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(Table 1) Crops in the Model

Level 1 Level 2 Crop
Rice Rice
Barley Common Barley, Naked Barley, Beer Barley
Food Crops Potatoes White Potatoes, Sweet Potatoes
Miscellaneous Corn
Pulse Soybeans
Water Melons (field/greenhouse) ,
Melons (field/greenhouse) ,
Fruit-bearing Strawberries (field/greenhouse) ,
Vegetables Cucumber (field/greenhouse) ,
Pumpkins (field/greenhouse) ,
Tomatoes (field/greenhouse)
Vegetable Spinach (field/greenhouse) ,
S Leafy and Stem Lettuce (field/greenhouse) ,
Vegetables Chinese Cabbage (Spring field/fall field/greenhouse),
Cabbage
. White Radish (Spring field/Fall field/greenhouse),
Root Vegetables
Carrots
Spice & Culinary Red Peppers (field/greenhouse) ,
Vegetables Green Onions, Onions, Ginger, Garlic
Fruit Apples, Asian Pears, Peaches, Grapes, Tangerines, Persimmons, Plums
Oilseed Crop Sesame, Peanuts
Total 47 crops

Oi '4'3}131]3 Qyj» le’ Azjs bZJ’ kfg
T1‘r 18 F823= (Appendix] ol g2l=] 2
7dFll=

b =06l o] ASAE S S0t
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o wh2 o] e AT ALk WskE AR (2011) 9 ATE 3 AR EA e
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(Table 2) The Impacts of Climate Change on Per Acre Crop Productivities (%)

Percentage Difference between the 1971~2000 Average and the

Province | 2011~2049 Average ] \

Rice" Common Barleyz" Naked Barley‘” Beer Bar]ey‘l”
Gyeonggi -11. 47 8 3 6
Gangwon -6. 99 45 36 41
Chungbuk -7.82 45 36 41
Chungnam -10. 49 8 3 6
Jeonbuk -7.63 8 3 6
Jeonnam -7.95 7 3 B}
Gyeongbuk -7.51 8 3 6
Gyeongnam =7.79 7 3 5
Jeju* -8.41 7 3 5

Source: Rice”, Ministry of Environment (2011) ; Common Barleyz) and Naked Barleya‘], Shim et
al. (2011a, 2011h); Beer Barley”, the mean of Common Barley and Naked Barley.

*) National averages are applied to Jeju.
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9] A& ASde dle] AFAAE wdslisdl, Calzadilla et al. (2010)
< AE AlEE A AFE HElste] =S 2 TS, 4THs) ol tiet g= 3
AEo] C3A, CAAl 2= A W3S HolFa ok ((Table 3)). 7]13H3} A
2] 2 A1Be] &=Ristel 7P fAket 2T S wle] A A 838y, AT
o] PAEE F S55E CaAld Fata, 2 9 g2 FEL C3Ald &eleg 7t

u &
7o) HeuIEE A8SAR AAREE A Bl Fse] 9 4o

(Table 3) Productivity Changes in C3 and C4 Crops in Korea and Japan (%)

Temperature Change

2C Increase 4°C Increase
C3* C4** C3 C4
-10. 33 -4.5 -18 -17.83

Source: Calzadilla et al. (2010).
*) C3 crop includes rice, wheat, vegetables, fruit, nuts, oil seed and other agricultural

products.
**) C4 crop includes cereal grains, sugar cane and sugar beet.
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(Table 4) Per Acre Productivity Change due to Climate Change (%)

Crops Change
Rice, Common Barley, Naked Barley, Beer Barley {Table 2)
Soybeans, Peanuts 9.07

White Potatoes, Sweet Potatoes, Water Melons (field), Melons (field),
Strawberries (field), Cucumbers (field),
Pumpkins (field), Tomatoes (field), Spinach (field),
Lettuce (field), Chinese Cabbage (Spring field/fall field), 1033
Cabbage, White Radish (Spring field/fall field), Red Peppers (field/greenhouse), e
Carrots, Green Onions, Onions, Ginger, Garlic,
Apples, Asian Pears, Peaches, Grapes, Tangerines, Persimmons, Plums,
Sesame
Corn -4.5

Water Melons (greenhouse), Melons (greenhouse) ,
Strawberries (greenhouse), Cucumbers (greenhouse),
Pumpkins (greenhouse), Tomatoes (greenhouse) , 0
Spinach (greenhouse), Lettuce (greenhouse),
Chinese Cabbage (greenhouse), White Radish (greenhouse),
Red Peppers (greenhouse)

total 47 crops

32!
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W2 BAUC JJoIXE a=0.05, = ¥=1.65
A o] 53 Aodo] LAYE 50| 5% <2 SRR nlmo] 'ﬂ = ek <ol
A 48l (Table 4)°] F53 AL Wste} 37 E%‘VM %k 1. 08ul & F7lsl=
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(Table 5) Indices of Domestic Production and Price (%)

Domestic Production (QI) Domestic Price (PI)
Total 96. 68 106. 95

Gyeonggi 96. 06
Gangwon 100. 99
Chungbuk 98. 42
Chungnam 93. 85
Jeonbuk 94. 85
Jeonnam 96. 87
Gyeongbuk 96. 16
Gyeongnam 98. 31
Jeju 98. 35
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(Table 6) Indices of Domestic Production and Price by Product Group

Food Crops Vegetable
. |Leafy and Spice & . | Oilseed
it ! Fruit
Rice |Barley [Potatoes| Miscellaneous | Pulse F1}nt bearing Stem ,ROOt Culinary ru1 Crop
Vegetables |, Vegetables| .,
Vegetables Vegetables
D‘;ﬁizm Total |L13[119| 106 | 136 |L06| 102 | Lo4 | Lot | L04 |1.02 118

Total | 0.97 {0.78 | 0.9 0.54 1091 0.98 0.95 | 0.89 0.96 0.9 0.79
Gyeonggi | 0.94 | 0.41 | 0.99 0.01 0.90] 0.99% 103 | 0.89 0.88 | L01| 0.8
Gangwon | 105 | L.73 | 102 0.79 109 0.9 0.9 | 0.86 0.9 | L00| L13
Chungbuk | 1.003 | 117 | 0.99 0.68 1092 0.99 0.9 | 0.8 0.88 0.9 0.9
Domestic | Chungnam | 0.93 | 0.61 | 0.93 0.01 0.88] 0.9 0.94 | 0.8 0.84 0.9 0.7
Production|  Jeonbuk | 0.96 | 0.74 | 0.92 0.01 0.86] 0.9 0.94 | 0.9 0.87 0.9 | 0.70

Jeonnam | 0.99 | 0.81 | 0.99 0.01 0.92] 0.9 0.94 | 0.91 0.9 0.9 | 0.7
Gyeongbuk | 0.97 | 0.56 | 0.9 0.01 0.89 0.97 0.82 0.82 0,92 1091 0.79
Gyeongnam | 0.97 | 0.78 | 0.87 0.01 0.88] 0.99 0.9 | 0.9 LO5 0.9 | 0.63

Jeiu | 0.92 1 0.87 | 0.94 0.01 0.91] 0.9 L.01 0.9 | 10004 | 0.99 | 0.81
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(Table 7) Impacts on each Crop's Production, Import, and Price (%)

Variables Variables
Domestic mport Domestic| Domestic nport Domestic
Production Price Production Price
Rice -3.27 | 44.05 | 13.12 Lettuce (field) -6. 04 0.91
Common Barley -15.90 | 14.59 | 23.45 | Lettuce (greenhouse) -0.29 | 3.23 1.85
Naked Barley -24.71 14.09 Cabbage -3.04 | 25.58 | 16.05
Beer Barley 173 | 20,07 | 2876 | e Radish -20.29 2.03
(spring field)
White Potatoes S3.73 | 574 4.99 | White Radish (fall field) -1.221] 12.20 7.06
Sweet Potatoes -4,09 | 5.23 7.17 Radish (\;;hel:;house) -28.47 3.13
Corn -46.23 | 0.40 | 35.87 Carrots -2.59 1 3.60 3.26
Soybeans -9.41| 5.15| 5.82| Red Peppers/field) -17.55 3.86
Water Melons (field) -8.99 1.53 [Red Peppers(greenhouse) | -0.28 | 1.07 0.71
Water Melons 0.69 | 7.00| 4.06|  Green Onions 2.8 | 5.97] 5.19
(greenhouse)
Melons (field) -6.97 0.69 Onions -2.00| 6.71 4.58
Melons (greenhouse) -2.72 0.27 Ginger -0.84| 7.78 4.54
Strawberries (field) -6.02 0.60 Garlic -0.77 | 7.23 5.97
Strawberries (greenhouse)|  -0.12 | 1.89 | 1.06 Apples -1.32] 5.78 3.74
Cucumber (field) -7.42 0. 74 Asian Pears -3.04 1 0.00 1.77
Cucumber (greenhouse) -0.17 | 2.05| 1.17 Peaches -0.91| 8.21 4,80
Pumpkins (field) -10.93 1.92 Grapes -0.82 L1 1.02
Pumpkins (greenhouse) -0.50 | 2.72| 176 Tangerines -1.22 nfa| 0.30
Tomatoes (field) n/a 57.42 Persimmons -5.87 | 9,888 2.58
Tomatoes (greenhouse) -0.82 | L44 | 1.19 Plums -6.11 n/a 1.04
Chinese Cabbage | 1) 79 1.64 Sesame 22,02 26.01| 19.21
(spring field)
Chinese Cabbage 156 | 6.02] 3.99 Peanuts 17.56 | 10.07 | 1105
(fall field)
Chinese o .
Cabbage (greenhouse) 30.27 2.06
Spinach (field) -13.80 2.07
Spinach (greenhouse) -0.63 | 7.00 | 4.02

*) n/a means that the figure is almost zero under the new equilibrium. Cells are empty when
the BAU imports are zero.
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»

Nonparametric and Semiparametric Analysis,

49, No. 4, 2008, pp.45-64.
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, 2012, pp. 947-980.

3

T, A217 A4
(Translated in English) Kwon,

Agricultural

Climate Change,

«

Lee,

and H.

0.

A Recursive Dynamic CGE
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(Appendix) Parameters of the Quasi-linear Demand System under the Incomplete

Substitution between Domestic Products and Imports

a; ay b, by k
Rice 11,786,296 | 6,517, 302 1.5715 1. 4432 0. 8270
Common Barley 2,393, 561 789, 680 49. 5119 17. 6621 8. 5241
Naked Barley 1,707,138 | 3,714, 286 5. 5388 0 0
Beer Barley 2,448, 649 662, 068 22,7215 17. 0627 3.3812
White Potatoes 1,988,667 | 2,953,484 1. 9903 12. 3420 1.9774
Sweet Potatoes 3,156,526 | 1,713,256 6.1112 | 899. 9044 1.8619
Corn 942, 000 616, 953 3. 5470 0. 0530 0.0451
Soybeans 10,591,563 | 1,686, 466 28.5197 0. 6666 2. 9430
Water Melons (field) 817,830 | 2,575, 686 1. 1594 0 0
Water Melons (greenhouse) 6,070, 234 |17, 726, 256 7.0917 | 8611.0420 18. 8550
Melons (field) 2,285,800 | 2,285,800 75. 2353 0 0
Melons (greenhouse) 2,285,800 | 2,285, 800 0. 9877 0 0
Strawberries (field) 2,979,900 | 1,617,627 94. 8197 0 0
Strawberries (greenhouse) 48,542,988 (17,793,851 | 220.2463 | 220.9902 76. 4513
Cucumber (field) 902, 000 455, 853 2.0273 0 0
Cucumber (greenhouse) 13, 266, 000 | 5,014, 388 41,5729 18. 8463 14. 8681
Pumpkins (field) 1, 489, 200 629, 898 1. 5830 0 0
Pumpkins (greenhouse) 7,446,000 | 3,779, 388 36. 8561 29. 6875 16. 6519
Tomatoes (field) 2,396,860 | 1,165,763 | 152.1196 0 0
Tomatoes (greenhouse) 4,132,517 | 3,175, 700 7.5141 19. 0468 3.9049
Chinese Cabbage (spring field) 272, 089 209, 796 0.0391 0 0
Chinese Cabbage (fall field) 819, 744 747,733 0.3975 | 994. 9566 0. 2882
Chinese Cabbage (greenhouse) 237,120 209, 796 0. 2448 0 0
Spinach (field) 2, 160, 850 578,992 7.0598 0 0
Spinach (greenhouse) 11,216,344 | 4,438,953 | 179.0514 | 577. 3569 6. 2464
Lettuce (field) 2,068, 850 835, 868 16. 2316 0 0
Lettuce (greenhouse) 13,792,345 | 6,408,350 | 105.6959 | 556. 8022 45. 2205
Cabbage 1, 740, 336 |15, 373, 856 4.6696 | 1731. 5406 37.9312
White Radish (spring field) 289, 300 437, 166 0. 0555 0 0
White Radish (fall field) 1,916,667 | 3,351, 604 2. 7892 58. 4205 4. 4876
White Radish (greenhouse) 314, 130 437, 166 0. 2330 0 0
Carrots 3,920,636 | 2,559, 345 23.6125 11. 6016 12. 8546
Red Peppers (field) 4,293, 180 551, 726 6. 7670 0 0
Red Peppers (greenhouse) | 19,514, 453 | 3, 059, 573 69. 2792 3. 3789 9. 4785
Green Onions 2,493, 292 |21, 249, 065 4.2997 | 2199. 6943 28.5188
Onions 1,361,871 | 1,257,756 0. 7021 7.8998 0. 5066
Ginger 47,981, 765 | 5,604, 446 | 2598. 3496 54.7194 | 291.5922
Garlic 24,213,380 | 8,622,136 62. 2769 16. 8249 21. 3336
Apples 8,836, 118 | 5, 760, 705 13.3122 | 125.8983 7.1151
Asian Pears 2,474, 280 | 1,405, 948 2. 3365 0 0
Peaches 15,182, 468 | 8,408, 804 66.1669 | 184.9194 33. 3347
Grapes 12,264,000 | 4,647, 746 21. 0826 23. 7894 4.7311
Tangerines 4, 906, 250 |28, 200, 000 1. 3034 0 0
Persimmons 2,400,480 | 2,111,137 1. 8235 0 0
Plums 2,872,350 |33, 500, 000 6. 7108 0 0
Sesame 59, 384,623 | 6,051,339 | 2405. 0302 28.3773 | 195.8782
Peanuts 11,902,348 | 4,882,594 | 447.6381 69.7834 | 133.7165

Source: Own calculation.
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Abstract

The purpose of this interdisciplinary study is to evaluate the regional impacts
of agricultural productivity change and the growing instability of agricultural
production using a Korean agricultural sector model. We apply the positive
mathematical programming (PMP) approach of Howitt (1995), which has a
built-in process of keeping the consistency between its model solutions and the
observed data. Moreover, our study makes output prices endogenous by
incorporating market equilibrium conditions into the programming model, and
allows imperfect substitution between imported and domestic foods following
the specification of Dixit(1989). This study finds that substantial regional and
commodity substitution will occur in response to climate change, and hence,
emphasizes the importance of regional and commodity specific adaption
measures.
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