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Abstract

Since the consumption of the livestock products increased for the past 10 years in Korea, the water use for live animals has become more important in
terms of water savings. Therefore, the index connecting water use and livestock products consumption should be required for sustainable water
management, and water footprint concept could be suggested as the index. The aim of this study is to estimate the water footprint for livestock products;
beef cattle, swine, and broiler chicken. The water footprint for livestock products is divided into direct and indirect water. The direct water includes the
drinking and servicing water, and the indirect water includes the water for the cultivation of feed crops. The water footprint of beef cattle was calculated
to 17,023.1 m'/ton, and direct water was 91.2 m’/ton, and indirect water was 16,931.9 m'/ton. The water footprint of swine was calculated to 4,235.8 m/ton,
and direct water was 129.7 m'/ton, and indirect water was 4,106.0 m/ton. The water footprint of broiler chicken was calculated to 2,427.7 m'/ton, and direct
water was 7.6 m’/ton, and indirect water was 2,420.1 m/ton. Also, we compared the water footprint to water demand of water vision 2020 which is the main
report for national water management. The water vision 2020 reported only direct water for live animal, but the water footprint includes the direct and
indirect water. Therefore, the water footprint could be applied to various fields relating water and food.

Keywords: water footprint; livestock products; water demand; feed crops

.M 2 W AYAE E3ER] = 2317] 2327 ton, FHA] 3271 7907 ton, T
11714407 ton © & UFERSEIT, 2020'd AAE 3R] = 4417
2324 ton, Br117] 440 ton 0.2 2015 3} 51 A =]

] R 10 19 4 201
Aeh= ﬁg L* olth (MIFAFF, 2010).

A A &2 02 Zr)slo] 2|0 1726.7 g&

ERE o 201080 £ e oF 17003 g9 A0 2B 4u7k S715H, 2l E § 5 FH0R ¥
AHPERz A0 Uebth (KREL 2012). 58], SFE0E gpamy 7) 52090014 24b847} Alste vl% <A
< 19859 7] 2010dofl= oF 21 o)4 '6‘7}'?& 119.3 1eo}R] 31 91T, HAA|H 02 ZARE AALS. OJ5F B ALLF
g/cap/day©] a1, 2010 S-=2] AH|FES 1985 Hr 2] 0] & =0 HH B 21.28k0] 30 % o| A1 2R3 kS ZARE

oV 571510l T A5 AMHARUT AN AR Y po) g ajgero] Anieh A0 2 et (Liu ot al, 2008;
BT o]ef o] Alm &H]afe WSk S5rof b= A Mekonnen and Hoekstra, 2012; Gerbens-Leenes et al., 2013).
Sl 5570] A= ST AS 1T 4= Stk B3 59 = g=o] Au|uE T Alek 2] B x| AR ol ula) 3F
TAPAERO] ARG E 3R] A kol w2015 = g=o] AAL U An|ko] WElelA)] ¥, o) tha] 7pE

* Research Institute for Agriculture & Life Sciences, Seoul o] skl ofy e} 7RE52 AL ] el ABlEE

National University AFA7FA] G3RE w) A 4= 9o}
#+  Department of Rural Systems Engineering, and Research o]of] whe} e lsale] v AL 2]E) ) A=) Al

Institute for Agriculture & Life Sciences, Seoul National ARS Ola) AH]E = 2 ele TEs w Q) 9l o] 9ls)

University
##% Department of Agricultural and Biological Engineering, Purdue of 7Mdeet Ao T o] A8 4= qlrk s54NE Y]
University Ag/kl-‘_ HGH /\1‘;. 7]E_;<—1 = Xl—? xH HH;g = __?é_/\].%g 7\@}\]’
:*** Eure;l Res:z.;lrch Ili;tltute, Korea Rural Community Corporation 317] 013 Eo| AFLE|A| ==, 0|2} Zo] oju sl EEALE,
orresponding author
/\]_u. LS o = El: /q_)\
Tel.: +1-765-409-8507 Fax: +1-765-496-1115 7 A S Al flstel AR B9 TS 7MY
E-mail: seunghwan.yoo@gmail.com 2}al gtk (Allan, 2003). 7<= Z2ofl 8355EH &
Received: January 5, 2015 H|E= BB 712] 9] o]|E L 2lel= Ellxl=olal= g o
Revised: February 27, 2015 i Q]'X}'HO‘] E" Z]— —r‘oﬂ ‘,]'GH Eoo]:oﬂ LHXHE]—E E .1_

Accepted: March 10, 2015

Saeaka)=i7] Al57d A2E, 2015 « 85



Hlake el A Bkt PogA Aol <fs) sk
L Ael 2 Q191K 0.2 2imslo] ALgals YA Bulxao.
2 FEEITH (Hoekstra et al, 2011; Yoo et al., 2014b).
FEANE FokolA Bl Al A8 S sS4k
AYAkegol Ws} 9l Axnlek sto] whE E AR ISHE 47
N Ee] B3 B $I5te] Waw
A1 AP 2 9l Ol Y BUARS The] 44
shglol Q17 2, Al 48 58 4
o 2 Ol A BE 4 ook Eak B
2 Foo] B8 A7} mel, Aele] s seis} Ashe m
gt aErdos e ¢ QL & AR Tl A=
S AZE AN 4= Utk A5 B0l SAREY A ES =
7] S1elAl At 2] U AJARe] 571 glo] FAE 2] U
A ST S SAREL AR fleliA = AR A
919 ST E7 ] e1A E AL ofof whef AL ARl et
afjo] o]&/do] ol 4= Hiof| itk E3F FARE ALR A=
O Aol ExtF ol I o ok whebA SakE i AbR
e FAlol et w9 9 Ak Ao Faghe SAF
=9 SRS 7H50] AR 4xHlshs 8o AlR AR A
HiE Q18 AMR-E= 85 sl tlzoll S25H °]&-

2 4 gk

TR S AP ofl Tt thekst A7 HANA
Moz WaYio] 2.3 e Fe] Bk Tl AT BHL
AbiH 12 1] Hoekstra and Hung (2002)+= 2+ =71 E2A=
2 71 HA ARSI W ©]% Chapagain and Hoekstra
(2003)= 7HEE2] AAT ] - EQJ51o] 2 27PA F4T )
Z47F30l thet 7P AP3 S S19iek 3t Chapagain
and Hoekstra (2004)+= ¢ & -5 £330 1997-2001d
O] A ARE B O & sEANE 9 11 7R, FARR] o
stol 75 AP SHATE Liu et al. (2009)-> 5-=7f| ths}o
Bupe] A S 289 A2 St vt ok o
() A=ol| tigh EdAl= 4y @]of] A= Au] & wj2tet
28 AE 7ol tiEh ERl oA Hiol 2 o | x| A=
ol T3t BukA=E7kA] BElo] #4517 Yt (Chapagain
and Hoekstra, 2007; Aldaya and Hoekstra, 2009; Ercin et al.,
2009; Gerbens-Leenes et al., 2012). &|ZLof= SRS 7]
s} 9 7 AT AAsHs et dhat v el
%131, Orlowsky et al. (2014)2 1|7 EHI}F AU L& &
gafo] 713 HIBjo] uhe x9) o] 87Hs e WS} 7} 4
A o] 9 7Hd o of| m A= F3Fe Btk

j

oL
o

2 1% A BT TP 550 K

et

86 * Journal of the Korean Society of Agricultural Engineers, 57(2), 2015, 3

Akl B

ol A= 2009 B theket AEE Fske] 7, &
WA ol o] 2E UL SAHES FAloR BuR A
7ol T3t AL7E =3 = 3Tk Yoo et al. (2009)2 19917
B 20074747 AHEEA AR} 7RIS o] g5to] 447)
o] t52g0] chste] Selutelo] A ST AP
o} o] 7hAke] AL Bubala o 2 B9 T, Ahn et
al. (2010)& EdA}=+ A4S =9]5}31 Chapagain and
Hoekstra (2004)2] 24125 4174 uielz) v|mahoic). wgt
Fhel 712422 Bgotel vl 90 F0 waEe) Fu
T Al YA BUATO R FHle] AT ATE 4
Y% v} Qlt}h (Yoo et al., 2014a; Yoo et al., 2014b). A=}
HAE g A= BHE AEE= Yoo et al. (2012)
o Zeqlale TEo] FYAALS Sfote] b0 Bas
UGt 5 AS AZT ol Qlek ek ohnre] By
A= AL7E Aol S E o] AL, S4kEo) Bl o

o G ool 4 Qi ST T 9l B T AT vl
3t Aol
ol whet & GLel A S5 Aul, RFY AFE B,

FAH84 3 5347 QA 5 Qs 0 B4R B
A& AP Stk ol ZAREO] BUAES &8
ot A HSE S Aot AR A B An
= 7SR TSl APYSIAIL, A4 AP AT 44
A7 FUAR) F 4RG4S 0 50} w] w o,

FAHES] A2 371 SRE R (Fig. 1). ¥
A AR 7150] FIAIE -840 24} 4 Sof 220]
£ AR5 APYE| T, TRE0 2 ZHiRR A ApR R o
3t 7145 AP ST} (Chapagain and Hoekstra, 2003). =,
FABY| BUATE 70| Au[sHe Abzol Ofg 7S
Rt A7 IS EA L M= AR E AP
Qo] AT ATE Testo] 24 T o 880 A
= SAeE ATH] RS A B} gl el SArEe] 2t
A= 7850 axH|Sh= Al Aol gt 7Hd o8 2
S 231l Qlow, 7fER A4S AN Ao 7 H3ks)
o] 7P ARRERS A|AJSH= 2fo] 7} ). o]9f 7 Bk}
T AT AYALERS: 7150 2 A|A] E] 7] wliLo] Ak M u)
Qs |7} olH.
(D

serv

WE= VWCj g+ VWCy, T VIV



g

Water
from

» Direct water

g « Daily consumption

Water et

footprint from
Vf animal | wvicing
« Indirect water

« Direct water

« Daily consumption

« Water footprint of
feed crop

Fig. 1 Components of water footprint of animal

AN WF= S4REY] 8A S Yulstal, VIV, =
A RS BAS 93 7= VING,,,, 2
VNG, 2 ARSRA 7120) S8 A2 913 AL
7P ofuist

2. 28 A ME=o 2t L= (2ES)

Sk A= AT o 7159 ARSI S &
HlEs S8ret AlAa A3l =3 715 S A
<7 13F 4 582 A7) B asitt ok SjofM=
8ok Al Zpol gt A At=7E FESit 2 AtellA
= H =] AFARE B8] S8k Al
A =S A St skt |A =l o] 715 St A
=713E 2ARIAAL, 71 A B9 S8 W AlAeEE
=)o AFARE B3I o F v 2R 7150 A%
7|3 -S4t A E= & S8t A S AP Rt olob
o A FEret AlA= TSR E VIEL R S i
2ol 71 =R Al BAIRE AEste] 57 A 71ee]
SRS AR Aol A R o) Al

slaughter
/ 7] [a} dt
irth 2
VWeriuk' [a‘] = MW—[G] ( )
slaughter
dt
S o
VWC;@TU [a’] = VV[CL}

71K VWG, 2k VIVC,,, = 715 (a)9] S8 Al2&

serv —

A7V =M 7150 24 (birty) 78] Ak (slaughter)

F A ARGEE 0 S8 (0)F R ARG
(4.2} TR AVIETE, ol9} o] FALE A2 2 28
FEAETR G ARG HOIEE 715 EHA AAF (W)
o8 ol

3. ALZ AH|0] O3t SLARR (4
Z4RE0) BUAE: F 7Pd4] Slgshs SRS 7
Z0] ARSI % AH|SE ALz Ofgk 7M: dm|ebE
oulgier. WA AF5717E 0] AL W AR A
B2 RAR] BUARE A ] AR B T
915t0] M|l 784S APESHA Btk thg-o.2 APEH 71
BN

& of2) 4]} 2

n,

/ slaughf,er{ E
birth

c=1

WFc] < Cla, c]} dt )

Wlal

VWC}ECd [a]=

-

A7V VIVC,, o THGRA ARAES P §1e 7
Ao 2 7HE0] 24 (birty)FE| A (slaughter)d
w7b) AR 715 (o) o W] ALREHE (o) 4%
(Clas )Tk AFRANE (0) ] AL (WFe))y & 28310 4
AT} o]oh o] APYE FHake 7154 o Aol
B2 71 EA|0] A (Wla)). 02 Wirolierh

4. 7|=XI2 ZA}

SAREY] B ASS AP S Sl A= ThedRE 71 2R =7t
Z-EEItE 2 Aol A= ol A = AR 9, HA,
ol B A =-S APskala) shelar, WA 2152l 284
ot NS A sl] flote] S5 A7 A Tl A
o= 2 A7 E ARSI, A @9 A4 RS =
Y A4 77} FZE3}o] Chapagain and Hoekstra (2003)9]
ATAIE Z-E51G1AL O]=Table 10f] UEFH T} o] wff 7}
S AREARE oA =2 Aok SAR H = A 5H
ok - (B]5-9) 9] - v < 38 liter&] S-87F AR5 4,
AlF 2= oF 11 liter7F ARG S = A o2 AR QLA HA]
O] A% A 4= A F 64 literE ARESIAL T 74-9-©F0.27
liter 5 AME-5h= 222 LERIT:

SAE B Y R S A= TR AlRAE
o) Ak flall M) E= 7HEE Qulshy] wief A=
A= AT 2 AR ool thRE Alke] A=t

SaEg st Als7H A&, 2015 « 87



Table 1 Water from drinking and servicing

Table 3 Water footprint of feed crops

Kind of animal

(Farming system: Water from drinking  Water from servicing

Industrial)

Beef cattle Clave Adult Clave Adult
Age (month) 5 36 5 36
Daily consumption

2
(1/day/animal) 5.0 38.0 .0 1.0

Swine Piglet Adult Piglet Adult
Age (month) 0.5 10 0.5 10
Daily consumption

1 14
(1/day/animal) 8 .0 5.0 50.0

Broiler chicken Chick Adult Chick Adult
Age (week) - 10 - 10
Daily consumption

2 1 1
(1/day/bird) 0.0 0.18 0.0 0.09

Sources: Chapagain and Hoekstra (2003)

Table 2 Breeding period and amount of feed
Kind of animal Breeding period
(Farming system:

Industrial) First Second Third Total

Beef cattle
Age (month) 3-12 13-22 23—-26 27
Supply of formula
Feed (kg/day) 3 10 10 23
Supply of forage

5 2 1 8
(Dry hay) (kg/day)

Swine
Age (week) 0-6 715 16-26 27
Supply of formula

2 2
Feed (ko/day) 0.75 1.80 .65 520

Broiler chicken
Age (week) 0-2 3-4 4-6 7
Supply of formula o 5 g5 4807 845

Feed (kg/day)

Sources: Jeollanam—do Livestock Policy Division (2009)

oot WA A8 0 AR EdTe HehdE
M4 2 AT AR B (5)0] ARE BEo}
331, Table 29f) e 21t} (Jeollanam-do Livestock Policy
Division, 2009). F- (H]8-9) = viFIAL RO} RALR S E4]
off BHBHE 210 2 Leht T, S22} she oAl R RS B
wote Aoz AR I (Table 2). T2 2 HlgtALR
EREe AR B Bl AR S AT S5,
W AL S0 Bkl AFFE = Yoo et al. (2014a)2} Yoo et
al. (2014b)2] S} AHE0] B A ATNE 2859,
71EF 2HE W AR 9] E9HR}=-2 Mekonnen, and Hoekstra
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Feed crops mixing ratio (%) Watzel;a;?:))rt‘g)rint

Maize 36.0 1039.7'

Wheat 17.0 1060.2'

Soybean 14.2 2796.0'

Formula |Rice bran 1.9 264.0°
feed  |Coconut oilcake 17 830°
Palm oilcake 25 802°
Rapeseed oilcake 1.6 951
Molasses 2.4 494°

Forage (Dry hay) - 494

Yoo et al, (2014a)

Yoo et al, (2014b)

SMekonnen and Hoekstra (2010)
*Hoekstra and Hung (2002)

Table 4 Live weight of animal at slaughter and carcass

Beef cattle Swine Broiler chicken
Live dressed Live dressed Live dressed
weight carcass weight carcass weight carcass

702 4352 114 87.8 2.452 1,742

Sources: KAPE (http://www,.ekapepia,com)
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HjRhe]&-E = S50l T UsHA &85tk (Table 3).
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20.6 m’/ton © 2 LJEFFTH(Table 5). AbEAH]of| 931 H]|8-$
10te] & 7H849) & AME5RS 2442,283.2 m'/animal, 4~
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Table 5 Total water from drinking and servicing of beef cattle

S0} M| Za= b2} 2|d) 14 2 50 liter/day/animal o] 4
o) 2ot 3 AL 7IZE A A] 21821 87.8 ke & M85}
o] H]S= A5 1 ton G AREE = S-80t A& 5 AP
A} ZF7F28.4 m’'/ton, 101.3 m'/ton & 2 LFEFGTH(Table 7).
ApzH]o] ofat M E 1}2] 5 7He) S AL 9
£>132.6 m'/animal, A~™= 63.8 m'/animal, 5421 140.6 m'/
animal ©.2 APYE|9Ic), 7084 Aol A %3S 23t
ALz AH]of| o5t EWR}=S 9F 4,106.0 m'/ton 0.2 A L]
131, Table 81| LFER Ik

4 —r *ﬂrﬂ] EH/\]—OE Dm-;(]_gli_g A]—X—] o].Odr,]. A] x4
Foll i Fsh= & 10k Ad 2| H e S8 AXT=
Z+zF 2]t 0.18 9 0.09 liter/day/birdo]] L& AH|o} &
ARS7N7E, EAA] RS0l 1.74 kg2 A galo] A2 1E
AHHELE 820} AZSS AT 23t 212} 5.1 miton,
2.5 m'/ton 2 2 JEFHT} (Table 9). AFRAH|o]] 23 S-A4 1
2] g 7150] & ARG 222 1.6 m/bird, AF0.7
m'/bird, T2 1.6 m'/bird © 2 FERGTE 7HE 4= ARg-2Fol| %]
S g3t AlE 48]0 o5t ERkAl=S 9F2,420.1 m'/ton
O 2 4513, Table 100 Y Ack

Water from Water from
i imal: drinkin servicin
s _Of il e G cat.tle 9 9 Table 7 Total water from drinking and servicing of swine
(Farming system: Industrial) Adult Adult
Clave cow Clave cow e o anea e Water from Water from
ind of animal: Swine - .
drinkin: servicin
Age (month) 4 30 4 30 (Farming system: Industrial) F—— A: T oiatet A: "
Daily consumption (I/day/animal)| 5 38 2 1 g u 9o u
- X - Age (month) 0.4 6.2 0.4 6.2
Live weight of animal at slaughter
(ton) 0.44 Daily consumption (I/day/animal)| 1.8 | 14.0 | 50 | 50.0
X 14 69.2 0.6 20.0 Live weight of animal at slaughter 0088
Total water required (m'/ton) (ton) )
70.6 20,6
) ( 03 | 282 | 07 | 100.6
Total water required (m'/ton)
28.4 101.3
Table 6 Total water from feeding of beef cattle
Feed WF of Water from feeding Table 8 Total water from feeding of swine
Feed crop quantity crop
(ton/animal)| (m*/ton) |(m*/animal) | (m*/ton) Feed WF of Water from feeding
- Feed crop quantity crop
Maize 220 1039.7 2283.2 5246.3 (ton/animal)| (m*/ton) |(m*/animal)| (m/ton)
Wheat 1.04 1060.2 1099.4 2526.3 Maize 013 10397 1326 1510.0
Soybean 0.87 2796_0 2421_9 5565_0 Rice bran 0_01 264_0 1_9 21_5
Coconut oilcake 0.10 830.0 86.1 197.8 Soybean 0.05 2796.0 140.6 1601.7
Palm oilcake 0.15 802.0 122.3 281.0 Coconut oilcake 0.01 830.0 5.0 56.9
Rapeseed oilcake 0.10 951.0 928 213.3 Palm oilcake 0.01 802.0 71 80.9
Molasses 0.15 494.0 72.3 166.2 Rapeseed oilcake| 0,01 951.0 5.4 61.4
Forage (Dry hay) 2.35 494.0 1160.2 2665.8 Molasses 0.01 494.0 4.2 478
Total water required (m'/ton) 16931,9 Total water required (m'/ton) 4106.0
SaEg 3= Als7H A2&, 2015 « 89



Table 9 Total water from drinking and servicing of broiler chicken

Water from Water from
Kind of animal: Broiler chicken drinking servicing
(Farming system: Industrial)
Chick | Adult | Chick | Adult
Age (week) 0.0 1.6 0.0 1.6
Daily consumption (I/day/animal)| 0.0 0.2 0.0 0.1

Live weight of animal at slaughter

(ton) 0.002

0.0 51 0.0 2.5

Total water required (m'/ton)

5.1 25

Table 10 Total water from feeding of broiler chicken

Feed crop ane::ty WE of crop Water from feeding
(kg/bird) (m'/ton) (m*/bird) | (m*/ton)

Maize 1.49 1039.7 1.6 890.0
Wheat 0.70 1060.2 0.7 4285
Rice bran 0.08 264.0 0.0 1.9
Soybean 0.59 2796.0 16 944.0
Coconut oilcake 0.07 830.0 0.1 33.5
Palm oilcake 0.10 802.0 0.1 477
Rapeseed oilcake 0.07 951.0 0.1 36.2
Molasses 0.10 494.0 0.0 28.2
Total water required (m'/ton) 2420.1

Table 11 Water footprint of livestock products

unit: m’/ton
Water | Water | Water | Water footprint
Animal from from from This
drinking |servicing| feeding | study Reference
Beef cattle 70.6 20.6 16931.9 | 17023.1 | 10586.0'
Swine 28.4 101.3 4106.0 | 42358 | 2802.0'
Broiler chicken| 5.1 25 24201 | 24277 | 1849.0'

"Hoekstra AY. and Hung P. Q. (2002)
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A=t AP ATH= ©F4,235.8 m'/ton O & VFEFHIL S4NE &
WAf=o] =9] A3l 2,802.0 m'/tond} Bl w e uf oF
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Table 12 Comparison between water footprint and water vision

Water demand Beef cattle Swine Br.0|ler
chicken
liter/animal/day | 50-60 20-30 0.3-1.0
Water : .
1| m/yr/animal 18.3-219 | 7.3-11.0 0.1-0.4
Vision
m'/ton 1227147 3 | 68,2-102.3 | 10.5-35.0
water Direct water 912 129.7 76
footprint
(m'/ton) | Indirect water 170231 42358 24277

"Ministry of Construction and Transportation (2000)
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