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Abstract: The climate of the Earth is changing. The Earth’s temperature is projected to maintain its
upward trend in the next few decades. Temperature and precipitation are two very important factors
affecting crop yields, especially in arid and semi-arid regions. There is a need for future climate
predictions to protect vulnerable sectors like agriculture in drylands. In this study, the downscaling
of two important climatic variables—temperature and precipitation—was done by the CanESM2 and
HadCM3 models under five different scenarios for the semi-arid province of Qazvin, located in Iran.
The most efficient scenario was selected to predict the dryland winter wheat yield of the province for
the three periods: 2010-2039, 20402069, and 2070-2099. The results showed that the models are able
to satisfactorily predict the daily mean temperature and annual precipitation for the three mentioned
periods. Generally, the daily mean temperature and annual precipitation tended to decrease in
these periods when compared to the current reference values. However, the scenarios rcp2.6 and B2,
respectively, predicted that the precipitation will fall less or even increase in the period 2070-2099.
The scenario rcp2.6 seemed to be the most efficient to predict the dryland winter wheat yield of the
province for the next few decades. The grain yield is projected to drop considerably over the three
periods, especially in the last period, mainly due to the reduction in precipitation in March. This leads
us to devise some adaptive strategies to prevent the detrimental impacts of climate change on the
dryland winter wheat yield of the province.
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1. Introduction

The temperature of the Earth is increasing more rapidly than during the previous decades, leading
to extensive climate change [1]. The Earth’s temperature is projected to maintain its upward trend
slightly in the next few decades [1]. A significant rise in the concentration of greenhouse gases such as
CO,, CHy, N7O, and water vapor, mainly caused by human activities, has intensified this trend [2].
The concentration of greenhouse gases, volume of ozone, aerosols, and sunspots seem to be the most
noticeable reason for temperature variations and climate change in the recent century [3].

More than two billion people live in drylands, constituting nearly 40% of the world’s
population [4]. Cereals are the major crops cultivated in drylands [5]. Crop production in drylands
mainly depends on precipitation during the growing season [6]. Moreover, the rise in temperature has
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led to exacerbating droughts and a considerable loss in crop yields in arid and semi-arid regions [7].
It is necessary to manage drylands in a sustainable way, by which food security is achieved [8]. To do
so, there must be some possible measurements and predictions to protect vulnerable sectors such as
agriculture and water resources in drylands [9].

General Circulation Models (GCMs) are the most developed tools for the simulation of general
responses to the accumulation of greenhouse gases [10]. Studies have shown that the results of
GCMs cannot be exploited directly because they are not accurate enough in describing sub-grid
data [10]. Therefore, Statistical Downscaling Models (SDSMs) are one of the tools that have been
developed to deal with this problem [11]. SDSMs are the most frequently used models in agricultural
research, where some independent variables are measured and collected to predict dependent
variables [12]. Tatsumi et al. [13] applied the Hadley Centre Coupled Model (version 3; HadCM3) and
Coupled Global Climate Model 3 (CGCM3) to forecast the daily minimum, maximum, and average
temperature of Shikoku city in Japan, using downscaling techniques. Their results indicated that
the temperature is likely to increase in the Shikoku region, Japan, within the period 2071-2099. In a
similar study, Ribalaygua et al. [14] used downscaling techniques to simulate the daily minimum and
maximum temperature and daily precipitation in a region located in Spain. Their results showed that
maximum and minimum temperatures will rise, while precipitation will decrease in the 21st century.
Johns et al. [15], by applying the HadCM3 model, predicted that some regions of Central America
and Southern Europe might be moister in the future, whereas Australia may experience a type of
drier climate.

In recent years, researchers have studied the potential impacts of climate change on plant growth
by using different types of simulation models [16,17]. Russell et al. [18] reported that most of the
alterations in wheat yield in the United States are related to climate change. Temperature and
precipitation, as two important climatic variables for the evaluation of future grain yield, have been
investigated by many researchers. For instance, [16] indicated that the changes in temperature and
precipitation within the last 30 years in Mexico had positively impacted on the winter wheat yield.
In another study, Landau et al. [19], by applying a multiple-regression model, indicated that the
temperature increase led to an improvement in the winter wheat crop characteristics, while the
precipitation increase could have negative impacts.

The downscaling of GCMs parameters and studying the possible changes in wheat yield due to
climatic effects have been distinctly investigated [14,20]. Lhomme et al. [21], for example, studied the
potential effect of climate change on durum wheat yield in Tunisia using the downscaled values of some
scenarios. Moreover, the efficiency of the IPCC scenarios has rarely been evaluated and compared [22].
In the present study, the downscaling of two important climatic parameters—temperature and
precipitation—was done by the Canadian Earth System Model (CanESM2) and HadCM3 models
for the province of Qazvin, located in Iran, where the climate is semi-arid and the dryland farming
of winter wheat dominates. Then, the most efficient scenario was chosen to predict the dryland
winter wheat yield of the province for the next few decades through a multiple-regression model.
The efficiency of the fourth and fifth IPCC scenarios in predicting the temperature and precipitation of
the region was also compared.

2. Materials and Methods

2.1. Geography, Climate, and Dryland Farming of the Province

The province of Qazvin has an area of 15,821 km?, located between 4845 to 50-50 East of the
Greenwich Meridian of longitude and 35-37 to 36—45 North latitude of the Equator. Its average altitude
is 1278 m above sea level. It has a semi-arid climate with the annual mean precipitation, daily mean
temperature, and relative humidity of 301 mm, 14.2 °C, and 51%, respectively. The province is affected
by Siberian and Mediterranean winds, which are considerably important factors in controlling the
climate of the province. The geographical situation of the studied area is shown in Figure 1.
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The total winter wheat yield of the province is 445 million kg, 364 million kg (82%) of which
belongs to irrigated farming and 80.7 million kg (18%) to dryland farming. The total cultivated area for
winter wheat is nearly 202,497 ha, 95792 ha and 106,704 ha of which are under irrigated and dryland
farming, respectively. The average dryland winter wheat yield of the province is estimated to be
1541 kg ha~1.

Qazvin province
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Figure 1. Map of the studied area.

2.2. Methodology

The daily mean temperature and precipitation data for 32 years (1985-2017) were collected from
the six meteorological stations in the province (Figure 1). Thereafter, the daily mean temperature and
precipitation of all days of all years were calculated separately by the Thiessen polygons method using
the software ArcGIS version 10 via Equations (1) and (2):

A
iAj
T, = Zzt . @)

where P, and T, are the daily mean precipitation and temperature of the province, respectively; p; and
t; are the daily mean precipitation and temperature in the station i, respectively; and A; is the area of
the province.

The HadCM3 and CanESM2 models were used to compare the scenarios. HadCM3 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 417 km x 278 km, reducing to
295 km x 278 km at 45 degrees North and South. In CanESM2, the long-term time series of standardized
daily values are extracted into a one column text file per grid cell. The 128 x 64 grid cells cover global
domain according to a T42 Gaussian grid. This grid is uniform along the longitude with a horizontal
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resolution of 2.81° and is nearly uniform along the latitude of roughly 2.81°. The calibration of the
stations (points) against the grid-cells (pixels) was done by the downscaling of the SDSM linear
regression model. Data from the years 2006-2015 and 2016-2017 were used for the calibration and
validation of both models, respectively. Figures 2 and 3 show the observed versus the simulated
values of the temperature and precipitation for the years 2006-2015. Meanwhile, since 26 synoptic
variables are considered as predictor variables in these models, having a unique equation was not
logically possible because of the accumulated error. To solve this problem, only the predictor variables,
being more correlative with the daily mean precipitation and temperature than others, were chosen.
Then, the correlation between the variables was detected by Pearson’s correlation test (p < 0.01)
and the most important variables were selected according to the statistical significance between
them and the dependent variables (p < 0.01). To analyze the climatic data across the study, it was
necessary to apply a Statistical Downscaling Model (SDSM). To do so, SDSM version 5.2 was used.
SDSM is a decision support tool for assessing local climate change impacts using a powerful statistical
downscaling technique. It has the potential to rapidly develop downscaled climatic data [11]. To make
statistical connections between the predictor and predicted variables, some regression equations were
acquired to predict the climatic variables for the next few periods under the impact of climate change.
After acquiring the regression equations and measuring their accuracy, the scenarios were produced
through both models for the periods 2010-2039, 2040-2069, and 2070-2099. The properties of these
scenarios are indicated in Table 1.

30

@)

£ 25 —— Observed

£ 20

£ 15 - =1rcp2.6

%10 = - -rcpd4.5

25 — -rcp8.5

g 0

S ceeees A2

> 2
W T B

Figure 2. Results of the comparison between the observed and simulated monthly mean temperature
values (2006-2015).

Table 1. Properties of the used standard Intergovernmental Panel on Climate Change [10] scenarios.

Models Scenarios Properties

Radiative forcing peaks at 3 W m~2 and stabilizes to 2.6 W m~2 by the end of 2100;

rcp2.6 Lo .
CanESM?2 CO; concentration is estimated to be 490 ppm by 2100.
repA 5 Radiative forcing is estimated to be 4.5 W m—2 by 2100;
pa CO; concentration is estimated to be 650 ppm by 2100
D85 Radiative forcing is estimated to be 8.5 W m~2 by 2100;
pe- CO; concentration is estimated to be 1370 ppm by 2100
A2 Describes a very heterogeneous world with high population growth,
HadCM3 slow economic development, and slow technological change.
B2 Describes a world with intermediate population and economic growth,

emphasizing local solutions to economic, social, and environmental sustainability.
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Figure 3. Results of the comparison between the observed precipitation values (2006-2015) and
the simulated precipitation values. I = £ SD: standard deviation, the overlapping bars show no
significant differences.

The efficiency of the scenarios was compared and the most efficient scenario was recognized
through the statistical indicators of Mean Absolute Error (MAE), Root Mean Square Error (RMSE),
Nash-Sutcliffe coefficient (NS), Coefficient of Determination (R?), and Analysis of Variance (at p < 0.01)
as follows:

Zi:Pi_PorZi:Oi_O 3
op 0o
MAE = Y|P @
no(p. 0,2
RMSE = M 5)
NS —1_ <Z?=1 (Oi — Pi)i) ©)
Yitq1(0i - 0)
op X 0o

where Z; is the standardized daily mean precipitation or temperature values; O; and P; are the observed
and simulated daily mean precipitation or temperature values, respectively; O is the average of the
observed daily mean precipitation or temperature values; P is the average of the simulated daily mean
precipitation or temperature values; og is the variance of the observed daily mean precipitation or
temperature values; op is the variance of the simulated daily mean precipitation and temperature
values; and n is the number of data.

Isaaks and Serivastava [23] suggested the MAE and RMSE as statistical indicators able to compare
the accuracy of variables. Once the MAE and RMSE values are closer to zero in a scenario, the scenario
would be more efficient for predicting climatic variables [24]. When they are exactly 0, it means that
there is no error in the predicting task [24]. The Nash-Sutcliffe coefficient (NS) shows to what extent
the regression line between the simulated data and measured data can be similar to the regression line
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1:1. Its domain is from the negative infinity to 1, and NS = 1 reveals either a complete similarity or a
perfect efficiency of a scenario [25]. Meanwhile, R? gives information on the correlation between the
observed and predicted data and its domain is from 0 to 1 [26]. When R2 becomes closer to 1, there will
be a significant correlation between the data groups [26]. Significant differences between the observed
data and values of the predictor scenarios can be distinguished by the analysis of variance [27]. Lack of
any significant difference reveals a similarity between the predicted and observed data. In addition,
to obtain more appropriate results for the prediction of precipitation, the occurrence of precipitation
approach was used. This is a dichotomous method by which the accuracy of whether the occurrence or
non-occurrence of precipitation is evaluated. If there is no occurrence of precipitation, then the answer
is ‘NO’, while the answer “Yes' is a sign of precipitation occurrence [28]. There are four statuses when
the observed data are compared with scenario predictions, where a couple of predictions could be true
and the remaining predictions could be false. The scenario with a higher percentage of true predictions
was selected as the most efficient scenario for predicting the precipitation.

Finally, to predict the dryland winter wheat yield of the province for the next decades and to make
a connection between the climatic and yield data for the period 2005-2014, a linear regression model
was used. Furthermore, Pearson’s correlation test (at p < 0.01) between the simulated and observed
data, RMSE, and R-square were used to check the regression’s validity. All statistical analyses were
performed by the software SPSS version 21 (IBM Inc., Chicago, IL, USA).

3. Results

3.1. Temperature Predictions

All three CanESM2 scenarios predicted that the daily mean temperatures would generally increase
in the periods 2010-2039, 20402069, and 2070-2099 (Table 2). However, the scale of these increases
differed by the different scenarios. The scenario rcp2.6 projected that the daily mean temperature of the
periods 2010-2039, 20402069, and 2070-2099 would be 13.6, 13.9, and 13.9 °C, respectively, which are
0.9,1.2, and 1.1 °C higher when compared to the observed daily mean temperature. The other scenario
rcp4.5 also predicted an increasing trend in the daily mean temperature in the three prospective periods
and showed that the mean daily temperature would be 13.4, 14.2, and 14.4 °C in the periods 2010-2039,
2040-2069, and 2070-2099, respectively, each being 0.7, 1.4, and 1.6 °C higher when compared to the
observed one. The scenario rcp8.5 predicted the highest temperature trends in comparison with the
other two scenarios. It predicted that the mean daily temperature would rise by 13.8, 14.8, and 15.5 °C
in the periods 2010-2039, 20402069, and 20702099, with changes of 1.0, 2.0, and 2.7 °C, respectively,
in analogy with the observed value.

Both scenarios (A2 and B2) of HadCM3 generally predicted an increasing daily mean temperature
trend for the three future periods in comparison with the observed one, except for scenario B2,
which projected a very slightly decreasing trend only for the period 2070-2099 (Table 3). The scenario
A2 forecasted that the mean daily temperature would rise to 12.7, 12.8, and 12.8 °C in the periods
2010-2039, 20402069, and 2070-2099, being 0.0, 0.1, and 0.2 °C higher, respectively, when compared to
the value of the observed period. The mean daily temperatures were projected by the scenario B2 to
increase to 12.6 and 12.7 °C in the periods 2010-2039, 2040-2069, respectively. In contrast, it predicted
that the mean daily temperature would decrease to 12.6 °C in the period 2070-2099. Accordingly,
the predicted temperature changes by scenario B2 are 0.02, 0.05, and —0.04 °C in the periods 2010-2039,
2040-2069, and 2070-2099, respectively, when compared to the observed period.
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Table 2. Results of the daily mean temperature predictions of the CanESM2 scenarios for the periods
2010-2039, 2040-2069, and 2070-2099.

Scenarios Periods Daily Mean Temperature (°C)

Observed period 1985-2005 (obs) 12.7

2010-2039 (P1) 13.6

2040-2069 (P2) 13.9

rcp2.6 2070-2099 (P3) 13.9

°C change P1 vs. obs 0.9

°C change P2 vs. obs 1.2

°C change P3 vs. obs 1.1

2010-2039 (P1) 13.4

2040-2069 (P2) 14.2

repd5 2070-2099 (P3) 14.4

°C change P1 vs. obs 0.7

°C change P2 vs. obs 1.4

°C change P3 vs. obs 1.6

2010-2039 (P1) 13.8

2040-2069 (P2) 14.8

rep8.5 2070-2099 (P3) 15.5
°C change P1 vs. obs 1
°C change P2 vs. obs 2

°C change P3 vs. obs 2.7

Table 3. Results of the daily mean temperature predictions of the HadCM3 scenarios for the periods
2010-2039, 2040-2069, and 2070-2099.

Scenarios Periods Mean Temperature (°C)
Observed period 1985-2005 (obs) 12.7
2010-2039 (P1) 12.7
2040-2069 (P2) 12.8
A2 2070-2099 (P3) 12.8
°C change P1 vs. obs 0

°C change P2 vs. obs 0.1
°C change P3 vs. obs 0.2
2010-2039 (P1) 12.6
2040-2069 (P2) 12.7
B2 2070-2099 (P3) 12.6
°C change P1 vs. obs 0.02
°C change P2 vs. obs 0.05

°C change P3 vs. obs —0.04

3.2. Precipitation Predictions

Overall, the three scenarios of CanESM2 projected a diminishing trend in the annual precipitation
for the future periods 2010-2039, 2040-2069, and 20702099, when compared to the observed period
(Table 4). However, the scenario rcp2.6 projected a less decreasing trend in the annual precipitation
for the period 2070-2099. The scenario rcp2.6 predicted that the annual precipitation would drop to
287 and 277 mm in the periods 2010-2039 and 2040-2069, respectively, and decrease to 296 mm in
the period 2070-2099. The projected annual precipitation by the scenario rcp4.5 would be 258, 264,
and 293 mm in the periods 2010-2039, 2040-2069, and 2070-2099, respectively. The other scenario rcp8.5
forecasted that the annual precipitation would be 283, 278, and 278 mm for the periods 20102039,
2040-2069, and 2070-2099, respectively.

Scenario A2 of HadCM3 predicted a decreasing trend in the annual precipitation for the periods
2010-2039, 2040-2069, and 2070-2099, in analogy with the observed period (Table 5). The annual
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precipitation projected by scenario A2 would be 340, 292, and 276 mm for the periods 2010-2039,
2040-2069, and 2070-2099, respectively. Scenario B2 also forecasted that the annual precipitation for
the periods 2010-2039 and 2040-2069 would be 310 and 321 mm, respectively, when compared
to the observed period, which conveys a reducing trend. In contrast, it projected an increased
annual precipitation of 875 mm for the period 2070-2099, which will be noticeably higher than
the observed amount.

Table 4. Results of the annual precipitation predictions of the CanESM2 scenarios for the periods
2010-2039, 2040-2069, and 2070-2099.

Scenarios Periods Precipitation (mm)
Observed period 1985-2005 (obs) 346
2010-2039 (P1) 287
2040-2069 (P2) 277
rcp2.6 2070-2099 (P3) 296
% change P1 vs. obs —18
% change P2 vs. obs —-21
% change P3 vs. obs -15
2010-2039 (P1) 258
2040-2069 (P2) 264
repd5 2070-2099 (P3) 293
% change P1 vs. obs -29
% change P2 vs. obs —26
% change P3 vs. obs —16
2010-2039 (P1) 283
2040-2069 (P2) 278
rcp8.5 2070-2099 (P3) 278
% change P1 vs. obs —20
% change P2 vs. obs —21
% change P3 vs. obs -21

Table 5. Results of the annual precipitation predictions of the HadCM3 scenarios for the periods
2010-2039, 2040-2069, and 2070-2099.

Scenarios Periods Precipitation (mm)

Observed period 1985-2005 (obs) 346
2010-2039 (P1) 340

2040-2069 (P2) 292

AD 2070-2099 (P3) 276

% change P1 vs. obs -1
% change P2 vs. obs —16
% change P3 vs. obs —22

2010-2039 (P1) 310

2040-2069 (P2) 321

B2 2070-2099 (P3) 875
% change P1 vs. obs —10

% change P2 vs. obs -7

% change P3 vs. obs 86

3.3. Comparison of the Scenarios

The variance analysis results showed a higher efficiency for the RCP scenarios than the A and
B scenarios in predicting the daily mean temperature of the region (Table 6), because there was no
statistically significant difference between the temperature values simulated by the RCPs and the
observed values (at p < 0.01), while the temperature values simulated by A and B significantly differed
from the observed ones (at p < 0.01). Among the three scenarios of the model CanESM?2, rcp2.6 was
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selected as the most efficient scenario for predicting the daily mean temperature, as it had the highest
Nash-Sutcliffe coefficient and R? value and the lowest MAE and RMSE values when compared to
scenarios rcp4.5 and rcp8.5.

The results of variance analysis indicated that all scenarios were efficient enough to predict the
annual precipitation of the region (Table 7), since no statistically significant difference was found
between the simulated and observed values (at p < 0.01). The scenario rcp2.6 displayed the lowest
values for both MAE and RMSE. Moreover, it showed the highest Nash-Sutcliffe coefficient and R?
value. Thus, it was selected as the best scenario for predicting the annual precipitation. In addition,
the scenarios of CanESM2 simulated closer annual precipitation values to the observed values than the
HadCM3 scenarios (Table 8). The CanESM2 scenarios resulted in higher values of true predictions and
lower values of false prediction than the scenarios of HadCM3. The indicators provided in Table 8
also, in general, confirmed the excellence of scenario rcp2.6 for predicting the annual precipitation.

Together, these indicators showed a relatively higher efficiency for the CanESM2 scenarios than
the HadCM3 scenarios in predicting the daily mean temperature and annual precipitation of the region.

Table 6. Results of the efficiency evaluation of the used scenarios for the daily mean
temperature predictions.

Models Scenarios MAE RMSE Nash-Sutcliffe R? Analysis of Variance
rcp2.6 0.348 0.445 0.808 0.8177
CanESM2 rcp4.5 0.355 0.45 0.801 0.8047 0.772 1
rcp8.5 0.362 0.461 0.795 0.8174
A2 0.0529 0.0658 0.707 0.7346 .
HadCM3 B2 00523  0.0654 0.706 0.7380 0.000

ns: no-significant; **: significant at p < 0.01.

Table 7. Results of the efficiency evaluation of the used scenarios for the annual
precipitation predictions.

Models Scenarios MAE RMSE Nash-Sutcliffe  Analysis of Variance
rcp2.6 0.434 1.297 —2.139
CanESM2 rcp4.5 0.442 1.298 —3.154 0.279 s
rcp8.5 0.45 1.351 —8.576
A2 0.444 1.33 —7.243 0.453 "¢
HadCM3 B2 0.442 1299 —3222

ns: no-significant.

Table 8. Occurrence of precipitation under the used scenarios.

CanESM2 HadCM3
Occurrences

rcp8.5 rcp4.5 rcp2.6 B2 A2

Hit (hit event) 390 395 366 406 425
CN (correct Negative) 1832 1827 1856 1816 1797
Miss (miss event) 1246 1225 1250 1191 1159

FA (false alarm events) 184 205 180 239 271
% true prediction (HEECN) 44.79 44.35 44.25 43.72 43.37
% false prediction (W) 55.2 55.64 55.75 56.27 56.62

3.4. Yield Predictions

The results of the regression analysis and Pearson’s correlation test showed that the precipitation
in March was the most effective factor for the dryland winter wheat yield of the region (Table 9).
The prediction results indicated that the yield would noticeably reduce to 1176, 984, and 890 kg ha~!
in the periods 2010-2039, 2040-2069, and 2070-2099, respectively (Table 10). The reduction percentage
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in the above-mentioned periods is predicted to be —22, —34, and —41%, respectively. These reductions
in the yield are consistent with the reductions in the mean precipitation in March during the three
prospective periods (Figure 4). The reduction in the yield in the periods 2040-2069 and 2070-2099 will
be more severe than that of the period 2010-2039, which is in line with a more severe reduction in the
precipitation in March than in the former periods.

Table 9. Regression and correlation results of the yield and precipitation data.

Crop Regression Model R R? RMSE (%) Significance Level Predictor Model
winter wheat Forward 078 0.62 18.82 0.012* Y =20.883X + 625.846

*: significant at p < 0.05 where Y is dryland winter wheat yield; X is the precipitation in March; and the constant
numbers are Y-intercepts.

Table 10. Results of the dryland winter wheat yield predictions for the periods 20102039, 2040-2069,
and 2070-2099.

Crop Cropping Year Grain Yield (kg ha—1)

2010-2011 (obs) 1512

2010-2039 (P1) 1176

2040-2069 (P2) 984

Winter wheat 2070-2099 (P3) 890

% change P1 vs. obs -22

% change P2 vs. obs —34

% change P3 vs. obs —41
1600 60 _
S
s 1200 <
o 40 £
2 1000 g
2 800 30 &
= c
> 600 20 &
S 400 g
o
© 200 10 &
0 0 o

2010-2011 2010-2039 2040-2069 2070-2099
Period

mam Yield -———Precipitation
Figure 4. Relationship between the yield reduction and rcp2.6-induced precipitation of March in the

three future periods.

4. Discussion

4.1. Temperature Predictions

GCMs have widely been used for predicting future temperature trends. Van Vuuren et al. [29]
showed that the mean temperature was likely to increase in the future in many parts of the world.
For instance, Basheer et al. [30] claimed that the climate over the Dinder River Basin would be
warmer in the upcoming decades. Majhi and Pattnayak [31] also revealed that there would be a
gradual temperature increase in Nabarangpur district at the end of the 21st century. Our results also
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indicated that the temperature would generally increase in the three investigated periods; however,
the magnitude of these increases are dependent on the scenarios applied. The CanESM?2 scenarios
postulated a higher variability in the predicted temperature values than the HadCM3 scenarios.
In addition, the temperature changes predicted by CanESM2 were noticeably higher than those
predicted by HadCM3. Such different trends have also been observed by [22], who compared some
GCMs such as HadCM3 and CanESM2. These diverse trends could have been due to the different
scenarios used, as was the case for the study of [32]. Among the CanESM2 scenarios, rcp8.5 and
rcp4.5 predicted the highest temperature values, respectively, whilst rcp2.6 projected the lowest
ones. These results are in line with the findings of [22]. The greatest temperature values predicted
by scenarios rcp8.5 and rcp4.5 seem plausible due to the underlying physical laws to simulate the
ongoing increases in the radiative forcing and CO, concentrations by the end of the 21st century.
In contrast, rcp2.6 simulated a lower radiative forcing towards the end of the 21st century as well as
lower CO, concentrations.

4.2. Precipitation Predictions

All scenarios, except B2, revealed that there would be a reduction in the annual precipitation in all
investigated periods. Scenarios rcp4.5 and rcp8.5 projected the maximum and the minimum reductions
in the annual precipitation, respectively, which was a very similar result to what [33] concluded.
Scenario B2 projected substantial increases in the annual precipitation for the period 2070-2099.
Moreover, scenario rcp2.6 projected a less decreased annual precipitation for the aforementioned period.
One study has shown that there is a possibility for a reduction in the rivers’ ice thickness in winter and a
slight increase in the discharge during the break up from May to June in Siberia [34]. This phenomenon
can be caused by extreme warming around Siberia in the period 2070-2099. To confirm this notion,
Shiklomanov et al. [35] predicted an increased mean temperature trend for Siberia by the late 21st
century. The province of Qazvin is extremely affected by Siberian winds. Therefore, the increased and
less decreased annual precipitation projections for the period 2070-2099 by scenarios B2 and rcp2.6
might be logical. Nevertheless, the properties of the scenarios used could be among other reasons for
the different precipitation results achieved. Scenarios rcp2.6 and B2 more optimistically simulated the
future projections when compared to the other scenarios used. For instance, rcp2.6 predicted a radiative
forcing of 3 W m~2 and a CO, concentration of 490 ppm; and B2 described a world with intermediate
population and economic growth, emphasizing local solutions to economic, social, and environmental
sustainability. Thus, a more optimistic simulation of the annual precipitation of the region could
have been another possible reason for the increased and less decreased precipitation values predicted.
Vallam and Qin [22], using a statistical downscaling technique, also showed that scenarios rcp2.6 and B2
could predict either increased or at least lesser decreased rainfall percentage for Frankfurt (Germany),
Singapore, and Miami (USA) in the 2080s when compared to the other scenarios used. However,
the CanESM2-derived RCP scenarios led to great variabilities in predicting future meteorological
variables, especially rainfall in arid regions [22]. This might be another plausible reason for the increase
(14%) in the annual precipitation predicted by rcp2.6.

4.3. Yield Predictions

Studies have shown that there is a significant correlation between winter wheat yield and the
climatic variables [16]. Thus, the most efficient scenario (rcp2.6) in predicting both temperature and
precipitation was applied to predict the dryland winter wheat yield of the province. The results of the
Pearson’s correlation test indicated that the precipitation in March was the most effective factor on yield
(r=0.78, p < 0.01). A study on the effects of precipitation on dryland cereals yield in three provinces
of Iran was performed, where the climate is semi-arid [36]. The results of the study showed that the
yield of dryland winter wheat was significantly correlated to precipitation, especially the precipitation
in April. In the province of Qazvin, dryland winter wheat is at the tillering stage in March (personal
communication with the farmers). It seems that the lower precipitation in March could lead to a
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lower number of head-bearing tillers and lack of the opportunity for their survival, finally resulting
in lower grain yields. Karimi [37] investigated the effects of precipitation during the tillering of
dryland winter wheat in Iran and reported a significant impact on the final grain yield. Even though
agricultural factors such as soil, fertilizers, and other climatic variables like radiation could also be
effective, Lobell [16] indicated that precipitation had a more considerable influence on dryland farming.
Meanwhile, the value of R? between the observed and simulated data was 0.62, meaning that the
yield was 62% dependent on the annual precipitation and the other 38% was dependent on other
unspecified factors. The percentage of RMSE was about 18% between the observed and simulated data,
which was an acceptable value that showed the adequate accuracy of the predictions [38]. Moreover,
the observed reductions in the precipitation in March during the three future periods could have been
due to shifts in the seasons due to warmer temperatures of the areas by which the studied region is
affected. As mentioned earlier, the temperature of Siberia has been projected to rise by the late 21st
century [35]. Since the province of Qazvin is extremely affected by Siberian winds, it is plausible that
these winds will alter the seasons of this province.

5. Conclusions

In this study, the downscaling of two important climatic variables—temperature and
precipitation—was done by the CanESM2 and HadCM3 models for the province of Qazvin, located in
Iran. The used scenarios were able to predict the daily mean temperature and annual precipitation
for the three different future periods 2010-2039, 2040-2069, and 2070-2099. The CanESM2 scenarios
seemed to be more efficient than the HadCM3 scenarios in simulating the future temperature and
precipitation trends of the region. Generally, the region’s daily mean temperature tended to increase
and the annual precipitation tended to decrease in the three prospective periods investigated. However,
scenarios rcp2.6 and B2, respectively, predicted that the precipitation would decrease less or even
increase in the third period (2070-2099). Scenario rcp2.6 was assumed to be the most efficient to predict
the dryland winter wheat yield of the province for the upcoming decades. The grain yield was projected
to considerably decrease in the three periods, especially in the last period. The yield reductions are
assumed to mainly be due to the decrease in precipitation in March during the investigated periods.
Some adaptive strategies to prevent the detrimental impacts of climate change on the province dryland
wheat yield include the cultivation of resistant winter wheat varieties to drought as well as earlier
sowing dates. The authors would like to recommend the comparative use of the applied CanESM2
and HadCM3 scenarios to predict climatic variables of other semi-arid regions.
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