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introduction

In recent years, human activities induced increases in atmospheric carbon dioxide (CO,) which
caused global warming and climate change. Climate change is anticipated to cause negative and
adverse impacts on water systems throughout the world. Higher temperatures are expected to lead to
a host of problems. These include melting snowpack, altering both the intensity and frequency of
precipitation, increasing evapotranspiration and else. (Delghandi, 2016).

Reference evapotranspiration (ET,) is a key hydrological variable quantifying a major water loss
from catchments and basins, which can be used to calculate actual evapotranspiration (ET.),
scheduled irrigation and prepare input data for hydrological models. The irrigation water requirement
basically represents the difference between the crop water requirement and effective precipitation.
The only factors affecting ET, are climatic parameters as water is abundantly available at the
reference evapotranspiring surface (Allen et al., 1998). The first of climatic parameters is air
temperature. As temperature increases, evapotranspiration also goes up. Some study conducted to
indicate climate change impact on ET (e.g, Behmanesh et al., 2015; Sheidaeian et al., 2015; Babaeian
and Kouhi, 2012). In this study, climate change impacts on reference evapotranspiration (ET,) and
precipitation deficit (PD) were studied from 2010 to 2099 in Semnan region. The objective of this
study was to examine the climate change impact on the ET, regarding the uncertainty of
Atmosphere-Ocean General Circulation Models (AOGCM) and Greenhouse Gases Emission (GHG)
scenarios.

Methodology
Study Area

The synoptic station of Semnan, with an elevation of 1127 meters has longitude of 53° 23" east,
latitude of 35° 35" north. Annual precipitation, average of T, and T.x for this station are 140mm,
12.5 and 23.8°, respectively.

Evapotranspiration and precipitation deficit (PD)
There are several models for the estimation of reference evapotranspiration (ET,). in this study,
FAO Penman-Monteith (FAO PM) and Hargreves- Samani methods were used to estimate ETo.
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The precipitation deficit (PD) was estimated by subtracting the monthly cumulative ET, from the
monthly cumulative precipitation (P). A positive value indicates water in excess of crop water
requirements and a negative value indicates a deficit in terms of crop water requirements. It should
be noted that we estimated PD using the reference evapotranspiration and not the actual crop
evapotranspiration (Harmsen et al., 2009)

Climate change scenarios

Two sets of data, i.e. historical weather data (measured station data) and AOGCMs (Atmosphere
— ocean General Circulation Models) outputs are used in this study for the calculation of ET, for the
period 1971-2000 and 2010-2099, respectively.
considering uncertainties in AOGCM models and GreanHouse Gases (GHGS) emission scenarios,
climate change scenarios were generated from 14 AOGCMs whose greenhouse gases scenarios ran
under 3 scenarios (A2, A1B and B1).
From the various existing downscaling method, we used the Delta method. cumulative probability
distribution was used for study of uncertainty of AOGCMs and GHG scenarios in ET, calculation.
For this purpose, AT and AP parameters at monthly scale are calculated for each GCM model. Then,
Beta distribution was fitted for calculated ATs and APs for each month. Cumulative probability
distribution function (CDF) was deducted from the Beta distribution. AT and AP for each month were
derived for 3 probability levels (0.25, 0.50and 0.75) from CDF.
Using the measured Tnax, Tmin @nd precipitation for the 30-year baseline period (1971-2000),
calculated ATs and APs probability levels (0.25, 0.50 and 0.75), monthly Tax, Tmin @nd precipitation
time series under 3 probability levels generated for future periods (2010-2039, 2040-2069 and 2070-
2099).

Results and Discussion
Climate change Impact on temperature

After determining the values of AT under 3 probability levels, monthly temperature scenarios for
each scenario were calculated by using Delta method. Fig. 1 indicated mean temperature baseline and
future periods. The Mid number of each period (2025, 2055 and 2085) has been used to show the
future period.
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Fig. 1- Mean monthly temperature in baseline and 2085 period with the risk of 0.25, 0.5 and
0.75 (a), Mean monthly temperature in baseline and emission scenarios under a risk of 0.5 (b),
Mean monthly temperature in baseline and future periods under a risk of 0.5 (c)
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Climate change Impact on ET,

Results showed that the FAO Penman—Monteith (FAO PM) method is more precise than
Hargreves- Samani method to estimate the ETo. Therefore, in this study FAO PM used for estimation
of ET, in climate change scenarios and are presented in Fig.2. Also monthly changes of ETo for
different scenarios is presented in Table 1. Results of Fig.2 and Table 1 shows that ETo values are
not significantly different at the three aforementioned levels of risk. in each three future period, ET,
increases. Increase in ET, will be higher in the 2070-2099 compared to the other periods (2010-2039
and 2040-2069). In addition, it is determined that in first future period, scenarios A1B and A2
represent the same results. However, during 2070-2099 the results of three emission scenarios are
different. Therefore, scenarios A1B and scenario B1 represent the greatest and least increase in ET,,
respectively. The results of scenario A1B and A2 are very close to each other. during 2070-2099 in
the warm months that the water requirement and consequently the agricultural water demand is at its
maximum level, scenario A2 shows the greatest increase of ET,. Therefore, this scenario can be
considered as the most critical scenario.
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Fig. 2- Mean monthly evapotranspiration in baseline and 2085 period under risk of 0.25, 0.5
and 0.75 (a), Mean monthly evapotranspiration in baseline and emission scenarios under a risk
of 0.5 (b), Mean monthly temperature in baseline and future periods under a risk of 0.5 (c)

Table 1-Variations of ETo values under climate change scenarios relative to baseline period

(mm/d)

period S;enari month
(risk0. Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec  Annual(%)
A2 003 005 005 007 011 016 015 014 012 008 005 0.04 2.7
2025 AIB 003 0.06 006 010 015 016 015 015 014 0.07 0.04 0.04 2.9
Bl1 002 005 005 008 012 0.16 016 015 013 007 004 0.04 2.1
A2 006 010 012 018 025 035 032 030 026 016 010 0.08 5.2
2055 AIB 007 012 013 021 029 037 034 032 028 016 010 0.09 6.0
Bl 003 005 008 015 020 023 023 023 022 013 007 0.06 4.2
A2 011 017 021 032 041 057 055 054 045 025 014 014 9.2
2085 AIB 009 015 020 031 038 050 046 042 037 025 017 012 8.0

Bl 006 010 013 019 029 033 031 033 029 017 010 0.08 5.8
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According to Table 1, it is determined that in the cold months the increase in ET, is more than warm
months (for various scenarios). Therefore, maximum and minimum increase in ET,, in all 9 scenarios
happens in Jun and Jan, respectively.

Climate change impact on PD
Results showed that the PD values increase for all future periods. Also scenario A2 presented
more precipitation deficit in Comparison with scenario B1 and A1B.

Conclusion

Results showed that mean temperature, reference evapotranspiration and precipitation deficit is
increased until the end of century. Also results showed that, increases in these parameters during
warm months are higher in comparison with the cold months. In 2070-2099 period, mean of annual
ET, is increased about 9.2, 8.0 and 5.8 percent for A2, A1B and B1 scenarios, respectively.
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