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2-  Atmosphere-Ocean General Circulation Model
(AOGCM)

3- Radiative Forcing
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1- Intergovernmental Panel on Climate Change (IPCC)
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s -0.81 2.07 -0.62 2.22
Alfalfa
# -2.32 -4.66 -1.92 -5.01
Barely
by 238 451 -2.45 485
Bean
A 2.28 4.21 1.93 453
Cucumber
e -1.63 -3.66 -1.31 -3.94
Garlic
wogle @2 0.88 0.78 0.85 0.84
Forage maize
>3 -3.46 551 -3.04 -5.93
Pea
) e -1.05 341 0.72 -3.67
Potato
b 127 164 116 177
Rapeseed
g 121 275 0.97 2.95
Sugar beet
E acd 2.88 471 252 5.07
Tomato
e 1.7 2.01 157 217
Watermelon
P -1.44 -2.29 1.26 2.46
Wheat
Nkl 2,97 6 2.45 -6.46
Rain fed barley
o 041 042 -0.38 -0.46
Rain fed lentil
el 0.56 1.1 0.46 1.18
Rain fed watermelon
Kakand -1.45 -355 112 -3.82
Rain fed wheat
22 29 -0.41 -0.42 -0.38 -0.46

Rain fed pea

Source: Research findings
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Table 2- Impacts of climate change scenarios on crop cultivation pattern in Hamedan-Bahar plain

Jyasw b oyl s Bl ¢,k A2 g L RCP2.6 g L RCP8.5 ¢ ,Lws
Crop Current conditions  Scenario B1  Scenario A2 Scenario RCP2.6  Scenario RCP8.5
s 8482 7967.8 7172 8088.1 6995.9
Alfalfa
# 10361 9069.8 7071.3 9371.8 6628.8
Barely
g 15 6 6.1 6 6.1
Bean
s 357 353.9 349.2 354.6 348.1
Cucumber
o 1935 19175 1890.3 1921.6 1884.3
Garlic
Sole @2 303 295.7 284.4 297.4 281.9
Forage maize
57 69 56.2 36.4 50.2 321
Pea
e e 9601 9529.3 9418.2 9546 9393.7
Potato
el 216 197.1 167.7 201.5 161.2
Rapeseed
P 132 122.3 107.3 124.6 104
Sugar beet
R e 18 18.2 185 182 186
Tomato
N 301 290.7 274.8 293.1 271.2
Watermelon
P 13341 11537.1 8745.2 11959 8127.1
Wheat
. 2 9 15660 16863.2 18721 16582.5 19132.3
Rainfed barley
2o 57 59.9 64.3 59.2 65.2
Rainfed lentil
el 6 8.4 11.9 7.8 12.7
Rainfed watermelon
. w2 5 82935 85451.5 89337.2 84864.4 90197.4
Rainfed wheat
w2 297 1135 1179.5 1248.1 1169.1 1263.3
Rainfed pea
(’t&"’_) S i ) 144924 144924.1 144923.9 144924.1 144923.9
Total cultivation area (hectare)
ol (J=d byl 4y G Ol s doyd 3Ly J5D olasl Geaos glaaidly sl
Numbers in parentheses are the percentage of changes compared to the current conditions Source: Research findings
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Table 3- Impacts of climate change scenarios on production, cultivation area and water use of total and basic food crops in
Hamedan-Bahar plain

o=d byl Bl g ,lw A2 g L RCP2.6 ¢ ,Lww RCP8.5 ¢ ,Lww
Current conditions Scenario B1 Scenario A2 Scenario RCP2.6  Scenario RCP8.5
Production (Thousand tons) (o ,152) Mg lade

Total §gazxe 859.7 829.8(-3.5%)  782.2(-9.0%) 836.9(-2.7%) 773.49(-10%)
;“3 Eooxe 798.5 769.8(-3.6%)  724.6(-9.2%) 776.6(-2.7%) 716.3(-10.3%)
S8 Total
) a i
43 ! 660.5 628.9(-4.8%)  579.1(-12.3%) 636.5(-3.6%) 569.5(-13.8%)
v o Irrigated
a3 O
3%3 2 > 138 140.9(2.1%) 145.5(5.5%) 140.1(1.6%) 146.8(6.4%)

0 Rainfed
©Vgazme Lo 61.2 60(-2.1%) 57.6(-5.9%) 60.3(-1.5%) 57.1(-6.7%)

Other products

Cultivation area (hectare) (,lsa) cuis ) amlaw

Total §geme 144924 144924.1 144923.9 144924.1 144923.9

(2}

'i E| ?‘;"I‘ 140899 140912(0.01%) 140917(0.01%)  140911(0.01%) 140918(0.01%)
S ota

) & i

43 _“’”‘I 42304 38597(-8.8%)  32859(-22.3%) 39464(-6.7%) 31589(-25.3%)

™ 8 Irrigated

3 (&)

3}3@ w2 98595 102315(3.8%)  108058(9.6%) 101447(2.9%) 109330(-10.9%)
] Rainfed

©Ypae b 4025 4013(-0.3%) 4007(-0.5%) 4013(-0.3%) 4006(-0.48%)

Other products

Water use (Million m3) (S je (ygdss) o pae

<Y S 272.8 254.3(-6.8%) 225.8(-17.2%) 258.6(-5.2%) 219.5(-19.5%)
Total products
““"L_”I e Y5 253.8 235.8(-7.1%) 208(-18.1%) 240(-5.4%) 201.8((-20.5%)
Basic food products
ol (J=d byl 4y Cand sy doyd slyy S5 b slael 25 slaazdly Asbe
Numbers in parentheses are the percentage of changes compared to the current conditions Source: Research findings
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Table 4- Impacts of climate change scenarios on gross margin of total and basic food crops in Hamedan-Bahar plain

(JUy 3, 4bw) (gl p 2330 (slxd byl Bl gs,lww  A2g4,kw  RCP26 g iw  RCP85 g liw
Gross margin (Billion Rials)  Current conditions  Scenario B1  Scenario A2  Scenario RCP2.6  Scenario RCP8.5
Total ggeme 6912 6748(-2.4%)  6483(-6.2%) 6787(-1.8%) 6422(-7.1%)
i S Egoze 6261 6101(-2.6%) 5842(-6.7%) 6139(-1.9%) 5782(-7.6%)
=8 Total
) & i
33 _@‘ 5194 5015(-3.4%) 4726(-9.0%) 5057(-2.6%) 4660(-10.3%)
v 8 Irrigated
33 w2 1067 1086(1.8%) 1115(4.6%)  1082(1.4%) 1122(5.2%)
y m Rainfed
gazme pl 651 647(-0.7%)  641(-15%)  648(-0.5%) 640(-1.7%)
Other products
ol (J=d byl 4y Cannd Ol s doyd sly S5 slacl i glaal, s le

Numbers in parentheses are the percentage of changes compared to the current conditions Source: Research findings
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Table 5- Impacts of climate change scenarios on physical productivity of water in Hamedan-Bahar plain (Kg/m®)

Jyase o=xd byl i Bl 41,lw A2 g4l RCP2.6 ¢ ,bw RCP8.5 g ,lw
Crop Current conditions Scenario B1  Scenario A2 Scenario RCP2.6  Scenario RCP8.5
g
1.65 1.63(-1.2 1.61(-2.4 1.64(-0.6 1.61(-2.4
Altarta (12) (-24) (-05) (24)
# 1.14 1.12(-1.8) 1.09(-4.4) 1.12(-1.8) 1.09(-4.4)
Barely
s 0.32 031(31)  0.3(-6.3) 0.31(-3.1) 0.3(-6.3)
Bean
e 3.74 3.82(2.1) 3.89(4.0) 3.81(1.9) 3.91(4.6)
Cucumber
= 2.21 2.17(-1.8) 2.13(-3.6) 2.18(-1.4) 2.12(-4.1)
Garlic
Sole 2 12.52 12.63(0.9) 12.62(0.8) 12.63(0.9) 12.62(0.8)
Forage maize
;”"J 0.61 0.59(-3.3) 0.58(-4.9) 0.6(-1.6) 0.58(-4.9)
ea
) e 5.00 5.04(-10)  4.92(-3.3) 5.05(-0.8) 4.9(-3.7)
Potato
5 1.01 0.99(-2.0) 0.99(-2.0) 0.99(-2.0) 0.99(-2.0)
Rapeseed
e 5.56 5.63(1.3) 5.71(2.7) 5.61(0.9) 5.72(2.9)
Sugar beet
i 4.07 41929)  426(47) 4.17(2.5) 4.28(5.2)
Tomato
Wy 6.35 6.46(1.7) 6.48 (2.1) 6.45(1.6) 6.49(2.2)
Watermelon
P 1.05 1.03(-1.9) 1.03(-1.9) 1.04(-1.0) 1.02(-2.9)
Wheat
- = -
25 =Sz Yyae J0 2.64 2.71(2.4) 2.82(6.5) 2.69(1.8) 2.85(7.9)
4 . 25§ Total crops
-a), >3 =S e e
SIS 8€ bl (2l Y pas 2.6 2.67(2.5) 2.78(7.0) 2.65(1.9) 2.82(8.5)
\'%3 =3 Basic food crops

ol (J=d byl 4y Cannd Ol s doyd sly S5 olasl

Numbers in parentheses are the percentage of changes compared to the current conditions

55 slaasdly sl
Source: Research findings
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Table 6- Impacts of climate change scenarios on economic productivity of water in Hamedan-Bahar plain (Rials/m?®)

Jgazxo slxd Ly Blg,bw A2 gl RCP26 g5,lw  RCP85 g5l
Crop Current conditions Scenario B1  Scenario A2  Scenario RCP2.6  Scenario RCP8.5
N 1350.7 1339.1(-0.9) 1321.1(-2.2) 1341.8(-0.7) 1318.9(-2.4)
Alfalfa
” 1200.3 1169.9(-2.5)  1139.3(-5.1) 1175.1(-2.1) 1134.7(-5.5)
Barely
BL:;JH 1065.9 1034.7(-2.9) 1016.1(-4.7) 1039.4(-2.5) 1012.6(-5)
o 4400.5 4536.5(2.4)  4590.6(4.3) 4487.9(2.0) 4650(4.6)
Cucumber
G;:,C 3599.8 3539.5(-1.7)  3464.8(-3.8) 3551.4(-1.3) 3454.7(-4)
i
ke = 20624 2081.7(0.9)  2079.5(0.8) 2080.9(0.9) 2080.9(0.9)
Forage maize
;’:; 1432.6 1380.7(-3.6)  1350(-5.8) 1387.1(-3.2) 134.4(-6.2)
) e 3712.1 3672.1(-1.1) 3581.9(-3.5)  3684.7(-0.7) 3572.1(-3.8)
Potato
kel 1852.1 1827.7(-1.3)  1820.5(-1.7) 1829.9(-1.2) 1818.1(-1.8)
Rapeseed
. 1539.0 1558.7(1.3)  1583.6(2.9) 1554.8(1.0) 1587 (3.1)
Sugar beet
i 2199.0 2263.3(2.9)  2303.9(4.8) 2255.1(2.6) 2311.9(5.1)
Tomato
Wy 2391.8 2433.4(1.7)  2440.9(2.1) 2430.2(1.6) 2444.7(2.2)
Watermelon
P 1162.2 1143.9(-1.6) 1133.2(-2.5) 1146.2(-1.4) 1131 (-2.7)
Wheat
— ) B
;7 23 % SN gazme S 2138.4 2220.8(3.96) 2369.4(11.1) 2200.6(2.98) 2406.7(12.6)
¥ %, 55§ Totalcrops
EN S >SS .
9 L,8J 8 @“““'_ e N gaze 2046 2127(3.86)  2273(10.8) 2107(2.9) 2310(12.9)
S Basic food crops

Gl J=d byl 4 Cand Ol doyd 0l 31 olael

Numbers in parentheses are the percentage of changes compared to the current conditions

Geios cloadl s le
Source: Research findings
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Introduction: The potential impacts of climate change on water resources and food security are receiving
growing attention especially in regions that face growing challenges like water demands for agricultural,
domestic and environmental uses. The anticipated climate change are likely to impact water resources (surface
water and groundwater) by altering precipitation patterns and change in nature of rainfall regimes. Apart from
the effects on water availability, climate change is expected to adversely affect crop productivity, food security
and food producers' income. Climate changes could affect the four dimensions of food security; food
availability, access, utilization, and stability. Therefore, this study aims at investigating the economic effects of
climate change on the agricultural sector (including the yield of crops, water resources, food security and
profitability) in Hamadan-Bahar plain. The hypothesis tested in this research is that climate change has negative
impacts on the agricultural sector in the study area and it is necessary to present solutions to reduce these effects.
Accordingly, the question answered in this study is whether climate changes in the region reduces crop yields,
the profitability of the agricultural sector, and aggravate the scarcity of water resources. For this purpose in this
study, the effects of climate change in different scenarios on regional cultivation pattern, basic food cultivation
pattern, gross profit of farmers, physical and economic productivity of water and food security in Hamedan-
Bahar plain have been investigated and then various suggestions to these problems have been presented.

Materials and Methods: For this purpose, the physiological, hydrological and meteorological aspects of the
problem were integrated into an economic model and the changes in cultivation pattern of the plain were
projected in counterfactual climatic scenarios. Accordingly, the outputs of the HadCM3 model under the
scenarios of B1 (optimistic) and A2 (pessimistic) were utilized for the fourth report; additionally, the outputs of
the ensemble model under RCP 2.6 (optimistic) and RCP 8.5 (pessimistic) scenarios were used for the fifth
report of IPCC. Then, the variables of rainfall and temperature for the horizon of 2070 were predicted under
scenarios B1, A2, RCP2.6 and RCP8.5 using the Lars-WG model. In this regard, the yield response functions of
the products with respect to climatic parameters by the Generalized Maximum Entropy method (GME) were
estimated and the elasticity of the yield of the products with regard to temperature and rainfall were calculated.
Then products yield changes on the 2070 horizon under different climate change scenarios were predicted and by
including it in a positive mathematical programming (PMP), the impact of different climate change scenarios on
regional cultivation pattern, basic food cultivation pattern, gross profit of farmers, physical and economic
productivity of water and food security were examined. To estimate the yield response regression model and
predict climate changes by LARS WG model, the data on the period 1982-1982 were used. Also the data and
information of farmers were obtained using a two-stage cluster sampling method in 2018 (baseline).

Results and Discussion: The results indicate an increase in temperature, a decrease in precipitation, a
decrease in the supply of water resources, and consequently a decrease in the yield of most basic food products
and an increase in the yield of some vegetable and summer crops were anticipated in all scenarios. The results
also showed that the occurrence of the mentioned consequences has negative effects on the total production of
crops, the amount of production of basic food products and the gross profit of farmers in the region. And in this
regard, in the most pessimistic scenario on the horizon of 2070, it will impose a loss of 490 billion rials on
farmers. The increase in the physical and economic efficiency of water in different scenarios shows that water is
becoming more valuable due to the decrease in the quantity of water due to climate change. Therefore the
economic value of water would increase in the future decades in Hamadan-Bahar plain, which itself represents
the severity of water scarcity in the agricultural sector.

Conclusion: The occurrence of climate change by affecting water resources, crop yields, cultivated area,
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food production and ultimately farmers' incomes, in addition to imposing economic and environmental losses,
would affect various aspects of food security such as food availability, access, stability and utilization.
Accordingly, in order to maintain and improve the yield of crops and reduce the possible losses imposed on
income and food security of the region, it is vital to adopt appropriate strategies compatible with climate change,
including the use of new irrigation technologies, deficit irrigation methods and to reform the cultivation pattern
by selecting products with higher economic value in order that increase water productivity. Finally improving
management of water resources and farmers' income at the plant, farm and region levels, is crucial.

Keywords: Climate change, Cultivation pattern, Food security, Hamedan-Bahar plain, Positive mathematical
planning, Water productivity



