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Abstract

This study set the water input-output model by linking the amount of water use to inter-industry relations
table (IRT), and estimated shadow prices of water resources in agricultural, industrial and service sector
using linear programming method. The 2014 water data and IRT data were collected and linked for integration
of water usage and input-output table, and 30 major categories of IRT were redefined into 12 sub-sectors.
Using the data, the shadow prices and their changes in each sector were estimated according to drought
scenarios. The main results derived from the water input-output linear programming are as follows. Shadow
prices of agriculture water, industrial water and service industry water were 864 won/n?, 27,545 won/m’
and 275,449 won/m’ respectively. The shadow price changes by water shortage (10% to 90% constraint)
ranged from 1,518 to 2,369 won/m’ for agricultural use, 61,721 to 997,092 won/m’ for industrial use, and
294,923 to 381,192 won/m’ for service industry. In particular, it was confirmed that the damage level in
the industrial sector increased sharply at the 50% restriction level.

Key words: climate change, drought, shadow price, water shortage scenario
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Table 1. Industry classification and water consumption

Categories Estimated Water Usage
Agricultural Sector 15200,00
Food products 105,55
Food & Beverage

Beverages 100,92
Textiles 132,92
Textiles & Leather Wearing apparel 5.51
Leather 0,02
Wood 1,69
Wood & Paper Pulp, Paper 155,66
Printing 1,03
Coke, briquettes 97.03
Chemicals 316,25

Petroleum Chemistry
Pharmaceuticals 7.47
Industrial Sector Rubber and plastic 17,87
Non—metals Non—-metallic products 217,81
Basic Metals Basic metals 667,04
Fabricated metal 44 91

Machinery
Other machinery 88.21
Electronic components 328,52
Electronics Medical 32,35
Electrical equipment 5.66
Motor vehicle 59.45
Transportation

Other transport 29,65
Furniture 18,40

Other Manufacturing
Other Manufacturing 11,45
Service Sector 2758.80
Total 20404.16

* Notes:

1) Unit: million m’

%Source: Calculated based on data from the 4th Water Vision(MOLIT, 2016), Statistics of Waterworks(ME, 2014), Industrial
Wastewater Treatment(ME, 2016), and Kim, et, al (2017)
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Table 2. Integration of water use sector and inter-industry relations table
Input—Output table 30x30 Classification in this study
Code Major aggregated classification Num, Type Water
001 Agriculture, forestry and fishery
002 Mining 1 Agriculture 15,200
003 Beverages and foods 2 Food & Beverage 206
004 Textile and leather products 3 Textiles & Leather 138
005 Wood, Paper and printing 4 Wood & Paper 158
006 Petroleum and coal products
007 Chemical products ) Petroleum Chemistry 439
008 Non-metallic mineral products 6 Non-metals 218
009 Basic metals 7 Basic Metals 667
010 Metal products
011 Machinery and equipment s Machinery 133
012 Electrical components
013 Precision instrument ? Flectronics 207
014 Transportation equipment 10 Transportation 89
015 Miscellaneous manufacturing products 1 Other Manufacturing 30
016 Electricity, gas and heat supply
017 Water supply and waste disposal
018 Construction
019 Wholesale and retail trade
020 Transport and postal services
021 Restaurants and hotels
022 Information and communication
023 Finance and insurance 12 Services 2,759
024 Real estate and business services
025 Professional science and technology services
026 Business services
027 Public administration
028 Education and research
029 Medical, health care and welfare
030 Miscellaneous social, and personal services
* Notes:

1) Unit: million m’

% Source: (2014) Input—output tables of Korea, 2016
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Table 3. Input coefficient matrix

1 2 3 4 5 6 7 8 9 10 11
1 0.0490 0.2809 0.0003 0.0107 0.0019 0.0566 0.0016 0.0003 0.0001 0.0000 0.0014
2 0.1528 0.1202 0.0013 0.0017 0.0026 0.0007 0.0003 0.0005 0.0003 0.0003 0.0022
3 0.0063 0.0013 0.1927 0.0099 0.0046 0.0033 0.0012 0.0023 0.0019 0.0045 0.0426
4 0.0075 0.0188 0.0062 0.2161 0.0050 0.0106 0.0018 0.0049 0.0038 0.0026 0.0239
5 0.0965 0.0358 0.0784 0.0713 0.2405 0.0851 0.0426 0.0521 0.0455 0.0621 0.0756
6 0.0002 0.0055 0.0002 0.0030 0.0021 0.1134 0.0065 0.0019 0.0144 0.0033 0.0045
7 0.0006 0.0001 0.0004 0.0013 0.0057 0.0257 0.4367 0.1438 0.0297 0.0506 0.0425
8 0.0051 0.0175 0.0080 0.0069 0.0222 0.0294 0.0124 0.1977 0.0285 0.0834 0.0427
9 0.0022 0.0009 0.0010 0.0023 0.0034 0.0059 0.0031 0.0419 0.2267 0.0339 0.0190
10 0.0061 0.0007 0.0005 0.0023 0.0012 0.0095 0.0005 0.0057 0.0004 0.2546 0.0021
11 0,0011 0.0174 0.0726 0.0244 0.0089 0.0183 0.0100 0.0287 0.0141 0.0449 0.1105
12 0.0781 0.1886 0.1575 0.2069 0.1315 0.2317 0.1048 0.1402 0.0981 0.1039 0.1547
a 0.5862 0.3032 0.4808 0.4472 0.5706 0.4089 0.3820 0.3852 0.5372 0.3564 0.4751
b 0.2474 0.0019 0.0019 0.0040 0.0011 0.0057 0.0032 0.0006 0.0009 0.0004 0.0005
* Notes:

1) 1: Agriculture, 2: Food & Beverage, 3:Textiles & Leather, 4. Wood &
7: Basic Metals, 8: Machinery, 9: Electronics, 10: Transportation, 11:
2) a: Value added inducement coefficients

3)b: Water input coefficients

Paper, 5. Petroleum Chemistry, 6. Non—metals,
Other Manufacturing, 12: Services
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Table 4. Linear programming optimizing model

163

12
Maz. Z=Y)VX;

Jj=1

subject to L2 Z: Objective function
]Zjlaw‘XJ* b, _XJ Decision variables(Outputs of each sector)
Vj: Value added inducement coefficients

Zlai,;‘-ij 0 a;; - Input coefficient

i);—_ >0 b; : Amount of limited outputs

arid w; Water input coefficients of each sector

w X, < ky k'j: Amount of limited water resources

11 11

Zw]‘Xj < ij

j=2 Jj=2

wypXyy < Ky

,7=1,2,...,12
2 A, AFEFY] ATt s Aol A4t 7t 2. HM7HA = 2t
S AEUT 2AG 4T, SR A BEel B B EU-AE A4 o 521 2 A4
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Table 5. Estimating the shadow prices

Water Usage Water supply Shadow Prices GDP
Agriculture Industry Service
100% 20,404 846 27,545 275,449 1,920,704
90% 18,364 1,518 61,721 294,923 1,829,225
80% 16,323 1,594 85,475 299,486 1,723,958
70% 14,283 1,594 85,475 299,486 1,618,010
60% 12,242 1,638 99,930 302,364 1,508,995
50% 10,202 2,352 523,755 373,367 1,314,479
40% 8,162 2,352 523,755 373,367 1,079,823
30% 6,121 2,352 526,258 373,566 844,864
20% 4,081 2,353 541,427 374,502 605,672
10% 2,040 2,369 997,092 381,192 354,598

* Notes:

1) Unit of water usage: %

2) Unit of water supply: million tons
3) Unit of water shadow prices: won
4) Unit of GDP: 1 billion won
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Table 6. Changes in GDP due to water supply constraints

1 2 3 4 5 6 7 8 9 10 1 12
100% | 36,008 | 32,888 | 35,979 | 17,839 | 237,544 | 15,5650 | 80,696 | 83,613 | 209,365 | 89,273 | 30,024 | 1,051,925
90% 32,407 | 36,658 | 38,221 3,661 | 263,004 0| 80,292 | 88,6503 | 216,173 | 91,484 | 32,050 946,732
80% 28,806 | 37,998 | 39,970 0| 287,202 44,367 | 94,121 | 223,087 | 93,183 | 33,685 841,540
70% 25,205 | 39,265 | 41,643 311,160 4,774 | 99,822 | 230,015 | 94,861 | 34,917 736,347
60% 21,605 | 16,680 0 339,185 0| 101,899 | 234,571 | 96,486 | 67,414 631,155
50% 18,004 0 241,518 115,319 | 239,906 | 98,301 | 75,469 525,962
40% 14,403 85,260 131,466 | 245,341 | 100,178 | 82,405 | 420,770
30% 10,802 0 7,367 | 282,032 | 104,493 | 124,593 315,577
20% 7,202 0] 135,971 | 106,465 | 145,651 210,385
10% 3,601 0| 52,036 | 193,769 105,192

* Notes:

1) 1: Agriculture, 2: Food & Beverage, 3: Textiles & Leather, 4. Wood & Paper, 5: Petroleum Chemistry, 6: Non—metals,
7. Basic Metals, 8: Machinery, 9. Electronics, 10: Transportation, 11: Other Manufacturing, 12: Services

2) Unit of GDP: 1 billion won
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