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Analyzing the Contribution of Regional Water Resource
through the Regional Blue Water Flows of Rice Products
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Abstract

The aim of this study is to analyze the contribution of regional water resources through the gap between water used for rice production and water used for
consumption. The blue water use for rice production and for consumption was quantified and the regional blue water flows were estimated using the virtual
water concept from 1995 to 2010. About 1134.4 MmB/yr of blue water flowed among the provinces and metropolises of Korea, and about 28.5 % of total blue
water flows came from Jeonnam province. In addition, blue water usage for rice was classified into three categories: water for production, internal
consumption, and overproduction in each region. In Jeonnam, 633.8 Mm’/yr of blue water totally used for rice production, and 50.9 % and 15.5 % were used
for external and internal rice consumption, respectively. The other 33.6 % was used for over production of rice for food security. This study assumed the blue
water flows depended on the gap between virtual water use for rice production and consumption. However, the analysis of regional blue water usage and flows
might show the importance of other region’s water resources, and make policy decision-makers aware of the integrated water management among the regions.
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Fet =] Q= Al of] S8 B A Holar gl
o oof wpz} Afgtdo] & 28]zt tf Al o A HHAYSEAL 9]
. ool whe} 2 2]zt &14] 7H4FAI 0] S8l o] g Ak T
H ol of2igt @/e 7Hd4 (virtual water) 2h=
A Ak A ole] Siglo] tEAle] 48 4n)E
9Jo10] AL EL T iz 0.2 7het 4= 9l

PP 2] B9 AR T AFSEI 2] ok oju]
SHELR 22 A oL} 212 4] ZulofA] 7gee] A}
85 3240|7155t} (Allan, 1996; Hoekstra, 2003;). A7k
A 7ol et thefet i @] A7 o] LA glo
o 2ol 7Md=2] 7id2 et B Al (water footprint)
O 7d o] AA = AL, A ] Fa-oll whet =) A
EURF O 2 LR 31 Qlt) (Hoekstra and Chapagain, 2008).
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7} Qthar & 4= )t} (Schmitz et al., 2013).

A7IA] =l A= 2HaE 7] A gt 5t
AF7} e o] 2kl (Yoo et al., 2014a; Yoo et al., 2014b;
Lee et al., 2015b), ZZLo]l&= Yoo et al. (2015)3} Lee et al.
(2015a)0]) SJaA] Ajepe] 2n|s 7pae] e 4 g5tol
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A 9 A, SRR Tt 7 A A7 F sl Bt ol
11 (Chapagain and Hoekstra, 2003; Chapagain and Hoekstra,
2004; Mekonnen and Hoekstra, 2010), A12F A4 2 48] A
A} S Aol EE 0|3 A4 s Al Tl
S ANE] 1t A7 4230 v} 9Jeh(Liv and Savenie,
2008; Schyns and Hoekstra, 2014).
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3 1
VWvansumption (m ) ( )
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Table 1 Green and blue water footprint of rice in Korea (Yoo et al,, 2014a)

SRR Green water footprint (m*/ton) Blue water footprint (m*/ton)

1995 2000 2005 2010 1995 2000 2005 2010

Gangwon 496.2 285.0 416.5 3741 693.1 638.1 597 1 644.5
Gyeonggi 480.1 275.2 492.8 4833 690.8 679.6 5475 5842
Gyeongnam 324.4 508.0 4552 460.0 840.4 469.0 603.1 591.3

o |Gyeongbuk 301.6 323.7 390.7 339.3 8295 568.3 637.1 643.1
% Jeonnam 314.4 4942 4152 4787 844.6 4942 682.5 592.6
8 |Jeonbuk 312.0 470.3 438.7 430.6 7173 371.6 559.6 5217
Chungnam 4142 348.8 478.5 354.0 749.7 517 1 478.6 565.3
Chungbuk 391.3 307.4 519.9 456.2 7871 591.2 482.2 564.1

Jeju 430.2 416.4 603.3 917.0 991.9 1083.0 1810.4 11791
Gwangju 321.8 608.7 486.0 475.4 928.3 486.3 644.0 623.5
Daegu 340.8 4657 385.7 460.3 1027.4 657.0 765.4 7101

£ |Daejeon 378.4 528.5 523.9 497.9 798.9 503.3 4281 500.5
§ Busan 404.9 480.1 4348 4385 937.0 629.8 7455 866.2
% Seoul 545.5 312.2 4543 5742 764.2 679.0 601.8 579.6
Ulsan - 435.4 378.3 350.2 - 713.0 857.2 879.0
Incheon 437.2 2375 375.6 440.5 739.2 723.7 6221 648.6

Table 2 Blue water use for rice production and consumption

s Blue water use for rice production (Mm®/yr) Blue water use for rice consumption (Mm®/yr)
1995 2000 2005 2010 1995 2000 2005 2010
Gangwon 139.2 153.8 133.2 119.2 87.9 725 56.8 60.1
Gyeonggi 405.4 418.6 298.5 257.7 456.6 465.1 368.8 416.9
Gyeongnam 4679 236.5 2757 249 5 279.4 106.7 119.5 117.6
o |Gyeongbuk 5441 4083 4257 403.2 191.9 118.2 107.7 105.6
S |veonnam 776.6 559,0 668.6 530.9 151.0 755 80.7 65.3
3 Jeonbuk 580.7 315.3 4227 380.1 118.0 53.7 64.9 58,7
Chungnam 584.0 5121 437.8 4775 14,5 729 58.6 721
Chungbuk 224 1 1954 131.3 1337 95.1 66.2 457 53.8
Jeju 0.6 0.9 5.9 3.8 434 425 62.6 39.7
Gwangju 40,2 21.6 234 18.9 101.0 50.3 59.3 58.3
Daegu 27.3 18.8 18.3 1.6 217.4 124.5 122.5 110.1
= |Daejeon 1.7 76 51 42 87.9 52.6 401 475
§ Busan 255 17.2 16.9 15.3 308.9 176.3 170.6 187.4
% Seoul 2.3 23 1.4 0.7 675.7 512.3 382.7 355.8
Ulsan - 30.8 30.4 26.3 - 55.3 58.3 60.0
Incheon 67.1 63.8 521 37.9 147.4 136.7 102.0 108.8
= Ag5kod Table 1o FERAQICE 2 A4S §18ko] 718 Mm?), A= (403.2 Mm®) =02 A 714=0] ARg-0]
B QA S ASSHE 28 MR A|ooR Ut & 202 Uerdth A dujo] e HA A4 ALg e
5T 201040 0 530.0 M) A1 M/ L AKES 17k o] RESHE EAIR|eolA] A LER) uj

o)5to] ARRE Ao F 2AEQICE TR0 2HYE (4775 20104 7|20 R A7)%E X (416.9 Mm?)T A2 (355.8
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Fig. 1 The regional gap between blue water use for rice production
and consumption in 1995 and 2010
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Table 3 Blue water self—sufficiency for rice production and con—

sumption
Blue water self—sufficiency (%)
Regions

1995 2000 2005 2010

Gangwon 158.4 2121 234.4 198.2
Gyeongnam| 167.5 2217 230.7 212.2
Gyeongbuk | 283.6 345.4 395.3 381.9
Oversupply [ nam | 5142 | 7408 | 8285 | 812.9

regions

Jeonbuk 4922 587 1 651.7 647.2
Chungnam | 510.0 702.7 747 A 662.5
Chungbuk | 2358 2951 287.5 2485

Gyeonggi 88.8 90.0 80.9 61.8

Gwangju 39.8 429 39.4 32.4

Daegu 12,5 15.1 15.0 10.6

Daejeon 13.3 14,5 12.8 8.8
Undersuply g can 8.3 97 | 99| 82

regions

Seoul 0.3 0.5 0.4 0.2

Ulsan - 55.8 521 438

Incheon 455 46,7 51.1 349

Jeju 1.4 2.0 9.4 9.5

BRI O] T AR Q1R M 7V AN (BWU,, iuction
Blue water use for production) tH] a2 & 2] & Ao w}
E M 71 AR (B WU,y sumption” Blue water use for
consumption) 2] H|-&-& oju|slc}.
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Table 4 Regional flows of blue water through rice production and consumption from 1995 to 2010 (Mm®/yr)

Regions Blue water flow to
Gyeonggi | Gwangju Daegu Daejeon Busan Seoul Ulsan Incheon Jeju Total
Gangwon 3.9 1.5 34 2.1 52 15.9 0.7 2.2 0.8 35.6
Gyeongnam 9.9 3.2 79 46 12.4 375 11 5.3 1.8 83.6
Blue Gyeongbuk 219 7.3 17.6 10.5 275 83.5 3.0 1.7 39 186.9
water |Jeonnam 378 12.4 30.4 18.1 476 144.5 5.0 20.2 6.8 3228
flow  |Jeonbuk 245 77 18.9 1.2 29.7 89.9 29 12,7 42 201.7
from | chungnam 27.8 9.6 233 138 364 | 1103 4.0 15.4 52 | 2456
Chungbuk 57 23 56 3.3 8.9 26.8 0.9 3.7 1.3 58.3
Total 131.5 438 107.1 63.6 167.6 508.4 17.5 n2 238 1134.4
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Fig. 2 Regional blue water flows through rice production and
consumption from 1995 to 2010
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Table 6 Blue water use in overproduction regions from 1995 to

i 2010
rice
— - Blue water use for
Oversupply |Blue water contribution to undersupply regions (%) o oh
region 1995 2000 2005 2010 | Average Region Production |Consumption ver . . er
(Mm®/yr) (Mm®/yr) produ.;ctlon reg|3c>ns
Gangwon 1.6 4.9 3.6 3.4 3.1 (Mm®/yr) (Mm®/yr)
Gyeongnam 8.7 5.7 7.4 6.9 7.4 Gangwon 136.4 75.6 25,5 35.6
Gyeongbuk 15.8 16.5 16.6 17.3 16.5 Gyeongnam 307.4 170.7 53.3 83.6
Jeonnam 28.1 27.3 31.5 27.0 28.5 Gyeongbuk 4453 136.1 123.2 186.9
Jeonbuk 19.9 13.3 18.4 18.0 17.8 Jeonnam 633.8 991 213.2 3228
Chungnam 20.5 249 19.0 232 217 Jeonbuk 4247 94.8 129.0 201.7
Chungbuk 5.6 7.4 35 4.1 5.1 Chungnam 502.9 95.5 162.8 2456
Total 100 100 100 100 100 Chungbuk 1711 743 38.8 58.3
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Fig. 3 The blue water flows through rice production and consumption
in Jeonnam from 1995 to 2010
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