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Abstract: This study evaluates the effect of climate change on reference evapotranspiration (ET0),
which is one of the most important variables in water resources management and irrigation scheduling.
For this purpose, daily weather data of 30 Iranian weather stations from 1981 and 2010 were used.
The HadCM3 statistical model was applied to report the output subscale of LARS-WG and to predict
the weather information by A1B, A2, and B1 scenarios in three periods: 2011–2045, 2046–2079, and
2080–2113. The ET0 values were estimated by the Ref-ET software. The results indicated that the
ET0 will rise from 2011 to 2113 approximately in all stations under three scenarios. The ET0 changes
percentages in the A1B scenario during three periods from 2011 to 2113 were found to be 0.98%, 5.18%,
and 12.17% compared to base period, respectively, while for the B1 scenario, they were calculated as
0.67%, 4.07%, and 6.61% and for the A2 scenario, they were observed as 0.59%, 5.35%, and 9.38%,
respectively. Thus, the highest increase of the ET0 will happen from 2080 to 2113 under the A1B
scenario; however, the lowest will occur between 2046 and 2079 under the B1 scenario. Furthermore,
the assessment of uncertainty in the ET0 calculated by the different scenarios showed that the ET0

predicted under the A2 scenario was more reliable than the others. The spatial distribution of the ET0

showed that the highest ET0 amount in all scenarios belonged to the southeast and the west of the
studied area. The most noticeable point of the results was that the ET0 differs from one scenario to
another and from a period to another.

Keywords: Ref-ET; HadCM3; LARS-WG; A1B scenario

1. Introduction

Changes in the climate system balance increase the importance of evaluation of climate change
effects on hydrological parameters. On the other hand, climate prediction is necessary for water
resources sustainable management [1–4]. By creating General Circulation Models (GCM), climate
conditions can be assessed for long-time scales. However, the output of these models does not have
enough spatial and temporal accuracy to study the effect of climate change on hydrological systems.

Water 2020, 12, 666; doi:10.3390/w12030666 www.mdpi.com/journal/water

http://www.mdpi.com/journal/water
http://www.mdpi.com
https://orcid.org/0000-0002-2650-8123
https://orcid.org/0000-0001-7847-5872
http://dx.doi.org/10.3390/w12030666
http://www.mdpi.com/journal/water
https://www.mdpi.com/2073-4441/12/3/666?type=check_update&version=2


Water 2020, 12, 666 2 of 22

Thus, applying suitable downscaling models can improve the results of climate change studies [5–8].
LARS-WG, as one of the downscaling models, is used for the simulation of climate information
under current and future circumstances. The superiority of this model over others such as the SDSM
downscaling model was reported [9–11]. In the literature, several studies demonstrated the successful
prediction of different climatic variables using LARS-WG, including the prediction of temperature and
precipitation, extreme floods for a medium-sized basin in Northeastern China, air temperature in the
Brazos Headwaters Basin of Texas, precipitation in the Koshi River Basin of Nepal, and drought in
Iran [10–17]. More studies have reported that the performance of the LARS-WG model was effective in
downscaling GCM outputs due to representing future weather characteristics by updating the model
parameters based on the outputs of GCMs [18].

Hassan et al. [18] applied SDSM and LARS-WG for simulating and downscaling of rainfall and
temperature of Peninsular Malaysia. They found that LARS-WG as a suitable tool for quantifying
the climate change effect. Kai Duan and Yadong Mei [19] utilized the LARS-WG for simulating and
downscaling of rainfall of China and found that LARS-WG provided better accuracy in modeling
extreme indices. Chen et al. [20] reported the successful application of LARS-WG in downscaling
and predicting daily precipitation, maximum temperature, and minimum temperature in Sudan.
Hashmi et al. [21] stimulated and downscaled well the extreme precipitation events of Clutha River
catchment in New Zealand using the LARS-WG model. Etemadi et al. [22] reported the superiority of
the LARS-WG model over the SDSM model in the downscaling of temperature in an aquatic ecosystem.
The successful applications of the LARS-WG model compelled the authors to choose this model and
the other main reason for the selection of the LARS-WG model, compared to the other models in this
study, is that it incorporates different GCM outputs to better handle their uncertainties.

Evapotranspiration (ET) as an important hydrological parameter is affected by weather variables
such as temperature, relative humidity, wind speed, solar radiation, and so on. Subsequently, climate
change can influence ET as confirmed by the previous investigations [23–25]. Harmsen et al. [26]
evaluated the effect of climate change on the reference ET in a study in 2009 and he found decreasing
crop yields in Puerto Rico under different scenarios. They declared that the crop yield will decrease
under all scenarios. Guo et al. [27] showed an increase in wheat yields in the North China Plain. In
another study, climate change did not have a significant effect on wheat ET [28]. However, the survey
of Remrova and Cislerova [29] indicated that climatic change will significantly affect in terms of ET up
to the year 2100. A similar result was reported by Nepal [30] that the ET is sensitive to climate change.
Abdolhosseini et al. [31] evaluated the effect of climate change on potential ET (ET0) and illustrated
that the ET0 values in future periods will decline significantly compared to the past period. On the
contrary, the results of Rajabi and Babakhani [32] indicated that in all five stations, located in the west
of Iran, the ET0 values will increase from 2011 to 2099. Tiegang et al. [33] by investigating the future
ET0 trend in the southwest of China declared that there was a spatially increasing trend between 1960
and 2010 from northeast to southeast.

Previous studies in the literature have illustrated the successful application of LARS-WG in the
prediction of some weather variables over Iran [34,35]; for instance, assessments of climate change
impact on water resources and forecasting drought during the next years [16,36]. It is a well-known
fact that future trends of ET0 changes are different in different climates. Moreover, there is a lack of
investigation on how the variability of ET0 is affected by climate change in regions with different
climates. So, the main purpose of this study is the evaluation of the ET0 amount in future time horizons
under different climatic scenarios in Iran. In this study, the effect of climate change on the ET0 of Iran
will be examined. To downscale climate change based on one of the GCM sub-models (called HadCM3),
the LARS-WG will be used as a tool for generating weather statistically. LARS-WG downscales the
climate variables according to HadCM3 under three scenarios of emissions, namely, A2, B1, and A1B.
The results of the present investigation can be applied in water resources management of the country
particularly in the agriculture sector.
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2. Materials and Methods

Iran, with an area of more than 1,648,000 km2, is located between 25◦00′ N and 38◦39′ N latitudes
and 44◦00′ E and 63◦25′ E longitudes. In this study, to assess the effect of climate change on the ET0,
daily data records collected from 30 synoptic stations during a period of 30 years (1981–2010) were
used. The primary reason for selecting these stations is the suitable quality of data and the same time
period. Moreover, the selected stations are mostly located in different climates and represent a very
good spatial distribution over the region. The geographical location and distribution of the stations
are shown in Figure 1. Due to the weather condition, the north part of Iran is the main agricultural
producing region. Regarding this fact, the number of weather stations in this area is more than in
other areas.
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Figure 1. Geographical location of the selected stations in Iran.

Since the estimation of ET0 requires the meteorological variables, first of all, weather parameters
were calculated for the future period using the LARS-WG model. For this purpose, by considering
variables of minimum temperature (Tmin), maximum temperature (Tmax), solar radiation (RS), and
precipitation for each station from 1981–2010 (base period), the LARS-WG model was calibrated.
In other words, the value of each weather variable including Tmin, Tmax, RS, and precipitation
was simulated. Then, the values of observed and simulated variables were compared with each
other. Normal root mean square error (NRMSE) and correlation of coefficient (r) were utilized for the
comparison of observed and predicted values.

NRMSE =

[
1
n

n∑
i=1

(X −Y)2
]0.5

X
(1)
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where X and Y are the observed and simulated values, respectively; X and Y are the average of X and
Y and n is the total number of data.

After making sure of the accuracy of the model, the same parameters were forecasted in the future.
For this purpose, three scenarios, A1B, A2, and B1, were considered. The assumption in the scenario of
B1 depends on an endurable world, fast changes in economic constructions, development of human
rights equality, and a care to protect the environment. Considering this assumption, greenhouse
gas circulation (GGC) may be controlled and for industries (e.g., factories), a program for pollutant
controlling will be applied. The assumption in the A1B scenario depends on a wealthy world with a
fast economic development (3% for each year), a decrease in population (27% for each year), the fast
development of technology, cultural, and economic convergence and a fundamental decrement in
regional differences. The assumption in the A2 scenario depends on the existence of a separate world.
Various cultural identities in different regions of the world increase differences in the world and reduce
international cooperation [32]. So the weather parameters were predicted for three 34-year periods,
2011–2045, 2046–2079, and 2080–2113, under different scenarios. Due to the fact that there is a time
limitation on LARS-WG in predicting weather variables, for filling gap among defined periods was
considered three 34-year periods.

In the second step, the amount of ET0 was calculated by the Hargreaves–Samani (HS) method in
the Ref-ET software. Due to the fact that high accuracy and less meteorological data are needed in the
application of the HS, previous studies have recommended this method in Iran [32,37,38]. For instance,
Raziei and Pereira [39] reported that the HS method is an appropriate alternative in the estimation
of ET0 for all climatic regions of Iran. In the absence of sunshine, relative humidity, and wind speed
data, ET0 can be estimated by the HG method which uses the minimum and maximum temperatures
bearing in mind the effect of latitude as follows:

ET0 = 0.0023Ra(T + 17.8)
√

TR (3)

where ET0 is the potential evapotranspiration (mm), T is the average temperature (◦C), TR is the
difference between the minimum and maximum temperatures (◦C), and Ra is extraterrestrial radiation
(MJm−2day−1). For estimating the ET0, the Ref-ET software was applied. The accuracy of the Ref-ET
software in estimating the ET0 is reported in several investigations [40,41]. Finally, considering the
weather parameters during the next years, the amount of the ET0 was predicted for the periods of
2011–2045, 2046–2079, and 2080–2113 under each scenario.

The ET0 changes (∆ET0) in the future were calculated using Equation (4) to compare with the
base period (1981–2010).

∆ET0 =
ET0(i, j) − ET0(b)

ET0(b)
× 100 (4)

where ET0(i, j) is the ET0 value in the ith period i and the j scenario, ET0(b) is the ET0 in the base period.
Due to the fact that wheat is the most important cereal grain all over the world, thus after

calculating the ET0, the net irrigation requirement of this crop during the future years was estimated.
For this purpose, initially with considering the ET0 and the crop coefficient (the FAO table) the
wheat evapotranspiration (ETC) was calculated (Equation (5)). Afterward, the wheat net irrigation
requirement (IRC) was determined based on the effective rainfall (Re) and the ETC using Equation (7).
It is noticeable that the FAO dependable rain method was used for estimating the Re (Equation (6)).
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ETC = ET0 × kC (5)

i f P � 70 mm then Re = 0.8× P− 24 , i f P ≤ 70 mm then Re = 0.6× P− 10 (6)

IRC = ETC −Re (7)

where, P is the precipitation value in millimeters, ETC is the wheat evapotranspiration (mm), the Kc is
the wheat crop coefficient, which was obtained from the recommended table of the FAO.

Finally, the spatial distribution of the daily ET0 was drawn using the inverse distance weighted
(IDW) method in ArcGIS 10.3. The IDW interpolation explicitly assumes that features that are close
to one another are more alike than those that are farther apart. The use of the IDW method was
recommended for data with short changes in the range [42]. Besides, the IDW has shown better
accuracy in comparison to the Kriging method in interpolation when there is a limited number of
data [43].

Moreover, it is undeniable that there is uncertainty in each prediction process. Therefore, in this
study for the assessment of uncertainty in the prediction of the ET0 under different scenarios, the
boxplot charts were applied [44]. For this purpose, the average ET0 predicted during different months
under each scenario was assessed.

3. Results

As was mentioned in the material and method, the calibration of the LARS-WG model was done
using the weather parameters (Tmin, Tmax, RS, and precipitation) in the base period. Figure 2 shows
the results of the model calibration. This figure was prepared based on the values of observed and
estimated for each parameter in the base period. It is necessary to be known that the average calibration
results were reported for each station in Figure 2.

Based on the results of Figure 2, the evaluation of model accuracy in the prediction of weather
parameters indicates that the ability of the model in predicting the Tmax is better than the other
parameters. It can be seen from the figure that the accuracy of the model in the calibration step for the
Tmax has the lowest NRMSE (0.005) and the highest r (0.999). In contrast, the ability of the model
in simulation of the precipitation is worse than the others. The amount of NRMSE and r for the
precipitation are 0.014 and 0.999, respectively. Overlay, the comparison of statistical indexes indicates
that the performance of the LARS-WG model in the calibration phase was suitable and reasonable.

After achieving confidence from the performance of the LARS-WG, the values of the ET0 were
calculated over the base period and then they were predicted for the future. Figure 3 displays the
spatial distribution of the daily ET0 in the base period over Iran.

The result of Figure 3 shows that the ET0 values in the northern half of the country are less than
the southern half. So that the ET0 ranges from 2.71 to 3.02 in the northern half while in the southern
half, it varies from 3.53 to 4.79.

After the calibration stage, weather variables were predicted for the next years from 2011 to
2113 with three categories including 2011–2045, 2046–2079, and 2080–2113 under different scenarios.
Tables 1–8 show the percentage of the change of the ET0 values of each period compared to the base
period (Equation (4)) for every station in different months. The zero values in some of the cells in the
table mean that some changes are insignificant and trivial.
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Figure 2. The results of LARS-WG calibration in the prediction of weather variables in the base period.
(a = precipitation, b = Tmin, c = Tmax, d = Radiation).
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Sanandaj −2.7 −3.08 1.27 0.79 1.79 0.82 2.51 1.92 1.68 1.83 2.33 2.5
Semnan 1.3 −2.92 −1.63 0 1.48 0.92 0 0.53 −15.31 0.41 2.4 −1.27

Shahrekord 4.35 −1.59 −1.34 0 2.81 1.16 3.13 0.98 2.28 1.94 1.57 2.56
Shiraz −2.91 −1.76 −0.72 −0.45 1.28 1.06 2.54 0.46 1.45 0.66 0 0.95
Tabriz 0 −1.89 0 2.48 2.16 1.02 0.49 0.73 2.34 2.68 −34.71 0
Tehran −3.9 −3.08 −0.88 0.82 2.17 0.16 1.09 0.18 1.79 0 3.45 0
Yasooj −1.18 −1.43 0.84 −1.57 1.24 1 2.13 0.97 1.12 1.84 2.86 0
Yazd −1.89 −1.65 0 1.08 0.96 0.13 2.87 0.62 2.53 0 1.89 0

Zahedan 0 1.6 0.97 −1.62 1.56 0.95 1.52 1.56 1.25 −0.33 1.14 1.71
Zanjan 0 −0.97 −2.49 1.51 0.83 0.8 2.34 0.69 2.72 0.43 2.75 0
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It can be inferred from Table 1 that the highest percentages indicate positive changes, by 77%
(278 out of 360). In other words, for most stations, the ET0 amount will increase in most of the months.
The same consequences are reported by Dinpashoh et al. [20]. The highest ET0 drop is observed in
January and February, while other months will experience ET0 increase. According to Table 1, the
maximum decrease will happen in November at the Tabriz station with −34.71% compared to the
highest increase which is observed in June at the Kermanshah station with 7.98%.

Based on the results of Table 2, the number of negative changes of the ET0 for the 2011–2045
period under the A1B scenario decreased from 22% to 20% by using the A2 scenario. Similar to the
results of scenario A1B, the highest decrease in ET0 belongs to November at the Tabriz station by a
narrow margin. In contrast, the maximum increase in ET0 changes in scenario A1B is similar to the
scenario A2, about 7.8%. The most noticeable point in Table 2 is that the ET0 changes percentage in
August for all stations will rise, compared to August under scenario A1B. In general, the average ET0

change in Table 2 is 0.98% while it is 0.59% in Table 1. In other words, scenario A2 estimates more
increases in the ET0.

The number of negative percentages of ET0 changes under the B1 scenario is more than the other
scenarios during the same period. As can be seen from Table 3, 25% of ET0 changes are negative. In
other words, ET0 changes in a large number of stations will increase in comparison to scenarios A1B
and A2. Comparing the ET0 change percentages among stations, the maximum increase is 21.66% in
March at the Bojnoord station. The highest decrease is similar to the results from scenarios A1B and A2.

Table 2. Change percentages of the ET0 predicted for the period from 2011 to 2045 under the A2 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz 0 −0.51 2.41 0.76 0.8 0.56 1.48 1.39 1.9 1.94 3.83 −0.88
Arak −3.03 −1.61 3.96 2.18 1.69 1.04 1.6 0.83 2.11 1.23 7.69 2.78

Ardebil −1.64 1.98 −1.55 4.75 −1.16 1.82 0.8 0.89 3.12 2.45 3.81 3.08
Bandarabbas 0.67 −0.46 0 −1.01 −0.63 0.64 −0.37 3.02 0.98 1.31 2.04 2.07

Birjand 2.02 1.85 1.08 −0.9 1.13 −0.28 1.46 0.49 1.73 1.74 3.11 1.94
Bojnoord −2.74 0 −0.92 2.55 −0.82 0.5 −0.49 0.18 3.36 1.7 5.08 −1.33
Booshehr −0.87 0.57 0.35 −0.91 −1.57 0.5 0 0.57 1.18 0.68 2.38 0.88
Esfagan 0 1.99 6.8 0.49 1.92 0.84 1.67 0.16 2.21 1.09 2.86 4.49
Qazvin 0 −2.33 1.27 2.94 1.65 0.86 1.12 0.48 2.03 2.33 2.42 2.63
Ghom 0 −1.21 −0.35 2.61 1.41 1.28 1.79 0.14 1.8 1.68 4.03 1.1

Gorgan −3.09 −0.7 −1.34 −1.14 −2.17 0.18 0.18 1.23 0.54 −0.41 4.38 4.3
Hamedan 0 −4.46 4.65 3.75 3.54 1.04 2.36 1.57 2.48 0.79 3.42 1.43

Ilam 0 0 0.46 1.44 1.56 −12.89 1.52 1.37 2.41 2.85 2.36 −2.38
Karaj −1.39 −1.6 0.89 2.48 2.85 1.48 1.89 1.19 2.65 3.32 5.98 2.78

Kerman −0.92 1.71 1.72 0.87 1.58 −0.54 1.24 1.1 1.68 2.03 4.22 2.68
Kermanshah 0 −1.41 2.02 2.54 1.87 7.98 2.61 1.27 2.63 2.45 3.55 −3.37
Khoramabad 0 0.65 1.53 0.24 1.15 0.51 2.47 1.12 2.36 2.01 2.7 0

Mashahd −1.25 −3.03 1.29 0.79 0.74 1.52 0.15 0.87 1.7 0.4 5.51 3.57
Oroomieh 0 0 −0.5 0 0.86 1.03 1 0.56 1.85 4.57 5.61 3.08

Rasht −1.2 −1.6 2.03 3.28 0.24 1.26 1 0.68 1.64 1.01 −2.52 0
Sanandaj −2.7 −2.31 2.12 1.32 1.97 0.82 2.37 1.77 1.68 2.56 3.1 2.5
Semnan 2.6 −2.19 −1.22 0.51 1.48 0.62 −0.31 0.18 −15.31 0.81 4 0

Shahrekord 4.35 −0.79 −0.45 0.55 3 0.73 2.71 0.65 2.28 2.71 3.15 2.56
Shiraz −1.94 −1.18 −0.36 −0.23 1.6 1.06 2.54 0.46 1.45 1 1.24 1.9
Tabriz 1.69 0 0.51 2.48 2.81 1.02 0.49 0.73 2.6 3.57 −34.12 1.59
Tehran −3.9 −2.31 0 1.1 2.36 0.32 1.09 0.18 2.05 0.86 4.31 1.35
Yasooj −1.18 −0.71 1.69 −1.31 1.24 0.71 1.99 0.81 1.12 2.21 3.57 1.1
Yazd −1.89 −1.1 0.67 1.52 0.64 −0.27 2.32 0.31 2.53 0.68 3.14 0.95

Zahedan 0.86 2.14 1.29 −1.62 1.25 0.54 1.25 1.41 1.46 0 2.29 2.56
Zanjan 0 0.97 −0.5 2.11 1.04 0.64 2.65 0.87 2.97 1.73 3.67 1.54
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Table 3. Change percentages of the ET0 predicted for the period from 2011 to 2045 under B1 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz −0.85 −1.02 1.81 0.57 0.53 0.33 1.48 1.39 1.9 1.67 3.28 −0.88
Arak −3.03 −2.42 3.52 1.91 1.13 0.74 1.6 1.17 2.34 0.82 6.84 1.39

Ardebil −1.64 0 −1.55 5.7 −0.93 1.62 1.2 0.67 2.49 2.45 1.9 1.54
Bandarabbas 0 −0.92 −0.3 −1.22 −1.1 0.32 −0.55 2.81 0.73 0.98 1.02 1.38

Birjand 1.01 0.62 0.36 −1.12 0.81 −0.42 1.46 0.66 1.73 1.04 1.24 0.97
Bojnoord −4.11 −0.83 21.66 3.12 −0.82 0.33 −0.32 0.54 3.36 0.85 3.39 −2.67
Booshehr −1.74 0.57 0.35 −1.13 −1.92 0.17 −0.17 0.38 0.71 0 1.19 0
Esfagan 0 1.32 6 −0.49 1.22 0.42 1.81 0.64 2.21 0.73 2.14 4.49
Qazvin 0 −3.1 0.85 2.41 1.47 0.58 1.12 0.8 2.26 1.94 1.61 1.32
Ghom −1.05 −1.82 −0.69 2.4 0.94 0.9 1.92 0.58 2 1.34 2.68 0

Gorgan −4.12 −1.4 −1.79 −1.14 −2.37 −0.18 0 1.23 0.27 −1.22 2.92 2.15
Hamedan −1.64 −5.36 4.19 3.46 3.14 0.74 2.22 1.88 2.71 0.4 2.56 0

Ilam 0 0.78 0 1.72 1.17 0.47 1.98 1.54 2.17 2.85 2.36 −1.19
Karaj −2.78 −2.4 0.89 2.48 2.66 1.04 1.89 1.53 2.89 2.49 4.27 2.78

Kerman −2.75 1.14 1.38 0.44 1.1 −0.8 1.1 1.1 1.68 1.35 3.01 1.79
Kermanshah −1.19 −2.11 1.61 2.28 1.53 7.7 2.49 1.41 2.83 2.1 2.84 −4.49
Khoramabad −1.05 0 0 −0.24 0.82 0.25 2.35 1.26 2.36 1.68 2.03 −1.06

Mashahd −3.75 −5.3 0.43 −0.79 0.37 1.22 0.15 1.39 1.22 −0.8 4.72 4.76
Oroomieh −1.64 −1.83 −0.5 0.3 1.28 1.38 1.17 1.11 2.11 4.11 4.67 3.08

Rasht 1.2 −4.8 3.05 1.64 0.73 1.88 0.8 1.35 −0.99 1.01 −0.84 1.2
Sanandaj −2.7 −2.31 1.69 1.32 1.61 0.55 2.37 2.07 1.68 2.2 2.33 1.25
Semnan 1.3 −2.92 −2.03 −0.25 0.93 0.31 −0.31 0.35 −15.31 0.41 2.4 −1.27

Shahrekord 2.9 −1.59 −1.34 −0.28 2.06 0.44 2.85 0.98 2.28 1.94 1.57 2.56
Shiraz −2.91 −1.76 −0.72 −0.45 1.12 0.66 2.27 0.31 1.24 0.33 0 0.95
Tabriz 0 −1.89 0.51 3.1 2.81 1.19 0.82 1.28 2.86 3.12 −34.71 1.59
Tehran −3.9 −3.08 −0.44 1.1 1.97 0 1.09 0.36 2.3 0 3.45 0
Yasooj −2.35 −1.43 1.27 −1.84 0.71 0.43 1.99 0.81 1.12 1.84 2.86 0
Yazd −2.83 −1.65 0 0.87 0.16 −0.54 2.46 0.62 2.53 0 1.89 0

Zahedan −0.86 1.6 0.65 −2.03 0.78 0.41 1.25 1.56 1.46 −0.65 1.14 1.71
Zanjan 0 0 −1.49 2.11 1.04 0.64 2.34 1.21 3.22 1.3 3.67 0

Table 4 gives information about the change percentages of the ET0 from 2046 to 2079 in comparison
with the base period under A1B scenario. It can be clearly seen from this table that there is an
approximately increasing trend except for September at Semnan and November at Tabriz. Moreover,
there are a higher proportion of positive change percentages in 2046–2079 than in the first 34-year
period (2011–2045). In other words, the vast majority of changes in the second period is positive
than the first period. The average change percentage of the ET0 in Table 4 is 5.34% and is more
noticeable than the previous period. Comparing the monthly results of stations, the highest ET0 value
is 13.62% and occurs in June at the Kermanshah station during the second 34-year period. However,
considering the average of all the months, the maximum average ET0 change percentage is observed in
the Oroomieh station.

According to the results of Table 5, it can be inferred that the average ET0 change percentage
from 2046 to 2079 under the A2 scenario across all stations is 5.18%. In other words, there is a slight
difference between the A2 and A1B scenarios throughout the second 34-year period. The maximum
increase in ET0 over the whole period belongs to the Mashhad station with 8.58%. Similar to the
previous results, the lowest ET0 change percentage is −32.35% in November at the Tabriz station.
Looking in more detail indicates that the ET0 values will go down by 0.83% in the studied stations.
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Table 4. Change percentages of ET0 predicted for the period from 2046 to 2079 under the A1B scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz 2.56 2.03 5.42 4.16 4 4.01 4.65 4.55 5 4.72 7.1 2.63
Arak 3.03 3.23 8.81 7.36 6.75 6.21 6.85 5.84 6.32 4.92 11.97 8.33

Ardebil 4.92 6.93 4.12 10.13 6.94 7.88 6.4 4.7 5.61 8.33 8.57 9.23
Bandarabbas 4.03 2.75 3.61 2.64 2.68 3.83 2.76 6.26 3.9 3.59 4.59 4.83

Birjand 7.07 6.17 5.78 3.81 5.66 3.36 5.12 4.27 5.4 4.86 6.21 6.8
Bojnoord 2.74 3.33 1.84 8.5 5.97 4.8 3.72 3.97 5.94 4.26 10.17 5.33
Booshehr 1.74 3.41 3.15 1.81 1.05 3.17 2.78 3.44 3.77 3.38 5.36 4.42
Esfagan 4.4 5.96 11.2 5.17 6.79 5.62 6.4 5.09 6.18 4.36 6.43 8.99
Qazvin 5.33 2.33 5.51 7.49 5.88 5.04 5.6 4.96 5.87 5.04 5.65 7.89
Ghom 4.21 2.42 3.82 6.97 5.48 5.5 6.52 4.89 5.79 4.7 7.38 5.49

Gorgan 1.03 2.1 1.79 2.28 1.19 2.85 3.12 4.52 3.26 1.63 7.3 7.53
Hamedan 4.92 0 9.77 9.22 9.43 7.1 8.18 7.05 7.22 5.16 8.55 7.14

Ilam 4.88 5.47 4.11 6.03 6.45 6.21 7 5.81 6.75 6.1 7.87 3.57
Karaj 2.78 10.4 5.33 6.89 6.84 5.18 6.1 5.59 6.51 5.81 9.4 8.33

Kerman 3.67 6.29 6.21 5.46 5.99 3.48 4.97 4.87 5.47 5.74 7.83 8.04
Kermanshah 4.76 2.82 6.85 8.12 7.3 13.62 7.71 6.06 7.09 6.64 8.51 2.25
Khoramabad 4.21 3.9 4.96 5.35 6.38 5.6 7.29 5.72 6.5 5.7 7.43 4.26

Mashahd 2.5 0.76 4.72 5.76 3.72 5.18 3.63 5.03 5.6 2.81 9.45 10.71
Oroomieh 8.2 5.5 5.5 5.49 6.42 7.06 7 6.31 6.86 8.68 10.28 10.77

Rasht 2.41 −0.8 2.54 7.87 4.37 4.6 4.79 4.97 5.92 4.52 3.36 6.02
Sanandaj 2.7 2.31 7.2 6.88 7.53 6.29 7.65 6.94 6.11 6.59 7.75 7.5
Semnan 6.49 1.46 3.25 5.09 6.3 5.24 4.17 4.56 −12.24 4.07 7.2 3.8

Shahrekord 10.14 3.97 6.25 5.52 8.44 6.53 8.12 5.7 7.06 6.2 8.66 10.26
Shiraz 1.94 2.94 4.3 4.31 5.59 4.76 6.01 3.99 4.98 4.32 4.97 6.67
Tabriz 8.47 5.66 6.12 8.36 7.78 6.44 6.04 6.02 7.03 7.14 −31.18 7.94
Tehran 1.3 0.77 3.51 5.22 5.91 3.8 5.14 4.18 5.63 3 7.76 5.41
Yasooj 3.53 4.29 6.75 3.67 6.01 5.29 6.25 5 5.13 5.88 7.86 5.49
Yazd 1.89 2.75 4.68 5.64 4.98 3.64 6.42 4.33 6.11 3.75 6.29 4.76

Zahedan 4.31 6.95 4.52 2.64 5.15 3.4 4.85 4.54 5.43 2.93 5.14 7.69
Zanjan 8.47 5.83 3.48 7.55 6.42 5.94 7.8 6.07 7.43 4.76 8.26 7.69

Table 5. Changes percentages of the ET0 predicted for the period from 2046 to 2079 under the
A2 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz 2.56 2.03 4.82 3.59 3.47 3.23 4.31 4.3 4.83 4.72 6.56 2.63
Arak 3.03 2.42 7.93 6.81 6.38 5.92 6.56 5.51 6.32 4.92 11.11 6.94

Ardebil 3.28 5.94 3.09 8.23 4.63 8.48 6.4 5.82 6.85 9.31 7.62 7.69
Bandarabbas 4.7 3.21 3.92 2.84 2.52 3.83 2.76 6.48 4.39 4.9 5.1 6.21

Birjand 8.08 6.79 6.14 4.04 5.5 3.36 4.98 4.11 5.83 5.21 6.21 6.8
Bojnoord 1.37 4.17 3.69 7.65 3.7 4.8 3.72 4.33 7.24 5.11 8.47 2.67
Booshehr 1.74 3.41 3.15 1.81 0.87 3 2.6 3.25 3.77 3.38 4.76 3.54
Esfagan 4.4 5.3 10.8 4.43 6.45 5.48 6.26 4.93 6.4 4.73 6.43 8.99
Qazvin 5.33 1.55 5.08 7.22 5.88 5.18 5.6 4.96 6.09 5.81 5.65 6.58
Ghom 4.21 2.42 3.13 6.54 5.48 5.63 6.39 4.6 5.79 5.03 6.71 4.4

Gorgan 1.03 2.8 2.23 2.56 1.19 3.56 3.67 4.72 3.8 2.44 7.3 6.45
Hamedan 4.92 −0.89 8.84 8.36 8.64 6.51 7.77 6.74 7.22 4.76 6.84 5.71

Ilam 3.66 3.91 3.65 6.03 5.66 5.12 7 5.81 6.02 8.54 7.87 3.57
Karaj 2.78 1.6 4.89 6.61 7.03 5.47 6.1 5.59 6.75 6.64 7.69 6.94

Kerman 4.59 7.43 6.9 6.11 6.31 3.48 4.97 5.18 6.11 6.08 7.83 8.04
Kermanshah 3.57 2.11 6.05 7.11 6.45 13.2 7.46 5.92 6.88 6.29 7.09 0
Khoramabad 4.21 3.9 4.2 4.38 5.73 5.09 6.92 5.44 6.5 5.7 6.08 3.19

Mashahd 2.5 −0.76 5.15 4.45 3.91 50.84 3.63 5.03 5.6 3.61 9.45 9.52
Oroomieh 6.56 4.59 4 4.27 6 7.23 7.17 6.12 6.6 8.22 9.35 7.69

Rasht 4.82 −0.8 5.58 4.92 4.37 5.44 4.39 6.09 3.95 4.52 2.52 3.61
Sanandaj 1.35 1.54 5.93 5.82 6.63 5.88 7.39 6.65 5.89 6.23 6.2 6.25
Semnan 6.49 1.46 2.44 4.58 5.93 5.08 3.86 4.39 −12.04 4.07 7.2 3.8

Shahrekord 8.7 3.17 5.36 4.7 7.88 6.24 7.83 5.54 7.29 6.2 7.87 8.97
Shiraz 1.94 2.94 4.3 4.31 5.59 4.63 5.61 3.23 5.39 4.65 4.97 6.67
Tabriz 6.78 3.77 4.59 7.12 6.7 6.95 5.87 6.02 6.25 6.7 −32.35 4.76
Tehran 0 0.77 3.51 4.95 6.1 −7.44 5.3 4.18 5.88 3.86 7.76 4.05
Yasooj 4.71 4.29 6.33 3.67 6.01 5.14 6.11 4.84 5.13 6.25 7.14 5.49
Yazd 2.83 2.75 4.68 5.64 4.82 3.64 6.42 4.33 6.53 4.1 6.29 4.76

Zahedan 6.9 7.49 6.13 2.84 5.3 4.08 4.57 5.16 5.64 4.23 6.29 7.69
Zanjan 5.08 4.85 3.48 5.74 5.8 6.26 7.02 6.59 6.93 6.06 6.42 6.15
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The data given in Table 6 indicate that the ET0 changes percentage under the B1 scenario is more
than the other scenarios in the same period from 2046 to 2079. Based on the results of Table 6, the
average ET0 change percentage is 4.07% across all stations. The more details of this table state that in
2.5% of the stations, the ET0 values have declined compared to the base period. The maximum and
minimum ET0 change percentages are observed in June at Kermanshah and November at the Tabriz
station, respectively. As a consequence, during the second 34-year period, the ET0 increase compared
with the base period in the A1B scenario is more than the other scenarios and the A2 scenario is more
than the B1 scenario.

The results of predicting ET0 from 2080 to 2113 under the A1B1 scenario in Table 7 indicate that
the ET0 values will rise significantly compared to the base period. As can be seen from this table, the
average ET0 change percentage is about 9.38%. Based on the information given, the highest increase
percentage is 22.73% and seen in January at Arak station; however, considering the results of the whole
months, the maximum ET0 will be observed in the Ardebil station. The most noticeable point of this
table is that the greatest decrease in ET0 will occur in August at the Semnan station.

Table 6. Change percentages of the ET0 predicted for the period from 2046 to 2079 under the B1 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz −0.85 −1.02 1.81 0.38 0.53 0.33 1.48 1.39 1.9 1.67 3.28 −0.88
Arak 0 1.61 7.49 6.54 6.57 5.47 5.39 3.84 4.68 3.69 11.11 5.56

Ardebil 3.28 4.95 3.61 7.59 5.32 8.28 5 2.68 5.3 8.82 5.71 7.69
Bandarabbas 2.01 1.83 2.71 2.23 2.36 3.19 1.84 5.18 2.93 3.27 3.57 3.45

Birjand 4.04 3.7 4.33 2.69 4.85 3.36 4.69 3.28 4.1 4.17 5.59 4.85
Bojnoord 0 1.67 2.76 7.08 4.94 4.14 3.24 3.61 4.91 4.26 9.32 4
Booshehr 0.87 2.27 2.1 0.91 0.35 2.33 1.91 2.29 2.83 2.36 4.17 2.65
Esfagan 2.2 3.97 10 4.43 6.79 5.34 5.29 3.18 4.64 3.64 5.71 7.87
Qazvin 4 0.78 4.66 6.95 5.7 4.6 4.34 3.2 4.51 5.04 5.65 5.26
Ghom 3.16 1.21 2.43 6.32 5.32 4.86 4.99 2.73 3.99 4.03 6.71 3.3

Gorgan −1.03 1.4 1.34 1.99 0.79 2.67 2.39 3.49 2.72 1.63 6.57 6.45
Hamedan 3.28 −1.79 8.37 8.36 9.04 6.51 6.8 5.02 5.42 3.57 6.84 4.29

Ilam 2.44 3.91 2.74 5.17 5.66 5.12 5.63 4.27 5.06 4.47 6.3 1.19
Karaj 1.39 0.8 4 6.34 6.65 4.73 4.64 3.9 5.06 5.81 8.55 6.94

Kerman 0.92 4 4.48 4.59 5.52 2.95 4.28 3.77 4.21 4.39 6.63 5.36
Kermanshah 2.38 1.41 5.65 7.11 6.62 12.79 6.34 4.37 5.47 4.9 6.38 0
Khoramabad 2.11 2.6 3.82 4.38 5.73 4.71 5.93 4.04 4.92 4.36 5.41 2.13

Mashahd 1.25 −0.76 3.86 4.45 4.84 5.18 3.48 3.47 4.14 2.81 7.87 5.95
Oroomieh 4.92 3.67 4.5 4.27 5.57 6.02 5.5 4.45 5.01 7.31 9.35 7.69

Rasht 3.61 −4 2.54 6.23 3.88 5.23 2.59 3.61 6.25 7.04 0 3.61
Sanandaj 0 0.77 5.93 5.82 6.99 5.47 6.33 5.02 4.42 5.13 6.2 6.25
Semnan 3.9 0 2.03 4.58 6.11 4.93 2.93 2.81 −13.47 2.85 6.4 2.53

Shahrekord 5.8 1.59 4.46 4.7 8.26 5.95 6.7 3.75 5.24 5.04 7.09 7.69
Shiraz 0 7.06 2.87 3.4 5.11 4.1 5.21 2.92 3.73 3.32 3.73 4.76
Tabriz 6.78 3.77 4.59 7.12 6.7 6.95 5.87 6.02 6.25 6.7 −32.35 4.76
Tehran 2.6 0 2.63 4.67 5.71 3.16 3.74 2.36 4.09 3 6.9 4.05
Yasooj 1.18 2.14 5.06 2.89 5.65 4.71 5.11 3.55 3.57 4.78 6.43 3.3
Yazd 0.94 1.1 3.34 4.99 4.82 3.5 5.6 3.09 4.63 3.07 5.66 2.86

Zahedan 2.59 4.28 3.55 1.01 4.21 3.54 4.02 3.91 3.76 2.61 4.57 5.13
Zanjan 5.08 4.85 3.48 6.95 6.21 5.62 6.86 4.16 5.94 4.33 7.34 4.62

Examining the ET0 predicted for the 2080–2113 period under the A2 scenario shows that unlike
previous periods, the ET0 value increased more than the A1B scenario. As can be seen from Table 8,
the average ET0 changes percentage is 12.17%, which is completely different from the previous results.
The highest increase is 141.88% and observed in November at the Hamedan station. In other words,
there is no constant trend in the prediction of ET0 in the future under different scenarios. Moreover,
the lowest ET0 value is 43.72% and will happen in March at the Hamedan station.
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Table 7. Change percentages of the ET0 predicted for the period from 2080 to 2113 under the
A1B1 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz 5.98 5.08 8.43 7.37 7.2 6.69 7.26 6.95 7.41 6.94 9.29 6.14
Arak 22.73 8.06 13.66 11.99 12.2 11.09 11.37 10.52 11.01 9.02 16.24 12.5

Ardebil 11.48 11.88 8.76 15.51 12.5 13.54 11.6 10.07 10.28 12.75 13.33 15.38
Bandarabbas 7.38 5.96 6.63 6.09 6.61 7.66 6.25 9.5 7.32 7.19 7.65 8.28

Birjand 6.06 7.41 11.55 9.87 9.87 6.85 10.1 9.69 10.58 10.42 10.56 12.62
Bojnoord 8.22 9.17 8.29 15.3 12.96 12.42 11.49 11.73 12.4 11.91 16.95 10.67
Booshehr 6.09 4.55 3.85 2.04 5.59 4.5 4.86 7.07 6.37 5.07 7.74 6.19
Esfagan 8.79 8.61 14.4 9.11 12.02 10.67 11.4 9.86 11.04 8 9.29 13.48
Qazvin 10.67 5.43 9.75 12.03 10.66 9.5 9.94 9.44 10.16 8.91 9.68 11.84
Ghom 8.42 5.45 6.25 −12.2 10.33 9.85 10.61 9.64 9.78 7.72 10.07 9.89

Gorgan 4.12 5.59 5.36 6.27 4.55 6.41 7.34 9.03 7.61 5.28 10.22 10.75
Hamedan 11.48 4.46 14.42 14.7 15.72 12.87 13.18 11.76 11.74 8.73 11.97 11.43

Ilam 8.54 8.59 9.13 12.07 11.52 9.94 10.96 9.57 9.64 9.76 11.81 9.52
Karaj 6.94 5.6 8.89 11.02 11.41 9.47 10.45 10.17 10.6 9.54 12.82 12.5

Kerman 8.26 9.71 10 10.04 10.88 7.63 9.25 9.89 10.74 9.8 12.05 12.5
Kermanshah 9.52 7.04 9.27 12.94 13.58 18.84 11.69 10.3 11.13 8.04 12.77 6.74
Khoramabad 8.42 7.79 9.16 9.98 11.62 10.18 11.37 9.76 10.43 8.72 10.14 8.51

Mashahd 5 2.27 9.44 9.95 7.45 8.22 8.32 10.42 11.19 8.43 13.39 14.29
Oroomieh 14.75 13.76 12 11.28 13.06 13.94 12.17 11.13 11.61 13.24 14.95 13.85

Rasht 7.23 3.2 7.11 10.82 8.5 8.79 8.58 9.03 11.84 7.04 7.56 8.43
Sanandaj 8.11 6.92 12.29 12.17 13.44 11.35 12.01 11.08 10.11 9.89 10.85 12.5
Semnan 11.69 3.65 7.72 9.92 11.48 9.24 8.33 −53.86 −8.78 7.32 11.2 7.59

Shahrekord 14.49 7.14 9.82 10.5 14.45 12.05 13.25 11.07 12.3 10.47 12.6 14.1
Shiraz 5.83 5.88 7.53 8.62 10.22 8.86 9.75 7.83 8.92 7.64 8.07 9.52
Tabriz 15.25 11.32 11.22 13.31 13.39 12.03 11.09 10.4 11.2 10.71 −28.82 12.7
Tehran 3.9 3.85 7.02 9.07 10.04 7.75 9.19 8.36 9.46 6.44 11.21 9.46
Yasooj 8.24 7.14 10.13 8.4 11.31 10 10.65 9.52 9.38 9.56 7.14 9.89
Yazd 5.66 5.49 7.69 9.76 9.47 7.95 10.79 9.43 10.74 7.51 9.43 8.57

Zahedan 8.62 10.7 7.74 6.09 8.89 7.07 8.59 8.92 10.23 7.82 10.29 12.82
Zanjan 13.56 10.68 9.45 11.78 12.01 11.88 12.32 11.44 11.39 9.96 11.93 13.85

Table 8. Change percentages of the ET0 predicted for the period from 2080 to 2113 under the A2 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz 6.84 6.6 9.94 8.7 8.4 7.92 8.63 7.96 8.62 8.89 11.48 7.89
Arak 10.61 8.87 15.42 14.71 15.2 14.05 13.7 12.35 12.88 11.89 20.51 15.28

Ardebil 13.11 16.83 13.92 18.67 14.81 17.17 15.2 12.98 13.08 16.67 16.19 16.92
Bandarabbas 8.72 7.8 8.43 7.51 7.4 8.29 6.99 10.58 8.54 8.82 10.2 10.34

Birjand 4.04 7.41 10.11 6.28 6.31 4.2 7.17 6.08 6.26 5.56 6.21 8.74
Bojnoord 8.22 9.17 8.29 33.14 12.96 12.42 11.49 11.73 12.4 11.91 16.95 10.67
Booshehr 6.96 6.25 4.9 4.54 6.47 5.5 5.9 8.03 7.55 6.76 9.52 7.96
Esfagan 10.99 11.26 17.6 11.82 14.63 13.06 13.21 11.76 12.8 11.27 13.57 15.73
Qazvin 12 8.53 11.44 14.17 13.42 12.37 12.32 11.36 12.19 11.63 12.9 14.47
Ghom 10.53 8.48 8.68 11.55 12.99 12.4 12.79 11.51 11.98 10.74 14.09 12.09

Gorgan 5.15 7.69 6.7 7.41 6.72 9.07 8.99 10.47 8.97 7.72 13.87 11.83
Hamedan 31.15 −38.39 −43.72 −27.09 −20.24 −9.91 9.02 31.03 64.11 101.19 141.88 92.86

Ilam 12.2 12.5 10.96 13.79 14.06 12.73 12.79 11.28 12.29 12.6 14.96 9.52
Karaj 9.72 8 11.11 12.95 13.88 12.13 12.48 12.03 12.53 12.45 16.24 15.28

Kerman 10.09 13.14 12.76 11.57 11.83 8.84 10.36 10.68 11.58 12.16 16.27 15.18
Kermanshah 11.9 9.15 12.1 15.99 16.47 21.73 13.81 12.27 13.56 11.19 16.31 8.99
Khoramabad 10.53 10.39 11.45 12.9 14.4 12.72 13.47 11.44 12.4 11.74 13.51 10.64

Mashahd 10 6.82 11.16 10.99 11.17 11.26 9.83 11.11 11.68 10.04 17.32 14.29
Oroomieh 16.39 14.68 12.5 13.11 15.85 16.52 15 13.36 13.72 15.53 17.76 16.92

Rasht 8.43 6.4 9.14 13.77 9.47 11.09 −1.4 34.31 9.21 8.04 7.56 7.23
Sanandaj 9.46 10 14.83 15.08 16.67 14.23 14.38 13.15 12.63 13.19 14.73 15
Semnan 12.99 7.3 8.94 11.96 13.7 12.02 10.19 10.53 −7.14 10.16 14.4 10.13

Shahrekord 17.39 10.32 13.39 13.81 17.45 14.51 15.24 12.7 14.35 13.95 16.54 17.95
Shiraz 7.77 8.82 10.39 10.66 11.66 10.05 11.08 8.91 9.96 9.97 11.8 13.33
Tabriz 16.95 13.21 13.27 15.48 16.41 15.08 13.54 12.59 13.54 13.84 −27.06 15.87
Tehran 6.49 6.92 8.77 10.71 12.2 9.97 11.21 10 11.25 9.01 13.79 10.81
Yasooj 10.59 10 13.5 10.76 13.07 11.57 11.93 11.13 10.94 12.5 15 12.09
Yazd 8.49 8.24 10.03 11.5 11.08 9.7 12.16 10.2 12 9.9 13.84 11.43

Zahedan 10.34 12.83 9.68 7.51 9.83 8.16 9.7 9.55 10.86 9.77 13.71 17.09
Zanjan 16.95 13.59 35.82 15.41 15.53 14.93 15.6 13 14.6 12.12 16.51 15.38
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Table 9 gives information about the ET0 change during the third 34-year period from 2080 to 2113
by considering the B1 scenario. According to the results of Table 9, it is legalized that the ET0 values
in this scenario are less than the previous two scenarios at the same period with a wide margin. In
addition to this, the greatest increase in the ET0 is observed in April at the Ilam station, while the
lowest growth is in November at the Tabriz station. The average ET0 changes percentage in Table 9 is
6.61%. In general, in this period, the ET0 increase in the A2 scenario will be more than the others. On
the other hand, the ET0 value in the A1B will be more than the B1 scenario.

Table 9. Change percentages of the ET0 predicted for the period from 2080 to 2113 under the B1 scenario.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ahwaz −4.27 5.58 7.23 4.73 4.67 4.46 5.33 5.18 5.34 5 7.1 3.51
Arak 4.55 5.65 10.13 8.17 7.88 7.54 8.02 6.68 6.79 4.92 12.82 9.72

Ardebil 9.84 10.89 5.67 14.24 6.94 8.69 8 8.28 8.41 7.35 9.52 12.31
Bandarabbas 5.37 5.05 5.12 3.65 3.31 4.31 3.13 6.91 4.39 3.92 4.59 6.21

Birjand 4.04 7.41 10.11 6.28 6.31 4.2 7.17 6.08 6.26 5.56 6.21 8.74
Bojnoord 5.48 8.33 5.99 9.35 5.35 6.46 5.34 6.14 8.01 4.68 9.32 5.33
Booshehr 14.78 3.41 2.1 1.59 3.5 2.5 2.95 5.16 4.72 3.38 5.95 4.42
Esfagan 6.59 7.28 12 5.91 7.67 6.74 7.65 6.36 6.84 4.36 6.43 10.11
Qazvin 9.33 5.43 7.2 8.82 7.72 6.76 7.14 6.4 6.77 5.43 6.45 7.89
Ghom 6.32 5.45 5.21 7.84 6.89 6.91 7.67 6.04 6.19 4.36 7.38 6.59

Gorgan 3.09 5.59 4.46 3.99 2.37 4.63 4.77 6.16 4.62 2.44 7.3 8.6
Hamedan 9.84 2.68 11.16 10.66 11.2 8.73 9.57 8.31 7.67 4.37 7.69 8.57

Ilam 7.32 7.03 20.09 27.59 22.27 10.56 4.87 −5.64 −8.92 −5.28 7.87 4.76
Karaj 5.56 4.8 7.11 8.26 8.56 6.95 7.55 7.12 7.23 6.22 9.4 9.72

Kerman 5.5 8.57 7.93 6.33 6.47 4.28 6.08 6.28 6.53 5.41 7.83 8.04
Kermanshah 7.14 4.93 8.47 9.14 8.83 15.27 8.96 7.19 7.49 6.29 7.8 2.25
Khoramabad 6.32 6.49 6.49 6.33 7.53 6.74 8.41 6.69 6.89 5.37 6.76 5.32

Mashahd 6.25 3.79 7.73 6.81 6.33 6.85 5.6 6.6 6.08 2.81 8.66 9.52
Oroomieh 11.48 10.09 7 6.71 8.35 9.12 8.5 7.42 7.39 8.68 11.21 12.31

Rasht 7.23 0.8 5.08 5.57 7.77 5.65 3.99 5.42 9.21 4.02 4.2 9.64
Sanandaj 5.41 5.38 8.9 8.2 9.32 7.93 9.1 7.98 6.74 6.23 6.98 8.75
Semnan 9.09 2.92 5.69 6.62 7.41 5.55 4.94 5.79 −11.84 4.07 8 5.06

Shahrekord 11.59 7.94 8.48 6.63 9.57 7.69 9.26 7 7.74 6.2 8.66 10.26
Shiraz 3.88 4.71 5.73 5.22 6.39 5.42 6.81 4.92 5.6 4.65 5.59 7.62
Tabriz 11.86 9.43 8.16 9.6 9.72 8.47 7.5 7.12 7.81 7.14 −31.18 9.52
Tehran 2.6 3.85 5.26 6.32 7.28 5.22 6.39 5.45 6.39 3.43 7.76 5.41
Yasooj 5.88 5.71 8.02 4.72 6.89 6 7.24 6.13 8.04 6.25 7.86 6.59
Yazd 3.77 4.4 6.02 6.51 5.62 4.72 7.51 5.72 6.74 3.75 6.29 5.71

Zahedan 6.03 9.09 5.81 3.25 5.62 4.49 5.96 5.79 6.26 3.58 6.29 9.4
Zanjan 10.17 9.71 6.47 7.85 8.49 8.51 8.74 7.97 7.67 6.06 8.26 9.23

Figure 4 illustrates the spatial distribution of the ET0 predicted under different scenarios in the
future. These maps are drawn into five categories. According to Figure 4, the ET0 values in the north
half of country are less than the south half. This result is in line with Figure 3 (base period). The
changing trend of the ET0 over the country in the first period is similar to the base timescale, however,
there is a dramatic difference between the spatial distribution of the ET0 in the base period and the
second and third periods. The highest ET0 amount in all maps belongs to the southeast and the west of
the studied area. Due to the type of climate in these regions, these predictions seem reasonable.
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Figure 4. The spatial distribution of the ET0 predicted from 2011 to 2113 under different scenarios. (a 
= 2011–2045-A1B, b = 2046–2079-A1B, c = 2080–2113-A1B, d = 2011–2045-B1, e = 2046–2079-B1, f = 
2080–2113-B1, g = 2011–2045-A2, h = 2046–2079-A2, I = 2080–2113-A2). 

Uncertainty consequences of the ET0 predicted by the LARS-WG model under distinct scenarios 
are shown in Figure 5. The distance between the first and third quartile (height of boxplots) indicates 
amounts of uncertainty. For drawing these charts, the average ET0 predicted from 2011 to 2113 was 
used. As can be seen from Figure 5, the highest uncertainty in each of the three scenarios is observed 
between April and September, whereas the ET0 values at the beginning and end of the year 
experience the minimum uncertainty. In other words, the uncertainty in the ET0 of the mid-year is 
more than others. However, in January and December, there is a high certainty for the prediction of 
the ET0 in all the study scenarios. Comparing the results of each scenario in Figure 5 demonstrates 
that the certainty of the ET0 values in the A2 scenario is higher than the other scenarios. It seems to be 
crystal clear that the height of boxplots in the B1 and A1B scenarios is more than the A2 scenario.       

 

Figure 4. The spatial distribution of the ET0 predicted from 2011 to 2113 under different scenarios.
(a = 2011–2045-A1B, b = 2046–2079-A1B, c = 2080–2113-A1B, d = 2011–2045-B1, e = 2046–2079-B1,
f = 2080–2113-B1, g = 2011–2045-A2, h = 2046–2079-A2, i = 2080–2113-A2).

Uncertainty consequences of the ET0 predicted by the LARS-WG model under distinct scenarios
are shown in Figure 5. The distance between the first and third quartile (height of boxplots) indicates
amounts of uncertainty. For drawing these charts, the average ET0 predicted from 2011 to 2113 was
used. As can be seen from Figure 5, the highest uncertainty in each of the three scenarios is observed
between April and September, whereas the ET0 values at the beginning and end of the year experience
the minimum uncertainty. In other words, the uncertainty in the ET0 of the mid-year is more than
others. However, in January and December, there is a high certainty for the prediction of the ET0 in all
the study scenarios. Comparing the results of each scenario in Figure 5 demonstrates that the certainty
of the ET0 values in the A2 scenario is higher than the other scenarios. It seems to be crystal clear that
the height of boxplots in the B1 and A1B scenarios is more than the A2 scenario.
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Regarding this finding, the estimated ET0 under the A2 scenario is more reliable, considering
the ET0 predicted under the A2 scenario for the future years and the effective rainfall (Equation (6)),
the value of the net irrigation requirement of the wheat (IRC) as a major field crop was calculated
(Equation (7)). Due to the fact that most of the wheat in Iran is cultivated in October and harvested in
July [45], therefore the net irrigation requirement of the wheat during these months was estimated.
Figure 6 indicates the IRC values from 2011 to 2013 under the A2 scenario as a reliable scenario.
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Figure 6. Cont.
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Figure 6. The net irrigation requirement of the wheat predicted from 2011 to 2113 under the A2
scenario. (a = Ahwaz, b = Arak, c = Ardebil, d = Bandarabbas, e = Birjand, f = Bojnoord, g = Booshehr,
h = Esfahan, i = Ghazvin, j = Ghom, k = Gorgan, l = Hamedan, m = Ilam, n = Karaj, o = Kerman,
p = Kermanshah, q = Khoramabad, r = Mashhad, s = Oroomie, t = Rasht, u = Sanandaj, v = Semnan,
w = Shahrekord, x = Shiraz, y = Tabriz, z = Tehran, ab = Ysooj, ac = Yazd, ad = Zahedan, ae = Zanjan).

As can be seen from Figure 6, there is a fluctuation in the IRC values during the growth period
of wheat in all studied stations. However, it is noticeable that the highest amount of the IRC would
occur in June in most stations. In other words, there is an upward trend in the amount of the IRC
from January to June, compared to a downward trend between October and December. Furthermore,
it seems to be crystal clear that the IRC values will increase from 2011 to 2013 in the vast majority
of stations. On top of these, the maximum amount of the IRC is observed in Ahwaz, whereas the
minimum amount is related to the Rasht station. In general, this figure can be worthwhile in water
management of the agriculture sector, which could provide farmers a plan for managing irrigation in
cultivating wheat. For comparing the change percentage of the net irrigation requirement of the wheat
from the base period to the future, the values of the change percentage of the IRC for each station are
shown in Figure 7.
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Figure 7. The change percentage of IRC predicted for the future to the base period.

According to the given information in Figure 7, it can be inferred that the vast majority of stations
will experience the IRC increase in the next years to the base period. The highest increase would be
observed in Ghom station by 19.74%. Whereas, in seven out of 30 studied stations (approximately
23 percent of stations), the amount of IRC might decrease in the future. The maximum drop belongs to
Ghazvin by 13.74%.

4. Discussion

Due to the fact that the main purpose of calibration of each model is to find the accuracy and
ability of the model in discovering a link between the dependent and independent variables, so the
error statistics in this stage can state the trust degree of the model [46]. Following this hypothesis, the
results of the calibration of the LARS-WG model illustrated that the highest and lowest accuracies
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of the model in prediction of weather variables in the base timescale belonged to the Tmax and the
precipitation, respectively. In other words, the error statistics such as the correlation coefficient can
mention the accuracy of the model in appearing the relation between parameters. For instance, the
r-value in the prediction of all variables was more than 0.99, which can confirm that the model results
are reliable with 99% probably. In the study of Hassan et al. [18], it is also reported that the LARS-WG
fits observed air temperature better than other variables. Nover et al. [47] expressed that the prediction
of the Tmax in LARS-WG has the highest accuracy. LARS-WG performance in predicting precipitation
was acceptable in the investigation by Agarwal et al. [11], therefore, this is in line with the present study.

The prediction of the ET0 for the next years demonstrated that the ET0 values will go up from
2011 to 2113, approximately, for all stations under all three scenarios. This result is in line with the
research by Rajabi and Babakhani [32] in Iran and Tiegang et al. [33] in China. In conclusion, the highest
increase of the ET0 in the future over Iran will happen from 2080 to 2113 under the A1B scenario, while
the lowest will be observed from 2046 to 2079 under the B1 scenario. Consequently, the most critical
condition from the aspect of the ET0 is predicted for the A1B scenario. Rajabi and Babakhani [32]
reported the same result. By studying the climate change effect on the ET0 changes in the west of Iran,
they stated that the highest ET0 rise will happen in the A1B scenario. Comparing the ET0 predicted
among studied stations indicated that in most cases the Tabriz station will experience an ET0 decrease
in November. The investigation of Asakereh and Akbarzadeh [46] shows that the temperature changes
of this station in November during the next years will decrease. Due to the fact that the ET0 changes
depend on the temperature changes directly, the present result is in line with their study. It seems
that for tackling the negative effects of the ET0 increase in the future, a change in the cropping pattern
and cultivation crops with the lowest irrigation requirement can be a suitable solution for addressing
the next issues. As Leng and Huang [48] mentioned that the planting pattern change can remedy the
situation of negative impacts of climate change and subsequently increase the ET0.

The assessment of the spatial distribution of the ET0 showed that the rerated value in the northern
half of the country is less than the southern half. Due to the fact that the northern areas of Iran are
mountainous and the climate of the northern half is cooler than the southern half, these results are
acceptable. One of its reasons can be the different temperatures of both regions. In the study of
Babaeian et al. [45], it was declared that the air temperature of the southern half is higher than the
northern half. Moreover, it can be seen from the ET0 values for the future that the ET0 will increase from
2011 to 2113 under three scenarios. The most noticeable is that the trend of the change of the ET0 in the
second and third periods is pretty different from the first period. According to the temperature increase
and precipitation decrease in Iran during the next years, which are predicted by Babaeian et al. [45], and
the drought increase, predicted by Khazanedari et al. [16], it was found that providing for agricultural
water requirements would be a serious crisis in near future. It is noticeable that there is uncertainty in
each prediction, which can be because of the quality and quantity of data or the model structure [46].
Regarding this fact, evaluation of uncertainty in the results of each scenario in the prediction of the
ET0 indicated that the ET0 predicted by the A2 scenario is more reliable than the others, which is
reported in the investigation of Houghton et al. [49]. Following this finding, for evaluating one of
the applications of the ET0 prediction in the agriculture sector, the net irrigation requirement of the
wheat for the next decades was estimated. For this purpose, the future IRC values under the A2
scenario were compared with the base period. Due to the fact that the IRC is calculated based on the
effective rainfall and the ETC (Equation (7)), thus a lot of variables influence the IRC. In other words,
if there is a dramatic increase in the amount of precipitation the IRC would decline sharply. While,
the increase of the ETC can be in parallel with the rise of the IRC. One of the main reasons for the
IRC increase in the future can be the precipitation drop and an increase in air temperature, which
has been mentioned in severe surveys [50]. According to the results of the calibration stage, which
indicated that the accuracy of temperature predication was more than others, it can be stated that in
the present study, the importance of air temperature on the ETC and subsequently the IRC seems to be
more than other weather parameters. From the aspect of the decrease of the IRC of wheat during the
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next years, the same consequence has been reported in some studies [51], which is in line with the
present investigation.

5. Conclusions

Applying LARS-WG in the simulation of weather variables showed that the accuracy of the model
in the calibration step for the maximum temperature had the lowest error. Inversely, the ability of the
model in estimating precipitation was less than the others. Examining the ET0 changes by different
scenarios indicated that the ET0 will increase in the future; however, the most noticeable point was that
the ET0 increase in the third period was more than the other two periods. The highest ET0 increase
will happen from 2080 to 2113 under the A1B scenario, while the lowest will be observed from 2046 to
2079 under the B1 scenario. The spatial distribution of the ET0 illustrated that the ET0 values in the
northern half of the country are less than the southern half. The highest ET0 amount in all scenarios was
observed in the southeast and the west of the country. On top of these, the evaluation of uncertainty
in the obtained results showed that the ET0 predicted under the A2 scenario was more reliable than
the others. Moreover, there was a high uncertainty in the ET0 estimated for the warm months of the
year. Following this point, the net irrigation requirement of the wheat, as a major crop, for the future
years under the A2 scenario was estimated. According to the change’s percentage of the future net
irrigation requirement of wheat to the base period, a decrease of the IRC was observed in 23% of the
studied stations, compared to the IRC increase in 77% of stations. Consequently, the ability to provide
agricultural water requirements could be a serious crisis in the near future in Iran.
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