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1- Root Mean Square Error
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Table 1. Characteristics of studied weather stations.

AVl glos Laws g0 Q)’C]‘”‘)"Cw)' sl e 5 e bl Jsb
! (315 ol ) () (Jad) (L3 ,%) o
Climate The average annual Altitude Latitude Longitude Station
temperature (°C) (m) (North) (East)
s 12.8 1700 34047 47°35' -
Cold Songhor
Lo oLisle
J 14.3 1319 34°21 47°09' s
Mild Kermanshah
- s
e 19.9 545 34027 45052 i
Tropical Sarpol_e Zahab

S50 adkie 55 (Y1) el s s 5 (Y21F)
tooloes 51 g (Y 5 1) il 0 el 4l
S50 S e oS feily G s s
Sleslaal by sdd 5 ae AquaCrop Jus « 3L
5 Golwand lals Soud 5 LS W, Je oyl
A —o(Jab S8 5 d pseme —
Jsb —g 5 M) eos dsb ps iy O 5 s
s al Glaeyss il s SV pame pl Al 0)00
adlas 5,40 OLLS S @)U NI .s)ﬂj.f &_,T
sl OF ol Lol 4y a5 b oSl a
Ll ol I Y Jadr s &S A a Sl s
el AquaCrop Jue sla 5,5 olal
3 &S LA C\fﬁ.w\ uﬂ)ql.é slae, 9 53 5 S

w\mﬁ)\)ﬂbijw)f:)yub\

YAQ

e oS Jely O 5 S s S 3
Gl () asloryasy Jsap 5l eslizl L (ETo)
ol ST ooy Cloie sbadle 5wl ey
Sopot wl oys @l LSk L s S
S8l Jl a gl ST e s Sl
.,\i.sjf dowl>ee
A5y Silwaned Jde Sl eslial bopsw i 5
s sl s 0blS ws; AquaCrop alS
O 5 o 5 s gl bl @ g L
ALl b 5 Y 5 gla o s el a0,
vﬂ 5wl ey sl e sdd o JS
s oS LB 5 adlas cpl s 38 osleans
255 008 o35 e s Vb IS S o3
Dl 3 mly pll sy & 43 ezl (&)
sskerl u g b alS LB sl e oLl S



AT (F) 0jboud (YE) Ao S5 g ol Clilis sla g3y 41 i

I.J.il(,..Ju’ Joe gl asls il gys eeltlyn shn wals

HADCM3
The meteorological
Data of HADCM3 parameters in the Base
climate change model periad
Santils Hatg il A5 aly glaaygs s ETD
LARS Jaa
FAO Peroman- ETO in the base and fature
LARS model Monteith peniods
- AquaCrop Joe
ey ) g
wibmabdgy Sy AquaCrop
model
Training and testing
of dovmscaling
wiathad
3337 3503 Gny pted 33l
a2yl gl -
B e Al b slghss
ol a33 g3 palnSlya
Estimationof marze andbarley
Estimation of weather evapotramspiration ul the base
parameters in the fubure and fahure periods

.aadlao plsl Jol 0 ) Jss
Figure 1. Flowchart of the study.
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Table 2. Planting date of maize and barley in the studied stations for simulation by AquaCrop model.
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Table 3. Values of coefficient of determination (Rz) and Root Mean Square Error to assess the LARS-WG
model in the base period (1992-2010).
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Figure 3. Estimated potential evapotranspiration of maize and barley in Kermanshah station in the future and
base periods (mm).
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Table 6. Maximum, mean and minimum of length of growing period for maize and barley under climate
change scenarios and its changes related to base period.

e R b P PRRNPPHCHEICJ = PP INE SR B
Percentage of charTges Changes compared to the Length of growing oarls e J s
compared to the baseline (/.) baseline (day) period (day) Index Station Crop
B1 A2 AlB B1 A2 AlB B1 A2 AlB
-10.7 -12.1 -12.8 -16.0 -18.0 -19.0 133.0 131.0 130.0 Max o
-12.2 -13.6 -14.2 -18.2 -20.3 212 130.8 128.7 127.8 Mean Songhor
149
-13.4 -14.8 -15.4 -20.0 -22.0 -23.0 129.0  127.0  126.0 Min (149)
9.2 9.2 9.2 -12.0 -12.0 -12.0 119.0  119.0 119.0 Max oLl S ‘
-10.5 -10.5 -10.4 -13.8 -13.8 -13.6 1172 1172 1174 Mean Kermanshah =
131) Maize
-11.5 -11.5 -11.5 -15.0 -15.0 -15.0 116.0 1160 116.0 Min
-6.8 -6.8 -7.6 -9.0 -9.0 -10.0 123.0 123.0 1220 Max a3 L
e oy
-7.8 -7.9 -8.7 -10.3 -10.5 -11.5 121.7  121.5 1205 Mean Sarpol e Zahab
132
9.8 9.8 -10.6 -13.0 -13.0 -14.0 119.0 119.0 118.0 Min 432
4.7 -5.1 -5.8 -13.0 -14.0 -16.0 2640 263.0 261.0 Max )
S
-7.0 -7.6 -8.5 -19.5 212 -23.6 257.5 2558 2534 Mean Songhor
90 97 01 250 270 280 2520 250.0 2490  Min @7
-3.8 -3.8 4.6 -9.0 -9.0 -11.0 231.0 231.0 229.0 Max .
oLiile S
5
5.9 -6.4 70 <143 153 4167 2257 2247 2233 Mean  Kermanshah
(240) Barley
-1.5 -7.9 -10.4 -18.0 -19.0 -25.0 222.0 221.0 215.0 Min
-3.2 -3.2 4.3 -6.0 -6.0 -8.0 182.0 182.0 180.0 Max .
Plad s
4.6 5.1 5.8 86 95 109 1794 1785 1770 Mean  Sumol e Zahab
5.9 6.9 7.4 110 -13.0 140 1770 1750 1740  Min (183
adllae 3550 gla alyl (sl t O 05T -V Jpux
Table 7. Results of t-test for studied parameters.
Ay a3 Jsb $lay G805 s S SRd O, S
Growth period ET max Seasonal ET Sl b 235
e b e Sy s I Parameter Paired scenarios
Barley Maize Barley Maize Barley Maize
4.649 5.238 -13.000 -5.000 -1.635 -2.908 t
2 2 2 2 2 2 df Base-B1
0.043 0.035 0.006 0.038 0.244 0.101 Sig. (2-tailed)
4.540 5.164 -11.717 -4.701 -1.100 -2.658 t
2 2 2 2 2 2 df Base-A2
0.045 0.036 0.007 0.042 0.386 0.117 Sig. (2-tailed)
4.490 6.169 -14.000 -4.701 -0.534 -2.667 t
2 2 2 2 2 2 df Base-A1B
0.046 0.025 0.005 0.042 0.647 0.117 Sig. (2-tailed)
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Abstract

Background and Objectives: Agriculture is one of the most sensitive sectors in terms of climate
change, due to its high dependence on meteorological parameters. By increasing air temperature
evaporative power of the atmosphere will be increased and crop growth period will be decreased.
Under climate change situation crop yield and crop water requirement will be changed. Changes in
these parameters under climate change scenarios can be estimated using simultaneous application of
climate change and crop growth simulation models. In this study the impact of climate change on
potential evapotranspiration of an autumn crop (barley) and a spring crop (maize) in three stations in
different climatic regions of Kermanshah Province for the upcoming period of 2046-2064 were
examined.

Materials and Methods: The study was carried out in three phases. In the first phase meteorological
parameters in the future were estimated based on scenarios of A1B, A2 and B1 of HADCM3 climate
change model and downscaled using LARS-WG package software. In the second phase reference
crop evapotranspiration under current and the future situations was calculated using the FAO
Penman-Monteith formula and compared together. In the third phase growth of studied crops were
simulated by AquaCrop software using calibrated crop parameters in the region and based on current
and future weather data sets. According to the model outputs seasonal evapotranspiration, maximum
daily evapotranspiration and length of growth period under current and future climates were
compared.

Results: Results of first phase indicated the increasing in the minimum and maximum temperatures
and fluctuations in rainfall and sunshine hours compared to the base period (1992-2010).
Meanwhile, in the future potential reference crop evapotranspiration in all three stations will be
increased. According to the results of this study seasonal evapotranspiration of maize in the future
will be increased by 25-27% in Songhor, 16-18% in Kermanshah and 5-7% in Sarpol e Zahab. The
estimated maximum daily evapotranspiration of maize in the future will be increased by 37-38% in
Songhor, 19-20% in Kermanshah and 19-21% in Sarpol e Zahab. On the effect of climate change
growth period of maize will be decreased by 20, 14 and 10 days respectively in Songhor,
Kermanshah and Sarpol e Zahab. The trend of changes in the studied parameters for barley was the
same as maize but the rate of changes was estimated less.

Conclusion: Results of simulation indicated the increasing of seasonal potential evapotranspiration
and maximum daily evapotranspiration and decreasing of crop growth period in all three
stations under climate change scenarios. The effect of climate change on studied parameters for both
crops in Songhor station (cold region) will be higher than Kermanshah (mild) and much more than
Sarpol e Zahab (tropical). In addition, the percentage of changes in evapotranspiration of spring
crop (maize) under climate change will be more than winter crop (barley).

Keywords: Reference evapotranspiration, Downscaling, Crop modeling, Kermanshah, Water
requirement
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