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Abstract

Virtual water i1s defined as the volume of water required to produce a commodity or service. The
degree of food self-sufficiency is currently about 27 % in South Korea, so that Korea is one of the
largest net virtual water import countries for agricultural product, thus it is necessary to estimate
suitable virtual water for South Korea. The objective of this paper is to quantify the agricultural
virtual water use (AWU) and virtual water content (VWC) using the method suggested by Chapagain
and Hoekstra during the period 1991-2007. To calculate the virtual water content, 44 different crop
production quantity and harvested area data were collected for 17 years and FAO Penman-Monteith
equation was adapted for computing crop consumptive use of water. As the results, AWU has been
estimated at 15.1 billion m' in average showing a tendency to decrease. Rice has the largest share in
the AWU, consuming about 10.1 billion m’/yr which is about 75 % of gross AWU, and the VWC is
1600.1 m'/ton for paddy rice. The largest VWCs of crops are oilseed and tuber crop, and the smallest
are leaf and root vegetables. The primary crop production VWC can be used for calculating the VWC
of various secondary products using the contribution ratio, therefore the results of this study are
expected to be used as basic data for national agricultural water footprint.

Keywords : Agricultural virtual water, water footprint, consumptive use of water

TV SRR, T AE e AlES v flEiA Bad B9 RS ottt fEuete] SEAEES
P o] o vetEel s wlg- & el &3, vl A gt

) 2k & olgate], 191 dH-E 2007 A7HA]

o A7 ¢ M AFEEE(agricultural virtual water use, AWU) 2He 1 BS Aalkalr] Yste] ask s
(virtual water content, VWC)& AH43l= dl 548 Fa o) 7Md AMS3S AP35 $1ske] 4714 22

* Algdehal FPAEIAEATY AT
Researcher, Research Institute for Agriculture and Life Sciences, Seoul Nat’l Univ., Seoul 151-921, Korea
wr WAL AUl 27 - A AA2RFHE & FRAH AT, Fag
Corresponding Author, Associate Prof., Dept. of Landscape Architecture and Rural Systems Engrg. & Research
Institute for Agriculture and Life Sciences, Seoul Nat’l Univ., Seoul 151-921, Korea
(e-mail: iamchoi@snu.ac.kr)
s A UISHL AENE7 - AN AR BE vk
Graduated Student, Dept. of Landscape Architecture and Rural Systems Engrg., Seoul Nat'l Univ., Seoul 151-921,
Korea
e A STISEIL B AN BT R
Associate Prof., Dept. of Agricultural Economics and Rural Development, Seoul Nat'l Univ., Seoul 151-921, Korea
srn A GUISHE AL ALY P

Associate Prof., Dept. of Plant Science, Seoul Nat’l Univ., Seoul 151-921, Korea

A2 B115% 20094 11H 9



el 17d7ke] 2= Akt Aud s wlole S 3skal, FAO Penman-Monteith)-& ©]-8-8to] 2Hz4H]
AT AP daks durd, w9 7P AR 1519 me 2 A E AL, HAF T o] Eol=
Bk A8 T =87 7P B2 o] v TP E ARSI, HA Y TP ARE R T 75 %60l @l
A7 1019 me AMEElgon, w=uE 2 1600.1 m/tonoZ A=A =}

gee vehilaL, S 92 AR

1
]
e Aow tehdeh AR AR Aol Aede An ABn AbE AN FHulE olgsie] FAE
PN
I

f
fr

O oon ¥
o% ol

O
ol
-

He e go wo

FEFOIL FAE 5 24 AN SR AT 5 Alek ol mek B ATelA APE Avks Seuee 5
o opel BuATS A vl ol VEARE F8Y A A0 ot

and Hung (2002)= 2t =7Pd &@3=& 7P WA

2)
.M E ARSI, o ATOIME 19%5~199938] b

2007d 71 Bae] HEAFES 272 %ol Busk  AE AN B FEAEE oY wrhd 2
t} o] o olpd o Hlste] AAWZH o] 2 7 2Hd k9t ©]$- Chapagain and Hoekstra (2003)% 2}
A wAel wel A An)yt Zr1e AgE dokEo), 7P S4B ARl dig 7R A ekl
o AElg g elste] e whd T8-S ¥3tel =, 7kl disixs A4t BlE (product fraction)
o x37)9} HX317), ey} 2 thekel o AAE olgh= JdE st 7MEE A ol A
S 9l8lal gl o9} e mALEo] AYALS 9 A Tl ofshd ml=, Ayl Bi= o2 &lEY So] M
T 718Hor BS Hdaz v, 2004del 2o MRS FESa, ARyl 9E Eds 2

B Fol M) e MR S Zle

Wt} Chapagain and Hoekstra 2004)= 9
[e)

UNESCO-THE ®.iAje]l ©jahd $-2uheh= 1 had oF
6,700 kgol A& Aietd e, 2 1 B8 ALksr] ¢

Ru/E)
X

A= oF 1301 mAES B AlLEE Aow 2} = Fgske] 1997~-200139] A AE5E nfg 5
%At} (Chapagain and Hoekstra, 2004). o]} o] o ZE 9 g 7FEE 9 FE gsle TPEE AF
et 22 JFEAE g AES WSy 9s)A] AL A3k, 1 AvE ol &35t w7 EdAaE A
41 =9 FFS 7Metal sk, Allan et al &gtk o] wigow Iypd Bulxali £agRE
(1998)0l] o]&ll A #|Qtel o] 20|t} FAHE: e Ak Fs skl B ay, w7 B AEE E E Y
o Y e E ok AL AR 58 w9 SERE SIS o] Aol b et <
= A e gt Joa @ ¢ Yx, st £ 2, olgge}, =, el o]of AlAlelA thAl A=
QBhE Be AR AR T FAES A 9 B2 55 &Filshe w7ke Bassich w3 ¢y
o] 2nE B8 £E93 gipr} 9= Aotk g B 8ol 79 %, w7t = A&l 38 %, = T
g Zrlol A ALEEE 2o o]g = Eo] ojwi A} A JERIL 62 %EA, B Y dETI A AA e
£531, ojt] 2 o] %dl Ao tlate] AHE Har} 9] T 169152 Yeh & £ Rt vl w8 Ao
=), olefg JidS vERd Aol EdAlw (water 2 R
footprint)o]t}. &A= JdL Wackernagel and E Y et =2 vt 4, ek A A
Rees (1996)7} 7ldgt ABEd=}= (ecological footprint) AR 7hE - 5 5 22 AlF) oz Aste] A
Aol X FE =ik Auda=olgh I7to] A+ ARl ol ZAZL WSt FAES A A7
A g PFflshs b dag AT F& AFE] of FYskA &8 A97F #AT 4 Qv o] A w2
gk Ao AL 7)o = v)8-S EA® e & ALl dagt sAAY Ve oo Fitsielet
A5 Wah= oz Qlgto] zplo] Wl Jaks W T A FEow 499 g wAE Akl of#
Ao g AT Aol AE A7k A < A5 7 Jrk ol AE PRl diske] F,
FAB7] fete] Bk AstE EA g oR e A 9 FHEF 59 o8l tig 452w oJolA]
A, SEA=-E g F7 A AstE Arleted 2 A8 ALB|Eete] opr]E 4 9loma  IUbA kYo
83 & AMEES 7P R Edg 3lolth Hoekstra A B P 7 DvphE B3 ey Z4Ae

912 BEKEREERHNE



A B F83 e AHgel @ & Qe
54 7} S A A 21 71 27, G
4 5o 279 whe} gebd 5 glov, ol uet 7
S7hs SbE SRl dE TS E Aol
sior] §AEl e BRAT F

2
o
e +
.Y
N
)

Lo

2o ol g xqzuoﬂ sgslojol 3 Qo
wepba] ATl A= fEvhetel Age TPEE
A3t7] flste] 19156 20073744 AEE AR
718ARE ol&sto] vl MUfe] FEES
kel Fagh AF T ARER (VWU virtual
water use, m/yr)= AHAsHLL, o]E H}E“’i 2= 1
=5 Arkeb] flete] ek 7P (VWC, virtual
water content, m’/ton)< %3} Tﬂ vete] w9 &
ofo| Al Bt AHAEH] ek V2 ARE AlEshal
7t &3k

2.

r2

7

2.1 SEX= M4 2

Exbsr (WFP, water footprint) ©] 2= 7Hyd-& Apg
9] AH|et AE Eol &5 ey Q1% A%E A
ushy] 98] =]E AT (Hoekstra and Hung, 2002).
g vehe] 2t 3k Skl 74—7‘3}% AbEo] &
H|Bh= ot ARlas Altshs = dow
Aoldnt (FAIEAY 2006). =X } sk A
A= 7 (virtual water) @b o] Bastd), v}
A Allan et al (1998)] ]3] Aotd o]Z2o =K
ol AFolu Au|2g FHsl] fdl AlEEe= Ee
Fe onEtt. = of" uetellA kel AAbE 7
AsliAE Eo] AREEEH, o] AAREe] thE UetE
TE EE FUEEA dEA R o] olFye Aol
th wEbA gk w7ke] Sk sy AR o] &
Foll A the Utz ol sshs 7HEE Al9lskaL, =
2 fFY¥= 7HEEE ko] A et o
w7ke] & o] SR AAAL e 2
WFPS] g I8E
(Chapagain and Hoekstra, 2004).

o, m[o rO\'

WFP= IWFP+ EWFP o))

o] 71X, IWFP (internal water footprint):= 3+ =7}9]

10 Bk ld, 1oveke] AFate] o] 4
dEI A 2~E Ate] fE AMEEE
Ul FA e oS owm]sty. EWEP (external water

A2 B115% 20094 11H

1 [
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[
= |
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: CWR [m'ha] VWC [m*/ton] CWU [m*/ton] }

|

Industrial and domestic water Agricultural water use in

: |
|
|
: withdrawal in a country [IWW+DWW] a country }
) [m*/ha] AWU [m*fyr] }
I = ¥ |
: Virtual walgr export related to export Tntermal water Tootprint }
|
! |
| |
|

of domestically produced products
VWEgon [m'fha] of a country
IWFP [m'lyr]

Virtual water import into a

I |
| |
| |
] country VIWI [mfyr] External water }
| footprint of t |
: Virtual water export related to ootprint o a country }
|

1 1
| |
|

re-export of imported products P L lyr]
VWE e cxpart [m*yr]

Water footprint of a
country WFP [m'fyr]

National population | Water footprint per capita
[cap] WFPy: [m*lcaplyr]

Steps in the Calculation of the Water
Footprint of a Nation (Chapagain and
Hoekstra, 2004)
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Table 1. Average of Crop Harvested Area, Production, Yield and Crop Water Requirement (CWR)
(2003 ~2007)

Area | Pro- Yield | CWR Area | Pro- Yield | CWR
Crop duction Crop duction
(10*ha)| (10°ton) | (kg/10a) | (mm) (10°ha) | (10%ton) |(kg/10a)| (mm)
Rice, Paddy 930.5 | 63181 | 6445 |10455 Cabbage&Brassica| 54 294.4 | 5431.0 | 339.3
Barley 579 | 2375 | 411.0 | 3450 Spinach 6.5 1049 | 16184 | 150.8
Wheat 2.6 8.7 3377 | 365.2 Lettuce 6.0 1754 | 2921.3 | 3199
Rye 0.001 | 0.001 200.0 | 573.9 |~ Radish 31.0 | 14476 | 4679.6 | 3336
Soybean 875 | 1395 1580 | 5271 TE Carrot 2.8 1058 | 3791.3 | 361.0
Red Bean 56 6.1 109.7 345.2 g; Hot Pepper 62.4 333.8 5276 | 6884
Mung Bean 15 1.7 1095 | 4268 |% Garlic 30.1 | 3581 | 1190.8 | 259.3
g Pulses, n.e.s. 5.7 75 131.0 331.0 Spring Onion 20.9 556.0 | 2657.8 | 694.0
= Millet 1.8 2.1 1165 | 3505 Onions 155 | 9639 | 6176.3 | 581.7
Sorghum 1.8 2.6 149.3 | 385.2 Ginger 19 235 | 1220.1 | 591.2
Maize 16.2 73.9 457.8 | 480.4 Apple 275 | 386.7 | 1402.5 | 741.6
Buckwheat 2.4 2.5 103.8 | 273.3 Pear 219 | 4221 | 1950.7 | 745.4
Miscellaneous | oo | oo | 1465 | 2704 Peach 146 | 1984 | 13636 | 7166
Cereals, n.e.s.
= Grape 216 | 3569 | 1662.4 | 467.2
Sweet Potato 171 | 3069 | 1802.2 | 663.7 |2 -
Potato 915 | 6431 | 26401 | 3652 1% Mandarin 22.2 | 650.4 | 2940.2 | 634.8
Watermelon | 216 | 8064 | 37451 | 4141 Persimmon | 278 | 3321 | 11923 | 7435
Other Melons | 7.1 | 2215 | 31257 | 3184 Plum & Sloe | 63 | 709 | 11232 | 7237
g Strawberry 71 2037 | 2892.4 | 302.7 Fruit Fresh, nes.| 143 89.2 622.7 | 733.6
Ef Cucumber 5.9 395.1 | 67529 | 376.7 | Rapeseed 0.9 1.1 1179 | 389.9
% Pumpkin 9.5 3135 | 3292.0 | 437.0 E Sesame Seed 32.6 17.9 549 | 401.5
Tomato 6.1 403.3 | 6573.7 | 381.0 |Z Perilla Seed 26.4 21.9 82.6 | 4135
Chinese Cabbage | 41.2 | 2567.1 | 6259.9 | 2827 |~ Ground Nut 3.4 7.1 207.1 | 5104
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Fig. 2. The Results of Agricultural Virtual Water Use (1991 ~2007)
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Fig. 4. Correlation among Agricultural Virtual Water Use (AWU), Harvested Area of Paddy and Upland
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Fig. 5. Average of Crop Virtual Water Use (2003~2007) (unit: 10° m*)
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Table 2. Virtual Water Content of Primary Crops

VWC (m/ton) VWC (m/ton)
Crop b Crop b
Global Global
Korea Korea
Average Average
Rice Rice, Paddy 1600.1 2290.6 Chinese Cabbage 43.1
- 211.3
Barley 823.0 13877 Leaf Cabbage&Brassica | 64.2
Bst;lﬁgat& Wheat 10716 | 13335 Vegetables Spinach 929 | 1443
Rye 28694 9014 | Lettgce 108.5 132.6
Soybean 33085 | 17888 |% v R‘EOLI Radish 00 | a0
o Red Bean 30600 | 42529 |5 | esetabies Carrot 105.1
ulses Mung Bean 38895 B 2 Hot Pepper 1368.0 | 322.8
O Pul 95037 29293 S . Garlic 222.5 518.3
2 15es, BLes. : - V:az‘t’;lé?fs Spring Onion 568 | 2143
Sorghum 2546.7 2852.8 Ginger 481.2 1792.3
Miscella- - - -
Maize 1021.8 909.2 Apple 5275 6975
neous
Grain Crop Buckwheat 2639.6 2360.0 Pear 383.9 7275
Miscellaneous 19126 Peach 519.5 1193.8
Cereals, n.e.s. ’ Fru Grape 2789 654.5
Sweet potato | 3643 | 302.8 ruits Mandarin 2293 | 5778
Tuber Crop -
Potato 134.8 255.0 Persimmon 640.2 -
Watermelon 109.9 159.9 Plum & Sloe 646.6 1612.4
- Other Melons 103.5 1834 Fruit Fresh, n.e.s. | 1188.2 -
TE Fruits Strawberry 104.6 275.8 Rapeseed 38177 | 1610.6
:;; Vegetables Cucumber 52.0 242.2 . Sesame Seed 7633.4 | 8388.6
2 - Oil Crops -
v Pumpkin 130.4 234.5 Perilla Seed 49415 -
Tomato 56.0 183.8 Ground Nut 24448 | 3145.0

1) Chapagain and Hoekstra, 2004
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