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The first scenario is the normal change in the climate in which no change or  First
variability in the climate is taken into account. In this scenario, normal random
numbers are considered with the current rainfall and current rainfall variance of 0.05.
This assumption is compared with three other assumptions about climate conditions.
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This is a climate change scenario in which normal random numbers are considered to ~ Second
be half the mean of the current rainfall and 0.05 is the current rainfall variance.
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The third scenario is climate variability in which normal random numbers are Third
considered with the current rainfall and 30% of the current rainfall variance.
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The fourth scenario has two second and third assumptions. So that normal random  gqrth

numbers are considered to be half the mean of the current rainfall and 30% of the

current rainfall variance.

Source: Gohar & Cashman, 2016
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Table 2. Cumulative precipitation under different climate conditions

) i Y ol Vsl AREETBL
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Y . . Scenario II1 Scenario IV
car Scenario I Scenario I1 . .
Normal climate change Climate change C.l 1m.a.t ¢ Double oxposure (climate
variability variability and change)
1 312.9873 155.2462 316.4591 156.9073
2 313.7897 157.5785 311.0729 156.3133
3 313.9598 157.9632 315.6974 151.2917
4 311.0888 155.7834 317.0601 156.6863
5 312.4637 155.4388 315.9659 155.7228
6 312.1633 156.6974 308.9932 155.7863
7 312.8864 155.4448 319.8162 153.217
8 314.5494 155.5545 315.4442 152.9355
9 312.429 157.5193 313.8975 156.5171
10 313.38 158.6562 318.4362 157.14
11 312.2418 159.4603 317.2665 154.8353
12 313.8099 155.9077 318.9147 160.6576
13 312.5504 156.4166 309.5523 156.0935
14 312.771 155.4854 308.4921 159.0738
15 315.7372 156.5551 310.8885 154.9514
16 312.4773 156.361 310.9214 157.7658
17 311.7535 156.0306 311.7132 154.7504
18 311.6577 155.3918 317.3127 157.0226
19 313.7797 159.1708 312.2114 149.0808
20 314.8654 157.724 311.1917 158.2213
= 6261.341 3134.386 6281.307 3114.97
Total
L e
313.0671 156.7193 314.0654 155.7485
Average
o el e
Source: Research findings
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Figure 1. Precipitation amount due to climate change
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Table 3. Wheat crop cultivation area under the different research scenarios (thousand hectares)

. \RTT B
! S ARTEBE ¥ ol Sl
Ju el o . Dk s bl g =
Scenario I e = e ‘5J’-'= = Scenario IV
Year . Scenario 11 Scenario 11 Double exposure
Normal climate . . o . e
change Climate change Climate variability (climate variability
and change)
1 2360.599 2012.551 2370.53 2014.096
2 2404.423 2007.362 2395.589 2005.98
3 2493.67 2038.96 2500.161 2031.292
4 2607.66 2121.475 2628.016 2122.688
5 2660.928 2143.398 2673.494 2143.787
6 2681.815 2166.845 2670.077 2165.536
7 2778.133 2213.624 2810.397 2210.471
8 2522.127 1946.041 2522.127 1942.208
9 2680.517 2077.664 2680.517 2075.971
10 2733.672 2128.507 2759.016 2125.885
11 2638.329 2048.948 2663.11 2041.261
12 2647.303 2061.825 2671.798 2069.776
13 2552.758 1984.191 2538.728 1983.694
14 2360.449 1908.857 2360.449 1914.64
15 2306.407 1920.492 2306.407 1917.938
16 2195.652 1824.016 2195.652 1826.183
17 2189.765 1824.172 2189.765 1822.307
18 2184.008 1822.969 2184.008 1825.419
19 2175.392 1825.143 2175.392 1811.124
20 2169.503 1820.784 2169.503 1821.579
o 49343.11 39897.82 49464.74 39871.84
Total
Lo e
2467.156 1994.891 2473.237 1993.592
Average
e sleeSl ate
Source: Research findings
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Figure 2. Wheat crop cultivation area due to climate change
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Table 4. Average net income of wheat farmers under the different climatic conditions (billion tomans)

. F sl
NSk ARTEE ANCEE R
Ju 81 e s . T S
S o1 ) =l s Scenario IV
Year cenarto Scenario 11 Scenario 11 Double exposure
Normal climate . . o . o
change Climate change  Climate variability (climate variability
g and change)
1 12675.26 10806.41 12728.58 10814.71
2 12910.57 10778.55 12863.14 10771.13
3 13389.79 10948.22 13424.64 10907.04
4 14001.85 11391.28 14111.16 11397.8
5 14287.88 11509 14355.35 11511.08
6 14400.03 11634.9 14337.01 11627.87
7 14917.21 11886.08 15090.46 11869.15
8 13542.59 10449.29 13542.59 10428.71
9 14393.06 11156.04 14393.06 11146.95
10 14678.48 11429.04 14814.56 11414.96
11 14166.53 11001.85 14299.6 10960.57
12 14214.72 11070.99 14346.24 11113.69
13 13707.06 10654.14 13631.73 10651.47
14 12674.45 10249.63 12674.45 10280.68
15 12384.28 10312.1 12384.28 10298.39
16 11789.58 9794.072 11789.58 9805.709
17 11757.97 9794.908 11757.97 9784.895
18 11727.05 9788.452 11727.05 9801.603
19 11680.79 9800.121 11680.79 9724.847
20 11649.17 9776.715 11649.17 9780.989
- 264948.3 214231.8 265601.4 214092.2
Total
Lo g
13247.42 10711.59 13280.07 10704.61
Average
s sl e

Source: Research findings

Cromet (bl a3 3 g el s oy i O
logazes (28 ol o 25n Jl Yo sk
Luge jiba 5 Obg sle YVFAY/YYY
Slowl LT3 Ole g sl VeVEF/#Y e YL
Sler Cow T s Wiy aslsl o ..s.sjf <
e SO S 4 e e 2
335
o olalin 55 ¥ S s S 6 Sles
SN, VY Jle 31 Ola gy sligy 3l w335

LSl dal g Je 5

1AQ

o sl Jlo s Ll 5 ol s . Cdls sl
O 57V sl dle s 5 el )5 o 28 VF 5A
WSl dal g 3 g AeT s o i
Bld s i o) @B L,
A 5V Y sl Jle s r.:lil gy
s & s Ve Y sl Jl s T s o a8
WVl LT )5 Lawgie 338 o slowl LT s
YEOFN/F ¢ game 53 5 Ol g 3,Len WWYA /Y
gFs Sl 3 3y ol Oy 5L
c\ﬂéuJuﬁGlnﬁjgﬁJ\imﬁdu}@
37V b Jl s 5 T s o 2eS VWY 5 Y



A Ol 3 YO duly —F o )led = ¥Y 095 « 2155 (88207 S g h 4 pii»

16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

o

1 2 3 4 5 6 7

mm Normal climate change

B Climate change

=0—Climate variability

8 9 10 11 12 13 14 15 16 17 18 19 20

Double exposure (climate variability and change)

RGO rfo}M O35S GVl T s Y s
Figure 3. Annual income of wheat crop farmers under different climate conditions
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Source: Research findings
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Table 5. Price per ton of wheat (million tomans)

. F sl
AREEEL Y 6ol ¥ st -
JL O R . A ol e =
S o1 Bl B Sk Scenario IV
Year cenaro Scenario 11 Scenario 111 Double exposure
Normal climate . . L . L
hanoe Climate change Climate variability  (climate variability
chang and change)
1 1.496 1.78 1.488 1.779
2 1.872 2.24 1.88 2.242
3 2.268 2.752 2.261 2.76
4 2.771 3.356 2.746 3.354
5 3.374 4.097 3.356 4.097
6 4.135 4.975 4.154 4.977
7 4.92 5.995 4.858 6.001
8 5.207 6.817 5.207 6.828
9 6.332 8.215 6.332 8.221
10 7.913 10.068 7.823 10.077
11 9.423 12.049 9.313 12.083
12 11.715 14.744 11.589 14.703
13 13.661 17.41 13.754 17.414
14 16.721 20.522 16.721 20.474
15 20.426 24.355 20.426 24.381
16 24.478 29.254 24.478 29.226
17 29.465 35.102 29.465 35.131
18 35.464 42.144 35.464 42.099
19 42.748 50.525 42.748 50.836
20 51.455 60.746 51.455 60.725
e 295.844 357.146 295.518 357.408
Total
L g
14.7922 17.8573 14.7759 17.8704
Average
S5 Sl (e

Source: Research findings
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Introduction

Climate change results in reduced crop production and decreased income for
farmers by restricting water availability (Gohar & Kashman, 2016). Iran’s presence
in the arid and semi-arid belt of the world has led to frequent occurrence of water
scarcity events and droughts. Wheat is one of the crop plants affected by climate-
related changes. In Iran, wheat is the most cultivated crop and is considered to be
of high importance. In the 2012-2015 cropping year, the total wheat cultivation
area in Iran was 5928728 hectares and its production was 14592003 tons. These
statistical facts indicate that both the level of cropping and production of this crop
is quantitatively high. This crop plant comprised 50.39% of the total cultivation
and 17.58% of total crop production in Iran in the above- mentioned cropping year
(Agricultural statistics, 2017).

Materials and Methods

Using a positive mathematical programming model as well as the available
information on the different aspects of the wheat crop production during the years

2000-2015, the trend of cultivation area, farmers’ incomes and prices of wheat
in each climate scenario were investigated over the 20 years. This objective was

Email address of the corresponding author: Soroushkiani@chmail.ir
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pursued using GAMS software. CROPWAT software was used to calculate the
crop water requirement. The method of PMP was first introduced by Howitt. As the
most commonly used method for calibration, a positive mathematical programming
model was performed in three steps. In the first step, the linear programming model
was determined by considering the calibration constraints, and in the second stage,
using the dual values of the previous stage model, a nonlinear objective function
was constructed. In the third step, the calibrated objective function was used
as a nonlinear programming model for policy analysis (Moghadasi & Bakhshi,
2014). The climate scenarios in this study were as follows; normal climate change,
climate change, climate variability, and double exposure (both climate variability
and change).

Results and Discussion

Climate change can be mentioned as an unavoidable phenomenon all around
the world, which is undoubtedly much more severe in Iran due to its particular
geography and arid and semi-arid climate. In the meantime, the agricultural
sector has been and will be more vulnerable to these natural changes due to its
strong reliance on natural phenomena. Given the variability of this aspect of the
climate change, agricultural production is affected first and foremost. In fact,
climate change will change the price of crop products and income of farmers by
altering production levels. In this study, the effect of climate change on agricultural
production was evaluated to determine the impact of four different climate
scenarios on precipitation, wheat cropping area and farmers’ income level as well
as wheat price as one of the most important agricultural crop products in Iran. The
results showed that among the four scenarios studied, double exposure (climate
variability and change) and climate change scenarios had more deleterious effects
on the studied cases. The first evaluated factor was the effect of different scenarios
on precipitation, which showed a significant reduction over the period of 20 years.
This would be to an extent where the precipitation under the both climate scenarios
will decrease by an annual average of 50%, as compared to the other two situations.
Under these two scenarios (climate variability and change), wheat cropping levels
and farmers’ incomes will fall further than the other two scenarios. In these two
scenarios, wheat prices will be higher than the other scenarios. Based on the results
of this study, the continuation of climate change and the lack of appropriate policies
to confront and adapt to these changes will have unavoidable negative impacts on
wheat production in Iran. Reduced income of farmers and rising wheat prices will
lead to a reduction in the welfare of producers and consumers.
Keywords: Climate variability, income, positive math planning, crops.
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