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ABSTRACT : Agriculture is one of the most vulnerable sector to droughts, and drought damage on the agriculture sector could have
effects on other sector. Droughts have different characteristics compared to other extreme events, which means more sophisticated
methods considering the characteristics of droughts are required when measuring their damage. The purpose of this study is to
analyze the damage of droughts based on limited computational general equilibrium model. To be specific, we constructed a CGE
model focusing on the agriculture sector in Korea. Also, to limit changes in land use and labor, we limited them, and assume
droughts only have effects on productivity of value-added. Lastly, we simulate drought effects on rice production in Korea based on
several climate scenarios and GCM to identify the economic effects of droughts. The results show that 1) the cumulated damage of
droughts during 2021~2040 is higher than other periods (2040~2061, 2081~2100), 2) the correlation between the damage of
droughts and SSP scenarios is insignificant. This result implies the necessity of the effective drought risk management to prevent
future droughts effects, irrespective of mitigation policies. 3) Due to increases in rice price, GDP of rice sector is increased.
However, GDP of the other sector and consumer welfare are decreased. This result show that indirect effects of droughts would be

more important when measuring drought effects on agriculture sector.
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Table 1. Methods assessing costs of drought
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Cost Category

Method

¢ Damage functions

* Direct assessment of costs on companies and sector

Direct cost *  Market valuation(WTP, prices, avoided cost, etc.)

* Integrated assessment analysis:
Biophysical-agroeconomic models, hydrological-economic model

¢ Computable General Equilibrium model
¢ Supply input-output model

Indirect and economy-wide * Adaptive regional input-output model

*  Macroeconometric

* Inoperability input-output model

* Contingent valuation
* Choice modelling

| ibl
ntangible * Cost-based methods

¢ Life satisfaction analysis
Risk mitigation * Cost of implementation

Source: Freire-Gonzalez et al.(2017; 198)
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Figure 1. Production structure in CGE model
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Figure 2. Commodity flow in the economy
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Table 2. Structure of SAM for two industries
Factor Agent Industry Rest of world
- Revenue
Labor Capital House Gov Invest Ind. 1 | Ind. 2 | Export Tax
. lab
Labor labor income . abor
income
Factor ol
. . . t
Capital capital income .capl &
income
lab ital transf . household
House | 12O capita transfer subsidy ouseho
income | income income income
Agent Gov direct tax production tax tax | gov income
household gov .
Invest depreciation Investment
save save
Ind. 1 consumption expenditure . .
intermediate aggregate
Industry by household and gov Investment . export
Ind. 2 . input demand
respectively
Rest of | Import Investment import import
world Tax tax tax
. labor capital household gov
Expenditure . . . . Investment | aggregate supply | export tax Total
income | income | expenditure | expenditure

Source: Own elaboration
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Table 3. Change in rice yield resulting from drought

GCM SSP rice production(kg/10a)(year)
SSP 126 | 484(°23) 466(°29) 507(°93)
CanESM5 | SSP 245 | 522(°85) | 519(’94)
SSP 585 | 501(°31) | 481(36) | 510(’82)
SSP 126
%FSE/II: SSP 245 | 523(22) | 512(25) | 523(31) | 489(39) | 510054) | 523(°94)
SSP 585 | 510(°50)
SSP 126 | 523(21) | 486(22) | 410(38) | 521(°39) | 386(°56) | 505(°88) | 523(°98)
/?acsidElsi SSP 245 | 523(°23) | 523(25) | 523(°26) | 5200°32) | 522(34) | S11(°54) | 516(88) | 520(°94) | 521(°96)
SSP 585 | 514(°25) | 271(28) | 485('52) | 502(°57) | 523('60) | 101(°83) | 518(°93)

Source: Chae et al.(2022)

Note: () means the specific year from 2021 to 2100 when the rice yield is lower than the average rice yield during 2001~2020
(523.3581kg/10a), and the value means the rice yield in that year.
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Table 4. Result of GDP change by industry(unit: million won)
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CanESMS5 GFDL-ESM4 ACCESS-ESM1-5
period industry
SSP 126 | SSP 245 | SSP 585 SSP 245 | SSP 585 | SSP 126 SSP 245 SSP 585
rice 1,081,270 698,643 506,083 1,796,330 61,577 2,993,630
rice processed -34,972 -21,967 -15,731 -65,007 -1,835 -243,625
AGR except rice -84,348 -53,972 -38,944 -145,960 -4,672 -367,810
2021~ | Industry related AGR 27,717 -17,653 -12,713 -48,746 -1,514 -133,150
2040 Food and Beverage -84,423 -54,108 -39,068 -145,144 -4,698 -347,061
Energy -56,353 -36,158 -26,119 -96,378 -3,146 -217,270
etc -3,373,774 -2,167,916 | -1,566,943 -5,737,191 | -189,144 |-12,363,713
total -2,580,317 -1,653,131 | -1,193,434 -4,442,098 | -143,432 |-10,678,999
rice 146,079 137918 | 1,688,781 134,218 656,327
rice processed -4,427 -4,175 -69,213 -4,061 -20,518
AGR except rice -11,146 -10,519 -144,129 -10,235 -50,603
2041~ | Industry related AGR -3,622 -3,418 -48,953 -3,325 -16,535
2060 Food and Beverage -11,198 -10,569 -142,261 -10,284 -50,748
Energy -7,493 -7,072 -93,849 -6,882 -33,920
etc -450,128 | -424,885 | -5,550,247 | -413,446 | -2,034,349
total -341,934 | -322,720 | -4,359,870 | -314,014 | -1,550,347
rice 174,094 62,102 139,991 1,631 193,536 141,017 52,250
rice processed -5,298 -1,853 -4,239 -48 -5,902 -4,219 -1,563
AGR except rice -13,301 -4,714 -10,678 -124 -14,797 -10,713 -3,969
2081~ | Industry related AGR -4,326 -1,528 -3,470 -40 -4,814 -3,474 -1,287
2100 Food and Beverage -13,360 -4,740 -10,728 -124 -14,861 -10,771 -3,991
Energy -8,939 -3,174 -7,179 -83 -9,942 -7,211 -2,672
etc -536,862 | -190,811 -431,296 -5,007 -597,052 -433,483 -160,603
total -407,992 | -144,717 | -327,599 -3,796 -453,832 -328,854 -121,833
Source: Own calculation
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Table 5. Result of consumer’s welfare change by scenario
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CanESMS5

GFDL-ESM4 ACCESS-ESM1-5

period industry

SSP 126 | SSP 245 | SSP 585

SSP 245 | SSP 585 | SSP 126 | SSP 245 | SSP 585

Household income in 2019(million won)

1,929,632,996

2001 ~2040 Simulation (million won) |-3,275,501 2,096,581 | -1,538,921 -5,657,277 | -181,570 |-13,860,268
Change (%) -0.1697 -0.1087 -0.0798 -0.2932 -0.0094 -0.7183

2041 ~2060 Simulation(million won) -433,116 | -408,760 |-5,571,933 | -397,725 | -1,965,852
Change (%) -0.0224 -0.0212 -0.2888 -0.0206 -0.1019

2081~2100 Simulation(million won) | -516,862 | -183,207 | -414,945 -4,804 -574977 | -416,355 | -154,247
Change (%) -0.0268 -0.0095 -0.0215 -0.0002 -0.0298 -0.0216 -0.0080

Source: Own calculation
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Appendix 1 Elasticity applied to CGE model
Industry I;?i(;:tcuag:sl CET Armirllg.ton lnco.n?e Labor-cap_it.al Frisch
elasticity elasticity elasticity elasticity CES elasticity parameter
Rice 0.9 0.72 1.1 0.02
Rice processed 0.9 0.72 5.54 0.32
Grain 0.9 0.72 5.54 0.02
Bean 0.9 0.72 5.54 0.02
Potato 0.9 0.72 33 0.16
Veggitable 0.9 22 1.9 0.4
Fruit 0.9 22 1.9 0.14
Flower 0.9 22 33 0.4
Others eat 0.9 0.72 33 0.16
Others not eat 0.9 22 33 0.4
Dairy 0.9 0.72 3.7 0.56
Cow 0.9 0.72 1.6 0.51
Pig 0.9 0.72 1.6 0.51
Chicken 0.9 0.72 1.6 0.51
Livestock etc. 0.9 0.72 1.6 0.35
Meat 1.12 22 4.4 0.35
Chicken meat 1.12 22 4.4 0.35
Process meat 1.12 22 4.4 0.35
dairy product 1.12 22 44 0.35
Fertilizer 1.12 22 2.6 0.2
Grain product 1.12 2.2 1.9 0.49 0.8 25
Veggie and fruit product 1.12 22 1.9 0.49
Food etc. 1.12 22 1.9 0.49
Briquette 1.5 0.5 2.8 0.8
Gasoline 1.5 0.5 2.8 1.17
Lamp oil 1.5 0.5 2.8 1.17
Diesel 1.5 0.5 2.8 1.17
Heavy oil 1.26 0.5 2.6 1.17
LPG 1.26 0.5 2.6 1.17
Zet 1.26 0.5 2.6 1.17
Fossil etc. 1.26 0.5 2.6 1.17
Forestry 0.9 0.72 1.9 0.35
Fishing 1.12 22 1.9 0.49
Agri-service 0.9 0.72 1.6 0.3
Mining 1.5 0.5 45 1.17
Manufacture 1.5 0.5 4.5 1.17
Electric 1.26 0.5 2.6 1.17
Gas 1.26 0.5 2.6 1.17
Steam 1.26 0.5 2.6 1.17
Water 1.26 0.5 2.6 1.17
Waste 1.5 2.84 1.9 1.44
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Industry I;?i(;:tcuag:sl CET Armir}g?on lncohn?e Labor-cap_it‘al Frisch
elasticity elasticity elasticity elasticity CES elasticity parameter
Recycle 1.5 2.84 1.9 1.44
Build 1.26 0.5 2.6 1.17
Restaurant 1.5 2.84 1.9 1.18
Service 1.5 2.84 1.9 1.44
Other etc. 1.5 2.84 1.9 1.44
Source: Annabi et al.(2006); Arndt et al.(2002); Kwon and Lee(2012)
Appendix 2 Change in purchase price of commodity after drought(unit: %)
CanESM5 ACCESS-ESM1-5
Industry SSP 126 SSP 585 SSP 126 SSP 585
21~740 | ‘81~’100 | “21~’40 | “81~’100 | 21~’40 | ‘81~’100 | 21~’40 | ‘81~"100
Rice 16.18 2.54 10.34 2.04 28.16 2.83 73.16 0.76
Rice processed 12.53 1.98 8.02 1.59 21.60 2.20 51.27 0.59
Grain -0.08 -0.01 -0.05 -0.01 -0.14 -0.01 -0.32 0.00
Bean -0.02 0.00 -0.01 0.00 -0.04 0.00 -0.10 0.00
Potato 0.08 0.01 0.05 0.01 0.13 0.01 0.32 0.00
Veggitable 0.01 0.00 0.01 0.00 0.02 0.00 0.03 0.00
Fruit -0.05 -0.01 -0.03 -0.01 -0.09 -0.01 -0.25 0.00
Flower -0.04 -0.01 -0.03 -0.01 -0.08 -0.01 -0.20 0.00
Others eat -0.05 -0.01 -0.03 -0.01 -0.09 -0.01 -0.20 0.00
Others not eat 0.19 0.03 0.12 0.02 0.32 0.03 0.84 0.01
Dairy 0.48 0.08 0.31 0.06 0.84 0.08 2.15 0.02
Cow 0.66 0.10 0.42 0.08 1.15 0.12 2.94 0.03
Pig 0.39 0.06 0.25 0.05 0.68 0.07 1.74 0.02
Chicken 0.07 0.01 0.04 0.01 0.12 0.01 0.29 0.00
Livestock etc. 0.09 0.01 0.05 0.01 0.15 0.01 0.39 0.00
Meat 0.24 0.04 0.15 0.03 0.41 0.04 1.06 0.01
Chicken meat -0.03 0.00 -0.02 0.00 -0.05 -0.01 -0.12 0.00
Process meat 0.00 0.00 0.00 0.00 0.01 0.00 0.04 0.00
dairy product 0.09 0.01 0.06 0.01 0.16 0.02 0.42 0.00
Fertilizer -0.10 -0.02 -0.06 -0.01 -0.17 -0.02 -0.39 0.00
Grain product 0.36 0.06 0.23 0.05 0.62 0.06 1.47 0.02
Veggie and fruit product -0.06 -0.01 -0.04 -0.01 -0.11 -0.01 -0.26 0.00
Food etc. 0.13 0.02 0.08 0.02 0.23 0.02 0.56 0.01
Briquette -0.09 -0.01 -0.06 -0.01 -0.16 -0.02 -0.37 0.00
Gasoline -0.09 -0.01 -0.06 -0.01 -0.15 -0.02 -0.36 0.00
Lamp oil -0.08 -0.01 -0.05 -0.01 -0.15 -0.01 -0.35 0.00
Diesel -0.09 -0.01 -0.05 -0.01 -0.15 -0.02 -0.36 0.00
Heavy oil -0.08 -0.01 -0.05 -0.01 -0.14 -0.01 -0.35 0.00
LPG -0.09 -0.01 -0.06 -0.01 -0.15 -0.02 -0.35 0.00
Zet -0.08 -0.01 -0.05 -0.01 -0.14 -0.01 -0.37 0.00
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CanESM5 ACCESS-ESM1-5
Industry SSP 126 SSP 585 SSP 126 SSP 585
21~°40 | ‘81~"100 | 21~’40 | 81~’100 | 21~’40 | ‘81~’100 | 21~’40 | ‘81~"100
Fossil etc. -0.09 -0.01 -0.06 -0.01 -0.15 -0.02 -0.34 0.00
Forestry -0.05 -0.01 -0.03 -0.01 -0.08 -0.01 -0.21 0.00
Fishing -0.09 -0.01 -0.06 -0.01 -0.16 -0.02 -0.36 0.00
Agri-service 0.37 0.06 0.24 0.05 0.65 0.06 1.74 0.02
Mining -0.09 -0.01 -0.06 -0.01 -0.15 -0.02 -0.35 0.00
Manufacture -0.11 -0.02 -0.07 -0.01 -0.18 -0.02 -0.46 -0.01
Electric -0.09 -0.01 -0.06 -0.01 -0.16 -0.02 -0.39 0.00
Gas -0.09 -0.01 -0.06 -0.01 -0.15 -0.02 -0.35 0.00
Steam -0.07 -0.01 -0.05 -0.01 -0.13 -0.01 -0.35 0.00
Water -0.10 -0.02 -0.06 -0.01 -0.17 -0.02 -0.43 0.00
Waste -0.11 -0.02 -0.07 -0.01 -0.19 -0.02 -0.46 -0.01
Recycle -0.11 -0.02 -0.07 -0.01 -0.19 -0.02 -0.48 -0.01
Build -0.14 -0.02 -0.09 -0.02 -0.24 -0.02 -0.55 -0.01
Restaurant 0.28 0.04 0.18 0.04 0.48 0.05 1.17 0.01
Service -0.11 -0.02 -0.07 -0.01 -0.19 -0.02 -0.46 -0.01
Other etc. -0.11 -0.02 -0.07 -0.01 -0.19 -0.02 -0.44 -0.01

Source: Own calculation
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