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ARTICLE INFO ABSTRACT

. . Climate change has had a significant impact on the global production of agricultural
Article type: products. Studying the impact of climate change on the production of agricultural
Research Paper products is very important for making preventive decisions to improve agriculture.

The aim of the current research is to simulate the cultivation pattern of Jiroft plain
agricultural products under the influence of different climate scenarios. For this
purpose, at the beginning, the effect of temperature and precipitation climatic

Avrticle history variables on the yield of onion and potato crops in the period 1991-2022 was
Received: 10 January 2024 investigated using regression analysis. The reason for choosing these two crops is
that they occupy a high area under cultivation and are cultivated in spring and

Revised: 02 February 2024 autumn. Then, using HasGEM3 general circulation model, the climate variables of
) Jiroft plain under RCP 8/5, 4/5, 6/2 series scenarios available in the latest report of
Accepted: 09 February 2024 the International Panel on Climate Change (5th report) for the periods (2011-2045) ,

Published online: 3 September 2024 (2046-2065), (2066-2079) and (2080-2099) were predicted. In the end, by applying
the positive mathematical programming approach, the cultivation pattern of the
region was simulated and the effects of climate change on the cultivation pattern in
the mentioned periods were investigated. The results showed that the climatic
Keywords: parameters of temperature and precipitation have a significant effect on the
- performance of selected products. Also, by applying the forecast of climate
C_Ilmate_ changes, General variability in the cultivation pattern model of all selected crops in the periods (2011-
circulation of the atmosphere, 2045), (2046-2065), (2066-2079) and (2080-2099) based on The noses of the
Simulation, Agriculture, Jiroft. HasGEM3 model are affected by different climate scenarios. Considering the
effects of climate change and improving the productivity of agricultural products, it
is one of the bad effects of this phenomenon. The results of this research can be
useful in agricultural planning and economic development of Jiroft city.
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EXTENDED ABSTRACT

Introduction: The decrease in the productivity of agricultural production, the decrease in farmers' income, and
finally the decrease in economic productivity are the results of global warming, drought, floods, and wide
variability in the climate, so climate change can affect agriculture. This is an economic activity and one of its
goals is to produce agricultural products and provide food for the growing population in the world, as a result,
present and future food security, it can face this security with serious problems and issues. Concerning climate
change and its effect on the economy, it can be said that as one of the essential factors in the changes in the
climate in the world, the increase in the emission and concentration of greenhouse gases has been stated, and a
slight change In the world's climate situation, in many cases, it causes great changes in the increase, intensity,
and rate of occurrence of severe climate change events and damages and natural disasters, as well as economic
damages and losses. According to many environmental experts, due to the emission of greenhouse gases in the
world, the planet will face severe environmental and climate crises in the coming decades. Climate changes
directly and indirectly affect the country's economy.

Methodology: The LARS-WG model uses complex statistical distributions to model meteorological variables.
The length of dry and wet periods, daily precipitation and radiation series, and semi-empirical distribution are
the basis of this model. Climatic variables of minimum temperature, maximum temperature, precipitation, and
solar radiation are the inputs of the LARS-WG model, which are all in the daily time frame. The radiation is
modeled independently of the temperature, and the sundial can be used instead. From the semi-empirical
distribution of the rainfall of the month in question and independent of the wet series with the amount of
precipitation in the previous day, the amount of precipitation of one day is calculated. In this model, the
temperature is estimated by Fourier series. The daily minimum and maximum temperatures are modeled as
random processes with the average and standard deviation of the daily standards, which depend on whether the
day is wet or dry. To simulate the mean and standard deviation of the seasonal temperature, the third-order
Fourier series is used. The residual values are calculated by subtracting the average values from the observed
values, and the minimum and maximum data are used in time autocorrelation analysis. Minimum temperature,
maximum temperature, precipitation, and radiation form the outputs of this model. Calibrating, evaluating, and
creating meteorological data are three stages of LARS-WG model data generation. In the next step, using
LARS-WG models under RCP 2.6, 4.5, and 8.5 scenarios and the micro-scale exponential LARS-WG
generating model of Jiroft Plain climate changes during the planting period of each crop in the periods of (2011-
2045), (2046-2065), (2066-2079), and (2080-2099) are calculated. In the last stage, the effect of climate change
scenarios on the planting pattern of Jiroft Plain was investigated by using the predicted climate change results
and with the help of a positive mathematical programming model. In this section, the current cultivation pattern
of Jiroft Plain and the effects of changes in climate parameters predicted under different climate scenarios and
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patterns in the periods (2011-2045), (2046-2065), (2066-2079), and (2080-2099). Finally, a positive
mathematical programming model and GAMS25 software have been used.

Results and Discussion: The minimum temperature in all three scenarios RCP2.6, RCP4.5, and RCP8.5 in the
period of 2046-2065 has an increasing trend compared to the base period. Besides, the maximum temperature
increases in the mentioned scenarios and during the studied season. Rainfall also decreases in the examined
scenarios for the period of 2011-2045. Accordingly, the minimum temperature in all three scenarios RCP2.6,
RCP4.5, and RCP8.5 in the period 2066-2079 has an increasing trend compared to the base period. The
maximum temperature increases in the mentioned scenarios and during the studied season. Rainfall also
decreases in the examined scenarios for the period of 2011-2045. According to the obtained results; the
minimum temperature in all three scenarios RCP2.6, RCP4.5, and RCP8.5 in the period of 2080-2099 has an
increasing trend compared to the base period. Furthermore, the maximum temperature increases in the
mentioned scenarios and during the studied season. Rainfall also decreases in the examined scenarios for the
period of 2011-2045. The results showed that the climatic parameters of temperature and precipitation have a
significant effect on the performance of selected products. In addition, by applying the forecast of climate
variability in the cultivation pattern model of all selected crops in the periods (2011-2045), (2046-2065), (2066-
2079), and (2080-2099) based on the noses of the HasGEM3 model are affected by different climate scenarios.
Conclusion: An increase in temperature and radiation in the studied area can lead to an increase in evaporation
and transpiration, a decrease in snowfall, and an increase in torrential rains and floods in the region, which
together with a decrease in precipitation in the region. It can lead to a decrease in the storage and supply of
water resources. An increase in the maximum temperature can also cause a reduction in the growth period of
agricultural products and as a result, a decrease in crop yield. With an increase in the average minimum
temperature, the yield of crops that require cold during the growth and yield period will decrease. One of the
measures that can be considered to reduce the adverse effects of these climate changes is to strengthen the
vegetation in the area to store and infiltrate rain into underground water journeys and to create solutions
compatible with the new climate conditions by the officials and policymakers of this area.
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Figure 1- Location of Jiroft plain, in southern Iran
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Table 1- Average values of climatic variables of Jiroft Plain during the statistical period of 1989-2018
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Table 2- Values of LARS-WG model evaluation statistics in the statistical period of 1989-2010
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Table 3- Predicted value of climatic parameters in the period (2011-2045)
polod puely A1 el cwsT e g 4 dial ol ag 93 92yl sl
9.72 13.69 19.02 24.08 27.77 2947 2755 2426 1938 1521 10.99 9.02 RCP2.6 s
10.11 1409 19.10 2387 27.60 29.30 2743 2416 19.15 1487 10.73 8.83 RCP4.5 s
10.29 1418 1938 2431 27.84 2929 2731 2417 1942 1528 1118 9.23 RCP85 i
2254 2805 34.67 40.16 43.60 4494 4427 4064 3462 2390 2364 2035 RCP2.6 s
2234 2825 3491 40.04 4314 4466 4440 4105 3493 2871 2294 1960 RCP4.5 .
2268 2840 3516 4049 4357 4455 4367 4052 3509 2934 2364 2018 RCP85
1.20 0.33 0.19 0.12 0.09 0.05 0.05 0.26 0.49 0.94 141 116 RCP2.6
1.80 0.41 0.11 0.07 0.10 0.04 0.04 0.22 0.46 1.02 121 159 RCP45  Sujt
1.75 0.37 0.14 0.11 0.14 0.04 0.06 0.28 0.51 1.07 1.20 1.56 RCP8.5
(YeFP-Y+50) 0,95 55 condl (gl ol )by ol g yi ldo —F Jou
Table 4- Predicted value of climatic parameters in the period (2046-2065)
el s 51 sl sl Ve Gy 4 dal ol a4l 52l sl
10.89 1513 20.32 2522 2852 2991 2767 2466 1951 1540 1140 9.76 RCP2.6
11.65 16.07 2098 25,77 29.10 30.70 28.39 2513 20.00 1549 1153 10.04 RCP45 .S sk
1225 1659 2178 26.74 29.99 3127 28.88 2583 20.72 1653 1253 11.09 RCP8.5
23.66 29.58 36.31 4141 4422 4526 4468 4108 3458 2861 2334 2041 RCP2.6 o>
2456 30.26 36.57 4180 4472 4583 4528 4187 3555 29.38 24.05 2133 RCP45 .
2452 30.63 3742 4244 4524 4628 4561 4226 36.21 3011 2439 2122 RCP85 S
1.55 0.27 0.04 0.17 0.16 0.05 0.05 032 0.75 1.58 1.64 211 RCP2.6
1.27 0.38 0.16 010 009 007 010 027 045 112 1.07 109 RCP45 S8k
163 051 003 014 013 006 005 030 058 115 155 220 RCP85
(YeRP-Ya¥2) 5,95 15 conldl (gl ol )by ol sy ldo —O Jgu
Table 5- Predicted value of climatic parameters in the period (2066-2079)
ol yely A el cwsT Ve gy 4 el ol apd Al 92yl sy
10.36 1512 2042 2530 2856 30.08 27.70 2425 1929 14.88 11.14 932 RCP26 Slos
11.52 16.02 21.20 26.27 29.67 30.78 2851 2544 20.20 16.02 12.02 1051 RCP4.5 s
14.07 1851 2358 2838 3151 32,65 30.12 26.80 21.60 17.51 13.80 1281 RCP8.5 i
2329 2948 36.27 4147 4440 4543 4458 4089 3482 29.01 2338 2042 RCP2.6 slos
25.09 30.75 37.16 4222 4524 46.23 4550 4194 3572 30.11 24.78 2195 RCP45 .
2626 3238 39.15 4413 4680 47.66 4696 4323 3654 30.33 2469 2245 RCP85
1.64 0.18 0.22 0.14 0.03 0.05 0.11 0.25 0.52 1.04 1.45 153 RCP2.6
1.00 0.15 0.04 0.19 0.09 0.03 0.04 0.32 0.80 1.06 1.06 112 RCP45 Sl
1.77 0.23 0.03 0.23 0.09 0.03  0.05 0.32 0.88 151 218 260 RCP85
(YeAe-Y+23) 5,95 15 _conll (gl el )by bl (g yiiy ,ltie —F Jgua
Table 6- Predicted value of climatic parameters in the period (2080-2099)
sebos ey sl el cwsT Y i 4 Jal ke a4l 92yl sy
10.66 15.11 20.35 2529 28.69 30.03 27.87 2468 1982 1549 1099 924 RCP2.6
12.09 16.30 2150 26.63 30.01 3132 2911 2592 2090 16.48 1230 10.64 RCP45  aues sl
1584 2050 25.84 3048 33.36 3442 3202 2837 2318 1890 1501 14.03 RCP85
2349 29.14 3572 4126 4434 4527 4477 4186 3582 29.74 2352 2047 RCP2.6
2473 3049 3721 4274 4573 46.77 46.25 4289 36.51 30.65 25.03 2193 RCP45  anin b
2735 3352 4055 4576 4831 49.06 4824 4451 37.69 3147 26.02 23.85 RCP85
1.39 0.31 0.28 0.12 0.10 0.06 0.06 0.20 0.51 1.09 143 118 RCP2.6
143 0.34 0.19 0.11 0.11 0.07 0.06 0.25 0.62 122 1.22 1.10 RCP45 SH)b
2.07 042 0.32 0.14 0.12 0.06 0.08 0.27 0.69 1.60 2.45 2.00 RCP8.5
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Table 4- Value of Hurst view for climatic parameters
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Table 5- Cultivated area, production and yield of selected agricultural products and consumption of inputs separately
in the agricultural year 2021-2022
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Table 6- The effect of climatic variables of temperature and precipitation on the yield of Jiroft crops
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Table 7- Regression model statistics

O3Sl 90 Jlox>! (R?) ouds Jooa5 (s R?) (om0 Jyaze
2.09 0.0000 0.77 0.82 ETOSHOI
2.14 0.0000 0.76 0.81 e

i lag )l b e Loy (Siydely Jdho S8 L g osd i (ol sl eyl uls 5l edlatul b 3T als e )

oo o5 12 3l s o | 5 05 gyt Sy ol S 5550 5 g cals 2T iz g o Slos 2 ol

oald i 5 Jodo 50 e (sriwwly o sl Jao b li8le 5 50 dalllas dyge (sbrodld 39y 5l o Deus o0l L oud Sl
g b s cilbe Jse 5l sdel canday SleMbl b b Jlo cusS 5 pdaw (slaodly LI 48 ol o

Cd (3L s PMP Juto (2w jliisl —A Jgaa
Table 8- Validation of Jiroft PMP model
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Table 9- Changes in the cultivated area of selected crops based on HadCM3 model predictions
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Table 10- Performance changes of selected products based on HadCM3 model predictions
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Table 11- Changes in the amount of production of selected products based on HadCM3 model predictions
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Table 12- Changes in the level of total gross income of selected products based on HadCM3 model predictions
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Table 13- Changes in total production cost of selected products based on HadCM3 model predictions
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Table 14- Net profit changes of selected products based on HadCM3 model predictions
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