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Abstract

Virtual water is defined as the volume of water to produce commodities and provide services, which has
been developed by Tony Allan since the early 1990s. This research aims to evaluate a volume of virtual
water trade in Korea from 1998 to 2007 by applying the evaluation method of unit virtual water volume
to agricultural, live stock and industrial products, which is developed by Chapagain and Hoekstra (2004).
Also, the concept of water footprint is deployed to quantify the volume of virtual water trade between
countries. The study attempts to assess the appropriateness of the evaluation method of unit virtual water
volume by employing the method to calculate the total amount of agricultural products in Korea and
comparing this with the amount of agricultural water demand in the Korea Water Vision 2006. The
research outcome shows that Korea has a net virtual water import of 32 billion m® on average in the form
of agricultural, live stock and industrial commodities whose volume gradually increases. The gap between
the volume of virtual water import of agricultural and live stock commodities and the total volume of
agricultural water use reaches approximately 600 million m”. This figure can be negligible considering the
total volume of water demand in Korea, around 16 billion mS, which demonstrates the validity of the
evaluation method in terms of analyzing water balance.
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Table 1. Reference Evapotranspiration per Country (mm/day)
Country Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep Oct Nov Dec | ET,
Korea 090 | 119 | 190 | 293 | 364 | 355 | 343 | 370 | 3.02 | 237 | 150 | 1.02 | 243
Australia | 596 | 579 | 453 | 215 | 197 | 236 | 264 | 315 | 411 | 487 | 468 | 562 | 3.99
Canada 0.01 | 006 | 024 | 079 | 160 | 236 | 270 | 228 | 141 | 069 | 0.19 | 0.05 | 1.03
France 044 | 076 | 136 | 212 | 277 | 344 | 402 | 340 | 242 | 136 | 0.73 | 047 | 1.94
German | 024 | 052 | 1.11 | 195 | 282 | 332 | 342 | 311 | 1.99 | 1.11 | 053 | 0.27 | 1.70
Japan 084 | 099 | 142 | 220 | 281 | 280 | 3.05 | 3.34 | 268 | 204 | 134 | 093 | 2.04
UK 036 | 057 | 098 | 152 | 211 | 247 | 251 | 221 | 150 | 0.89 | 049 | 034 | 1.33
USA 046 | 074 | 1.33 | 218 | 3.00 | 3.79 | 401 | 352 | 267 | 166 | 084 | 047 | 2.06
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Fig. 1. Step in the Calculation

of Virtual Water Flows of a Country
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Table 2. Virtual Water Content of Primary Crop per Country (m% ton)

2} 2= O

o I

Virtual Water (m®/ ton)

Crop Korea Australia | Canada France German Japan UK USA
Wheat 988 1,588 1,491 895 757 734 501 849
Rice, Paddy 1,301 1,022 - 1,553 - 1,221 - 1,275
Barley 825 1,425 1,120 386 826 697 650 702
Maize 1,042 744 353 482 442 1,493 - 489
Rye 662 6,513 1,588 492 352 - 686 332
Millet 3,070 1,951 - - - 3,100 - 2,143
Sorghum 2,312 1,081 - 494 - - - 782
Buckwheat 2,555 - 1,782 1,107 - 3,450 - 2,350
Potatoes 170 150 106 112 97 113 74 106
Sweet Potatoes 232 365 - - - 170 - 286
Beans 2,541 2,791 950 1,036 - 1,422 - 1,480
Chestnuts 5,016 - - 2,982 - 6,733 - -
Soybeans 3,848 2,106 1,203 1,756 2,072 2,326 - 1,869
Cabbages 226 225 147 191 73 99 101 195
Lettuce 147 196 61 109 118 115 87 87
Spinach 132 329 148 92 97 126 - 103
Tomatoes 82 94 39 44 33 71 8 70
Pumpkins 110 313 122 66 - 188 - 340
Cucumbers 63 385 59 31 79 63 6 237
Eggplants 250 - - 110 - 105 - 139
Peppers 904 379 120 131 - 90 14 151
Onions 150 - - 117 - 198 311 -
Garlic 491 - - 244 - - - 259
Carrots 99 157 16 105 87 86 23 54
Apples 491 735 169 212 184 317 255 252
Pears 622 572 287 323 362 296 346 196
Peaches 614 1,678 288 330 2,183 404 - 372
Plums 683 1,634 614 588 899 936 518 498
Strawberries 178 332 362 247 283 146 229 90
Watermelons 146 287 128 96 - 78 - 126
Melons 240 187 17 159 - 110 - 128
Hops 11,390 1,604 - 2,448 2,460 1,913 2,076 2,223
Ginger 2,457 - - - - - - 88
Tobacco Leaves 1,468 1,002 912 1261 1,297 1,158 - 1,514
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ton. =2 10 = B2 o] 7Mdrdo] dasith ZgE]o] T Fan|o] 7] wiitd] AR AThEM,
2 Ygee 492 Ay 33 3o] 6513 o= Ul AAEHE vl A Yeid srEe] &
rrf’/tonoi 7P 2 7PdEre] skl Ak vd 5 TP iML Zhvete] 719 B9 o ALk A
(1,782 m’/ton), Z= Wk (2982 m’/ton) oIty =Y BB I Alzagle] 28 Tl o8 wAlshs sles 7
o SEluete} fAkeHAl F (2460 mYton)o] T e ok
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Table 3. Virtual Water Content of Livestock per Country(ms/ton)
) Virtual Water (m*/ton)
Livestock :
Korea | Australia | Canada | France | German Japan UK USA
Horses 5,408 6,251 5,567 4,689 4,672 5,549 4,659 5,874
Mules and Hinnies 5,408 6,251 5,567 4,689 4,672 5,549 4,659 5,874
Bovine 10,586 11,730 9,636 7,744 7,768 9,535 7,759 10,063
Swine 2,802 6,126 3,276 1,936 2,110 4,082 2,106 3,374
Sheep 4,710 4,852 4,225 3,841 3,858 4,286 3,893 4,281
Fowls and Poultry 1,849 2,373 1,358 795 877 2,044 784 1,304
Other Animals (Live) 10,586 11,730 9,636 7,744 7,768 9,635 7,759 10,063
Beef 17,091 18936 | 15,559 12,506 12,545 15395 | 12,531 16,248
Pork 3,163 6,766 3,631 2,152 2,345 4,550 2,333 3,732
Mutton 8,279 9,146 8,130 7,509 7,535 8,135 7,587 8,203
Horse and Hinny Meat 7,805 9,014 8,032 6,772 6,748 8,006 6,729 8,473
Hare Meat 2,383 3,056 1,753 1,031 1,138 2,633 1,018 1,684
Poultry Meat 2,383 3,056 1,753 1,031 1,138 2,633 1,018 1,684
Frog Legs 2,383 3,056 1,753 1,031 1,138 2,633 1,018 1,684
Other Meat 8,698 21,588 | 17,738 14,258 14,302 17,551 14,286 18,523
Fish Meal 1,849 2,373 1,358 795 877 2,044 784 1,304
Milk and Cream 1,815 1,580 1,072 884 927 1,427 926 1,074
Milk Powder 6,303 5,488 3,724 3,070 3,222 4,956 3,216 3,732
Condensed Milk 2,302 2,005 1,361 1,123 1,178 1,810 1,176 1,364
Yogurt 1,576 1,372 931 767 805 1,239 804 933
Whey Powder 790 688 467 385 404 621 403 468
Cheese 6,697 5,832 3,962 3,268 3,429 5,269 3,423 3,970
Bird's Eggs 2,384 2,294 1,312 769 849 1,975 759 1,261
Yolk’'s Eggs 4,490 4,319 2,476 1,455 1,605 3,721 1,436 2,378
Other Animal Products 9,978 11,055 9,083 7,301 7,324 8,987 7,315 9,485
Hair and Waste 9,864 18,157 | 11,070 7,404 7,801 12,947 7,783 11,485
Intestines of Animal 9,978 11,055 9,083 7,301 7,324 8,987 7,315 9,485
Semen Bovine 416,090 461,009 | 378,799 | 304,470 | 305418 | 374,803 | 305,076 | 395,563
Sausage and Others 9,978 11,055 9,083 7,301 7,324 8,987 7,315 9,485
Homogenized Meat 14,485 16,048 13,187 10,599 10,632 13,048 10,620 13,770
Lives of Animal 6,973 7,725 6,348 5,102 5,118 6,281 5,112 6,629
Meat Offal or Blood 9,978 11,055 9,083 7,301 7,324 8,987 7,315 9,485
Extracts of Meat, Fish 1,849 2,373 1,358 795 877 2,044 784 1,304
Bovine Skins 12,439 14,088 | 11,577 9,307 9,336 11,456 9,326 12,089
Skins of Horse, Others 11,051 12,244 10,061 8,087 8,112 9,955 8,103 10,506
Sheep Skins 8,608 9,161 8,057 7,381 7,410 8,119 7,470 8,147
Shark Skin and Others 11,051 12,244 | 10,061 8,087 8112 9,955 8,103 10,506
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Average
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Fig. 2. Net Import Virtual Water of Crop
0.043

2001
0.016
0.057
0.012
0.093
0.219
0.081

1998

1996
(Korea, 1992-2007)
2000
0.038
0.014
0.056
0.010
0.090
0.235
0.078

1994

1992

h7azs
1999
0.037
0.016
0.049
0.011
0.095
0.260
0.080

16000
14000

1998
0.035
0.020
0.047
0.012
0.099
0.273
0.082

Water Withdrawal per Unit Added Value (m*/ US$)

1997
0.033
0.014
0.049
0.011
0.107
0.285
0.082

42,387,403
46,813,750
82,169,250
126,741,225
280,343,325
1,257,521,250

Population
5,975,559,251

Country
Germany
Japan
USA
China
World

South Africa
Korea

Table 4. Virtual Water Content of Industrial Products per Unit Added Value
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Fig. 3. Net Import Virtual Water of Livestock
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Table 5. Virtual Water Flow of Korea
. 1992~2007 (108 ton/yr) 2007 (108 ton/yr)
tem
Import Export Net Import Import Export Net Import
Crop 287.6 16.8 270.8 337.4 21.6 315.8
Livestock 66.7 9.1 57.6 1075 8.9 98.6
Industrial products 19.6 274 -7.8 40.8 58.5 -17.7
Total 3739 53.3 320.6 485.7 89 396.7
Table 6. Regional Crop Yields in Korea (10°ton)
) Food Cash Crops Fruit Vegetable
Region
2003 2006 2003 2006 2003 2006 2003 2006
Seoul 3 3 0 0 2 1 22 24
Busan 18 20 0 0 2 4 146 121
Daegu 22 26 0 0 18 21 93 91
Incheon 83 74 0 0 6 5 96 71
Gwangju 39 36 0 0 8 8 147 113
Daejeon 12 11 0 0 12 11 41 26
Ulsan 31 35 0 0 9 24 28 36
Gyeonggido 553 544 5 6 145 153 788 826
Gangwondo 276 272 4 4 20 20 762 768
Chungcheonbukdo 291 300 5 5 173 186 511 465
Chungcheonnamdo 836 900 7 7 178 161 1,025 1,047
Jeollabukdo 726 809 5 6 82 85 820 808
Jeollanamdo 1,044 1,049 5 7 181 230 2,098 2,123
Gyeongsangbukdo 597 679 6 6 652 710 1,005 1,185
Gyeongsangnamdo 439 495 2 3 149 253 1,016 1,131
Jejudo 34 46 1 2 640 632 594 611
Total 5,004 5,300 41 47 2,275 2,504 9,191 9,445
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Table 7. Average Virtual Water Content of Crop per(m3/ton) in 2003 and 2006

Vegetable

400.86

Fruit

602.5

Cash Crops

1468.5

Food

1889.38

Item

Average
Virtual Water

Table 8. Comparison between Virtual Water and Water Demand
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