data with the scales of a given basin. GCM downscaling
statistical methods can predict climate change scenarios in an area better than other
methods (Wilby and Dawson, 2013).The present study uses the Lars-WG downscaling
model. Lars-WG is a stochastic weather generator which is used to simulate climate data in
a given station at present and future conditions affected by climate change. Its data is in the
form of daily time series for a set of climate variables, such as precipitation, minimum and
maximum temperature and sunshine (Semenov and Barrow, 2007). In the new version of
this model, a complete development has been established to provide a powerful model to
produce artificial climate data in an extensive climate area. This model has been compared
with other stochastic generations with extensive application which use the Markov chain. In
the areas with climate variation, it has been specified that if the results are not better than
other models, they are at least as good as them (Semenov and Barrow, 2007).

Using the Lars-WG stochastic weather generator, climate change scenarios with high
accuracy have been presented to be used in agriculture and hydrology fields (Semenov,
2007). The results have been used to analyse present and future extreme climate events and
to study climate change effects on wheat in England. Using the data of 20 stations in
different parts of the world with different climates, the ability of the Lars-WG weather
generator model to simulate extreme weather events has been studied (Semenov, 2008).

Tiegang et al. (2016) studied reference evapotranspiration (ETO) changes in the
southwest of China. Results showed that there was a slight downward trend of ETO from
1960 to 2010 and spatially increasing trend from northeast to southeast in an annual time
scale. Katerji et al. (2016) made a comparison between Allen and Katerji and Perrier
formulas for calculating daily ETO. These two formulas have been compared for both the
observed period and the future period (2070-2100). Liu et al. (2017) investigated the
spatiotemporal patterns of evapotranspiration (ET) and primary driving meteorological
variables based on a historical and RCP 8.5 scenario daily data set from 40 weather stations
over the 3H Plain using linear regression, spline interpolation method, a partial derivative
analysis and multivariate regression. Temperature-based methods may be particularly
prone to error when extrapolated into the future to assess effects of greenhouse gas-driven
warming on potential evapotranspiration (PET). Such biases are derived from the fact that
increasing temperature by increasing solar radiation would likely cause a greater increase in
PET than would increasing temperature by increasing greenhouse gases, because radiation
provides the energy driving ETP (King et al., 2015).

In different research works, the climate change effect on ETP has been evaluated. The
climate change effect on hydrologic cycle parameters such as reference ETP was studied in
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the Guishui River Basin in China (Guo et al., 2014). Reference ETP change in the Haihe River
Basin in China owing to climate change was evaluated in the observed period and in the
future period (Xu et al., 2013).

During the recent years, many researchers tried to calibrate the Hargreaves model
(Gavilan et al., 2006; Tabari and Talaee, 2011; Berti et al., 2014; Shiri et al., 2014, 2015; Marti
et al., 2015; Cobaner et al., 2016; Xu et al., 2016; Feng et al., 2017).

The results obtained from most of the mentioned studies indicated that ETP has an
increasing trend owing to climate change. This leads to an increase in water requirements of
plants and presents worry regarding water resource management.

Themain objective of the present study is to provide answers to the following questions:

Q1. Which of the mentioned formulas can simulate the amounts of ETP in the western
part of Iran?

Q2. If the more proper ET formula is applied in climate change scenarios for future,
what results can be observed?

Changes in ETP in regards to meteorological parameters and agricultural production
practice should be given greater attention. It receives more significance when we consider
the hydrological process and water management in the coming decades regarding climate
change. It is in order to avoid problems such as the overexploitation of groundwater
resources.

2. Materials and methods
2.1 Data
The area which is studied includes five provinces in the west of Iran, which is surrounded
by mountains and has a semi-arid weather (Figure 1). The required data have been received
from the Iran meteorological organization. Regarding the fact that circulation scenarios have
been calculated based on period weather parameters since 1960, the stations which possess
sufficient data in this period are Kermanshah, Hamedan, Khorramabad, Sanandaj and Ilam
synoptic stations. Therefore, the data of these stations have been used to continue the
present study (Table I).

2.2 Lars-WG stochastic weather generator
Lars-WG model has been established according to the weather generator series, which has
been analysed by Racsko et al. (1991). In Lars-WG version 5, minimum and maximum

Figure 1.
Location of the

stations used in Iran
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temperatures for dry and wet days are estimated for each month by a semi-empirical
distribution which is calculated by auto-correlation and a monthly cross-correlation
coefficient. Applying these changes leads to a significant improvement in the extreme
temperature simulation (Semenov and Stratonovitch, 2010).

2.3 Climate change scenarios
For more climate-predicting models, there are different circulation scenarios, including B1,
A1B and A1. In the B1 scenario, the assumption is based on an endurable world, rapid
change in economic constructions, human rights equality development and a care for
protecting our environment. With this assumption, greenhouse gas circulation can be
controlled and a pollutant controlling programme for factories and industries will be carried
out. In the A1B scenario, the assumption is based on a wealthy world with a rapid economic
growth (3 per cent per year), population growth decrease (27 per cent per year), rapid new
and effective technology, cultural and economic convergence and a fundamental decrease in
regional differences. In the A2 scenario, the assumption is based on the existence of a
separate world. Different cultural identities in different parts of the world lead to more
differences in the world and a decrease in international cooperation. Local customs and
growth increase are emphasized, and there is less emphasis on economic issues (1/65 per
cent per year) (IPCC, Climate Change, 2001; IPCC, Climate Change, 2007). In the present
study, the Had-CM3 GCMhas been used.

2.4 Potential evapotranspiration
There are different methods for estimating daily ETP. The most reliable and common
method is the Penman–Monteith (P-M) method. In this method, parameters such as the
relative moisture, wind speed and sunshine hours are needed, besides minimum and
maximum daily temperature. In this study, regarding the fact that the data cannot be
downscaled by Lars-WG, estimation of ETP in future periods is carried out by using
methods which make it possible to calculate ETP with present variables. Among different
methods, two were selected and used, namely, the Hargreaves-Samani (H-S) method and the
Priestly-Taylor (P-T) method. The reason is that these methods possess an almost high
accuracy and also need less meteorological data, compare with other methods (Samani,
2000). According to this fact, the P-M method is considered as the reference method. The
accuracy of the two methods is evaluated by the P-M method. To compare the results, the
values of the root mean square error (RMSE), mean absolute error (MAE) and mean bias
error (MBE) statistical indices are used.

The description of the details of ETP methods is available in previous work (Allen et al.,
1998; Priestley and Taylor, 1972; Samani, 2000).

Table I.
Properties of the
desired synoptic
stations

Station Latitude (°N) Longitude (°E) Altitude (m a.s.l.)

Hamedan 35° 12' 48° 43' 1,679.7
Khorramabad 33° 26' 48° 17' 1,147.8
Kermanshah 34° 21' 47° 09' 1,318.6
Sanandaj 35° 20' 47° 00' 1,373.4
Ilam 33° 38' 46° 26' 1,337.0
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3. Results and discussion
Monthly ETP in the present statistical period available in the mentioned five synoptic
stations was calculated by using REF-ET software. Table II presents monthly ETP mean of
different methods. Table III demonstrates the difference percentage between monthly ETP
by the two methods H-S and P-T with the P-M method (as the reference method) in different
stations in the observed period.

As shown, the ETP difference percentage calculated by the H-S method with the P-M
method is less than the P-Tmethod.

To make sure about selecting the more suitable method for calculating ETP in future
periods, RMSE, MAE and MBE evaluating indices have been used. The results are
presented in Table IV in short.

It can be observed that in all stations, the above evaluating indices indicate that ETP
amounts of the H-S method are closer to ETP amounts of the P-M method as the reference
method in all months. Therefore, this method is used in future periods.

3.1 Generating climate change scenario in future
Daily precipitation, minimum and maximum temperatures and solar radiation data of the
mentioned stations have been provided in the observed period by the required format of
Lars-WG model, and the model input files have been established according to this. Then,
downscaled data of each weather parameter have been simulated for three 20-year periods:

(1) first period (2020 decade): 2011-2030;
(2) second period (2050 decade): 2045-2065; and
(3) third period (2080 decade): 2080-2090.

In the present study, the effects of different scenarios, A1B, A2 and B1, of the GCM model
are studied. The GCMwhich has been used is the Had-CM3model.

Considering the results of applying the Lars-WG model, the following points are worthy
of mention:

� Minimum and maximum temperatures increase considerably in future periods.
� In future periods, minimum and maximum temperature increase peak will be in

warm months of the year (July and August) and February.
� The highest solar radiation increase will be in warm months of the year (July and

August) and also February.

3.2 ETP estimation in future
After calculating the minimum and maximum temperatures and solar radiation weather
parameters in future periods by different scenarios, ETP is estimated by the H-S method.
Figures 2 to 6 present daily ETP changes in future periods compared with the observed
period in the mentioned stations. As it is obvious, in all five stations, ETP changes in future
periods will be almost similar. In all three scenarios and in all three periods, ETP will
increase. The 2080 decade will have the highest increase and the 2020 decade will have the
lowest increase in ETP. The highest increase in ETP will be in the A1B scenario and then in
the A1 scenario, and the lowest increase will be in the B1 scenario. This fact is in accordance
with the assumptions of the scenarios. The lowest ETP increase will be in December and
January. The highest increase will be in May, July and August. During this period, there will
be a lower increase in June.
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Figure 2.
Daily ETP changes
compared with the
observed period in
Kermanshah station

IJCCSM
10,1
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Figure 3.
Daily ETP changes
compared with the
observed period in
Hamedan station
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Figure 4.
Daily ETP changes
compared with the
observed period in
Sanandaj station

IJCCSM
10,1
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Figure 5.
Daily ETP changes
compared with the
observed period in

Khorramabad station
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Figure 6.
Daily ETP changes
compared with the
observed period in
Ilam station

IJCCSM
10,1
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In 2020s, the highest ETP increase percentage in all three scenarios occurs in the
Khorramabad station and then in the Hamedan station; Kermanshah, Sanandaj and Ilam
stations come third to fifth, respectively. In 2050s, ETP increase percentage in the scenarios
will be close to each other in all five stations in the B1 scenario. It will be about 8.5 per cent in
B1, 10.5 per cent in A2 and about 13 per cent in A1B scenario. In the 2080 decade, also, ETP
increase percentage will be close to each other in all scenarios in four stations, Kermanshah,
Sanandaj, Hamedan and Khorramabad. It will be about 11.5 per cent in B1, about 15.5 per
cent in A2 and about 16.5 per cent in A1B scenario. Meanwhile, Ilam station will have a
higher increase compared with the other four stations.

3.3 Uncertainty
Most of the uncertainty in climate change studies in hydrology and water resources is owing
to GCM projection and regional changes (Berthelot et al., 2005). Anyway, uncertainty is a
challenge in hydrologic and weather parameters’ prediction accuracy. Besides, a main part
of uncertainty is caused by GCMs, circulations scenarios and hydrologic models (Wilby
et al., 2006). In A2, B1 andA1B scenarios, which have been used in the present study, there is
a considerable uncertainty. The assumptions used in the scenarios may not occur in future.

On the basis of uncertainty analysis results, the contributions of different climatic
variables to ET changes at different months and stations can be revealed. In general, solar
radiation and daily minimum andmaximum temperature are the three major contributors to
PET changes in the future periods. However, causes of future PET changes are varied at
different stations andmonths.

The next stage is the uncertainty in predicting methods, analysing climate scenarios and
spatial and temporal data accuracy. This uncertainty can affect analysis evaluation
accuracy directly. But the consistent trend of climate change predictions and circulation
scenarios indicates that the effect of this uncertainty in the prediction results and analysis is
not significant (Guo et al., 2014).

The way of selecting the base period is an important factor of uncertainty and will affect
the results of analysis. Therefore, the next stage of the present study is the absolute study of
uncertainty.

4. Conclusion
It is obvious that in warm months of the year, ETP, which is so important in agriculture, has a
higher increase compared to the cold months of the year. This causes worry about providing
required water to agricultural products, while there is a decrease in precipitation owing to the
climate change. In the present study, ETP has been estimated in the observed period in three
future periods by three climate change scenarios, A1B, A2 and B1, by applying the Lars-WG
downscaling model and by making use of the H-S equation. Regarding the length of the
statistical period of the stations in the west of Iran and the parameters needed by the
downscaling model, five stations have been selected for this purpose, namely, Kermanshah,
Hamedan, Khorramabad, Sanandaj and Ilam. The results of the study for future periods
increase considerably. In future periods, minimum and maximum temperature increase peak
will be in warmmonths of the year (July andAugust) and in February. ETP increase is sensible
in all stations and scenarios, especially in the irrigation season (warm months of the year), in
which the highest increase amount can be seen. The results indicate that improved plans and
policies in the B1 scenario are effective in the third period and lead to less ETP increase in this
period compared with the other two scenarios.
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