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Abstract duration. The WF ratios of soybean were 91.1% for green

WF and 8.9% for grey WF, but the WF ratios of Chinese
BACKGROUND: The water footprint (WF) is an indicator cabbage were 41.5% for green WF and 58.5% for grey WF.
of freshwater use that appears not only at direct water use of CONCLUSION: These results mean that the efficiency of

a consumer or producer, but also at the indirect water use. water use for soybean is better than that for Chinese cabbage.
As an indicator of ‘water use’, the water footprint includes The results could also be useful as an information to assess
the green, blue, and grey WF, and differs from the classical environmental impact of water use and agricultural farming
measure of ‘water withdrawal” because of green and grey on soybean and Chinese cabbage.

WE. This study was conducted to assess and estimate the

water footprint of the soybean and Chinese cabbage. Key words: APEX model, Chinese cabbage, Soybean,

METHODS AND RESULTS: APEX model with weather Water footprint
data, soil and water quality data from NAS (National

Institute of Agricultural Sciences), and farming data from M2
RDA (Rural Development Administration) was operated
for analyzing the WF of the crops. As the result of 9x}r(Footprint) & ¢17bo] xS tjg o 24] uhag]

comparing the yield estimated from APEX with the yield = gAuly] AvE Uehly] 98k A e satEglon, AE

= 5} 7
extracted from statistic data of each county, the coefficients ulzparolu Bkl 0] sido] QulA o7 AREE T 9]
of determination were 0.83 for soybean and 0.97 for THRees, 1996). AEulAl=o EX)21S HH3E 7Eo 2
Chinese cabbage and p-value was statistically significant. A AL B7F 0] 8-S Jeh= A ER AFEglon, et
The WFs of the soybean and Chinese cabbage at production o ) AHLS FEe IO FA] o]AkEhERRY] oko &
procedure were 1,985 L/Kg and 58 L/Kg, respectively. This Uehd 2417149] okS Uehl= x| Holt). Eulkal={(Water
difference may have originated from the cultivation Footprint, WF)& 52HS Hglshe /g o2 AkE At

off ARE= T =9 = HEhl= AE2A(Vanham et
*Corresponding author: Seung-Oh Hur al, 2013; Mekonnen and Hoekstra, 2014) &2] &1}
Phone: +82-63-238-2500; Fax: +82-63-238-3823; LYEe e S8 AYTE 9 e A
E-mail: soilssohur@korea.kr Hoz Hrlwly 9tk UNESCO-THE: 183t ek &
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UzA et IaE A8st A APdolEE AlAlEtH
Qem, o]Zlo] FIAHU|ESZ(Water Footprint Network,
WEFN)9] =4 . FA . 3] Bzt APYol 202714 %
AdstAl =%t Aldaya and Hoekstra, 2010; Hoekstra et
al, 2011).

ERATE AR FE 0 R B AR el 3 %
B Aol 7Fss] whizell &gl Ak A=E $st
T EE AMEE Q1o OF HPEOR sl A& ks %
7 ERE E80] 7FsaltHoekstra et al, 2011; Wang
et al, 2019). Y] & WAL 715 297 54
e} B2 2polE Kol glow, AuFi FE BEY W,
AE5HH Foll AT EARGl wE EEAbso] tkkeiA| 1
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1965), Hargreves (Hargreaves and Samani, 1985) 5 57}
A FAEE A 21S ¥8kstal It (Choi ef al, 2017(a,
b)). A A A] Penman-Monteith 5248 AM-E 7
T CO9t E3r5715He)H AATT71Mel) AFol9]
TFE st T U SRS AP & 5 oltKStockle
et al, 1992).
Williams 5(2015)2 2&<] 9
Hd st >

AA el A=) S
474 Penman-Monteith 52]-& #A|X8kz QJTHA 7).

86.66 p, (e, —e,) Uy,

/\Hu + Q 2
) (10—0.702 CH**™) \*
6.25|In ———

5= 0.111 o (7) (CH < 8m)
R 7
6.25(1n WW)

o71M, Epiz AT R (mm/ day), A= 57194

o] Lo WE 7127](kPa/ C), A= FEAFM]/kg), Rn

& FEARKM]/m® - day')olH, v& psychrometric 5
(kPa/ T)2ZA t719HP) e T+2(0.665x10°xP) FFHHT,
p,E &71U%(kg/m'), U,y 10 m 452 F5(m/s), e,
4%&71&(@@0@ e, = AAFE7IHKPa)olth p, &
1. 0~20 Atole] kg Zh= m S, LALE AHE2] ju a4
T, g 9 7154 (/) 024 F7I9kAR Frolr
Aol whek v ks 7RIk CHE 2= Nwd7iAe] &=
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Table 1. Data on farming management for crops

o 7
S At SRR Aol Fash Al skl
< sl B gl Al sl A B
(NAS, "12~"14) A= T FHANT-N)F L8383tk Al - o
e AETE Qs uﬂzr% 371528 skl BaARE
g, Sk ke A Al - T AR U] A
2T U89 P‘iiv}.

2t AuEAs

Al G7 SAE = s FHAAF(LAD = APEX
A AE AR SR B o3 ke Agsit

(Choi et al, 2017(a, b)). APEXel|A fHAR|F= EHO
ZHRE 19 A2 A7AE AP (Williams ef al, 2015;
Choi et al, 2017(b)), 7L 2 b2} ZTH4 8, 9).
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HUF= gtke|(Heat Unit Factor), SHUF= dwkle] o
Hglgolth REGE & AEHAXQIA Hagh jv= A,
PHUT #&o] Edste] A4 el ey |7k 9] ddt
A E% 1., 9 HAwH0), 1, 4 AA7I(T)ol
W, h AE S 7ARLE(TC)EA o] &1k ofsteA = =
o] A5 o

APEX©A 7]E
4 3424 ZA53DLAP 1, DLAP 2)+=
A5 g oot SRl aeld T
Bl ellA Ak Ak E o83l RASISITHFig. 1). 3>
DLAP 1°] 15.05¢14 13.05, DLAP 2% 50.95¢14 38.95%,
H|S== DLAP 19] 25.239)14 20.23 2% DLAP 2% 40.86%
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o AFsn e T3 e PuA
Seluetel 71 o
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. Trans- Fertilizati . .
Seedlin: . Harvest ertilization
Crops 8 planting v (kg/10a) Pla“t”}gm?)lsmnce County
(Month/Day) (N-P-K)
Soybean 5/5 - 10/5 6.5-32.5-9 6015 ?P;;’J“;ttlfi
hon,
8/16 9/5 11/4 11-7.8-11 Jechon,
Chinese (Basal) 755 Dangjin
cabbage 21-0-8.8
8 8/31 9/15 11/14 Gochang,

(Additional) Naju
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——Uncalibrated
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Chinese cabbage

Fig. 1. Calibrated LAI estimation curve for each crops.
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711} al k3,

sto] e AateRs 1olskal It Choi ef al, 2017(a,
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APEX RAME v|lwst d¥} Fo] AYATE= 0.83, vl5
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B} 2o, v 0.058 0 2 ghs YeR L glo] BAIA
SRE Fosithes 2g & 4 Sirh ok S ARAS
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3L QAT Yoo “5(2014(b)) oA et 38 WE= ¥717F 91
A sk kol AT S QlaL = WERE 3l
om, 71 gk 33467 L/kgl® ¥ A7ARRT}: 1,361.7
L/kg A AFd¥ A3E HRIth Huang 5(2012)2 &
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Table 2. Statistical analysis data on average yield of crops

Average Yield (ton/ha)

Crops RMSE p value
Statistics STD Simulated STD
Soybean 1.61 0.28 1.59 0.18 3.96x10” p<0.01
Chinese cabbage 68.4 221 69.5 16.3 1.47 p<0.05
Table 3. Water balance data by APEX on crops of each county
Crop County Rainfall Evapotranspiration Runoff Percolation
(mm) (mm) (mm) (mm)
Pajoo 1,020.2 376.1 478.0 166.1
Hongcheon 931.5 243.8 494.1 193.6
Danyang 878 242.7 447.2 188.1
Seosan 885.3 384.2 320.1 180.9
Soybean Gunsan 827 287 337.8 202.1
Muan 708.8 262.4 286.5 159.9
Sangju 794.7 292.6 351 151.1
Kimhae 830.4 273.9 4174 139.0
Average 859.5 295.3 391.5 172.6
Gochang 312.6 135.7 1259 51
Naju 294.3 142.7 125.7 259
g:ggjsgi Dangjin 4542 2145 188.8 50.9
Jechoen 4221 153.6 198 70.5
Average 370.8 161.6 159.6 49.6
Table 4. Green & grey WF by APEX on crops of each county
Green WF Grey WF
Crop County Ratio Ratio T?{z}IkV\)/F
(L/kg) %) (L/kg) %) 8
Pajoo 2,130.4 100 0.0 0 2,130
Hongcheon 1,566.1 76 491.0 24 2,057
Danyang 14122 98 264 2 1,439
Seosan 2,684.6 99 18.3 1 2,703
Soybean Gunsan 1,636.6 95 949 5 1,732
Muan 1,579.9 85 286.6 15 1,867
Sangju 1,843.8 99.9 25 0.1 1,846
Kimhae 1,591.8 76 514.7 24 2,107
Average 1,805.7 91.1 179.3 8.9 1985.0
Gochang 18.2 39 283 61 47.0
Naju 24.5 35 454 65 70.0
Chinese Cabbage Dangjin 30.5 51 29.6 49 60.0
Jechoen 229 41 325 59 55.0
Average 24.0 41.5 34.0 58.5 58.0
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o WEw wjFs W, o] 424 L/kgO® 4 - FM WF
7} 742} 39.5, 2.9 L/kge 481, Son 5(2013) 712wl
9] Aol WF,,, 216 L/kgOE =54 - JA WE7} 7}
7t 9.0, 12.6 L/kg= #Agttal &9tk Huang (2012)
& T A WFe 54 - A - 318 WEZh 47
22.1, 67.6, 290.2 L/kgelekal si3ith &R Awnd 2
ATE] A . 3| WEE 717} 415, 585 %%13l, Huang
5(2012)9] ATelA= 38 WE7} 76 %5 AR gttal skl
th ol A= Foll wlsl ofF E2w, fEuetlM=
w2 A e SR 7 wel EeueE Hof gl A
WA e FA R AR lA Aul7E o] Fol A frEol
Y W) EokfAt 7 thge] ool fAE mEd A
oF WAHEL ol A= wiF Aol o] FEF Y
vl g7k A Qdke ouiste, §EF HelE 99 Ay
W9 dsel disk avlo] Fash Aow Az
2 vl dist WEFS 29 et Adast 2ozt 9l
RS & F e, olRE 74 Attt ARgehs ol
o2 9] 7] AT = ol AWKKIm et al, 2013;
Yoo et al, 2014(a); Oh et al, 2017) 3]* WEFE #| A5}
= AU S(Son et al, 2013; Yoo et al, 2014(b)) ©
S17] Wi o 7 o AXITE gl Fah wiS-e] WE zlol7} A
Al yehd 3 skelA MEgitol 2EA5713Ee] xlo] gl
F2 AAIZI(7H) 7 el WAl &2 Al7]ol7]el Ay
g Autz BAEvh S E WE &R 3718 ve 3
HU= w7 314 WFol| Fokst Zlo s vepske=d], ol
wF AuiAl & fEo] AT uhE Rl Al o
s A7) wEo R ey, A5 ¥x3kEte] & ARG
oA ARy wiFRuE F2 Aehs Slo]

3
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