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Analysis of Paddy Rice Water Footprint under Climate Change Using AquaCrop
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Abstract

Climate change causes changes in rainfall patterns, temperature and drought frequency. Climate change impact influences on water management and
crop production. It is critical issue in agricultural industry. Rice is a staple cereal crop in South Korea and Korea uses a ponding system for its paddy fields
which requires a significant amount of water. In addition, water supply has inter-relationship with crop production which indicates water productivity.
Therefore, it is important to assess overall impacts of climate change on water resource and crop production. A water footprint concept is an indicator
which shows relationship between water use and crop yield. In addition, it generally composed of three components depending on water resources: green,
blue, grey water. This study analyzed the change trend of water footprint of paddy rice under the climate change. The downscaled climate data from
HadGEM3-RA based on RCP 8.5 scenario was applied as future periods (2020s, 2050s, 2080s), and historical climate data was set to base line (1990s).
Depending on agro-climatic zones, Suwon and Jeonju were selected for study area. A yield of paddy rice was simulated by using FAO-AquaCrop 5.0,
which is a water-driven crop model. Model was calibrated by adjusting parameters and was validated by Mann-Whitney U test statistically. The means
of water footprint were projected increase by 55 % (2020s), 51 % (2050s) and 48 % (2080s), respectively, from the baseline value of 767 m*/ton in
Suwon. In case of Jeonju, total water footprint was projected to increase by 46 % (2020s), 45 % (2050s), 12 % (2080s), respectively, from the baseline
value of 765 m*/ton. The results are expected to be useful for paddy water management and operation of water supply system and apply in establishing
long-term policies for agricultural water resources.
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AquaCrop= 0[E¢t 7|2#3lol| ME 02 =H SUA= Hal M
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Fig. 1 A procedure diagram for analyzing water footprint of paddy rice according to climate change scenarios
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AquaCrop= 0[Zst 7|2#3lol| ME 02 =H SUA= Hal 2

1

Table 1 Climatic characteristics by study stations

Code Redion Period Annual average Annual total Annual total ET, * Annual rainy days
0 glo ‘o temperature (°C) precipitation (mm/yr) (mm/yr) (day/yr)
1990s 12.0 1,303 908.7 107
2020s 13.3 1,178 956.6 140
119 Suwon
2050s 15.0 1,271 1006.8 152
2080s 16.8 1,365 1063.0 160
1990s 13.3 1,312 936.1 122
2020s 14.8 1,280 1056.7 143
146 Jeonju
2050s 16.4 1,295 1110.2 148
2080s 18.2 1,409 1169.6 150
* Potential evapotranspiration calculated by FAO—Penman Monteith equation,
3. FAO—AquaCrop 5.0 222 o|2¢ct AMAtZF p o Y=Bx HI @)

2 AFollM = 7St JFFOR QIgh =1 9] YAkt
510] 5 B AP Slstol FAOSA Arste] st
+ AquaCrop 5.0 2&-Z o]-85}3lr}. & 2d2 7|42 79
A 22, vl &, W SOl ol g 7HA] A=) Ak
of| v| 2| = &S BA3E 4= )t} (Abedinpoura et al., 2012).
AquaCrop W& B 5 313t o g Zh=of 488 4= qlaL
gl AA A 7 fofo] W AFAbEo| oste] 35S
& 7= o] FAO7F2009d 19l 230 = W7 3.0 vl a2
selan, X400l 74 9 A 714 20151 109000 v
5.0 vl 3Z3} At} (Doorenbos and Kassam, 1979; Chung,
2010). AquaCrop 222 A5 A50%1Q1 vio] e H| A0} &
O A A7 A &2 7155 317 flete] E-AHE-T7]
AEAE 2ol 22 BG4, A=9 UE, A
2 A4 I, 719 25, A, U COs e
2 3315 (Raes et al., 2010). 2 2E2 o7 H4=0] 4=
7} 2| o) 2bers}i HBs)n moelo] Bl E4o] 9)
T, 2] 2 o] § R T Ao A ALgA}e]
HOJE desto] vl 25 A o= AP QlT (Kassam et
al., 2001). AquaCrop El-8- E<=%|, vjo] Q| A AAkek gl
Sroyepo] AR T YeARL 714, 28, BokEe} T
9 v 2 5 236k §se] AF=olth(Chung, 2010). 29
of WA =lo] A= w7l a2 el A A A
Taxo A thdzE 3R AR 2 RE EEE ghol7] wiszoll,
71 W s e7do] Welni} che Sejuiele] 48 A9
o] gH5Z HAsfjof gtk wheba] md A5-2 flaf ol &
Sre 2hE w7 HE 2ste] 78Stk AquaCrop &t
S o] &3 A=) 2k (V] k)2 o] R uf A% (B, k)
of| 24| 4= (Harvest Index, HD)E 55k 4} (7)1} o] 1M
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HI= f(I‘Nf,F X f

post

X Hl,; (10)

7 24 Aa) $916.0 g/m’, W319.0 gm’, &
A (HL)=50 %2 ST o= & Aol melnAy
B ASE AR W2l o] PES F8she Aol AT A
O & ek AR vz et YRt 5 AeAla A
Aol ol§H= A9 27 K, A K, = 27110 AN
stttk ASUER K 9 K, g2 955 (Canopy cover),
718 i Tl wEbA mdo] R ARk 7 - &
ot gl Aol A ARG 2l 7l a=2] L-8-2 Table 29}

2

. Zop o o3

1, 71385} AILIZIQ0| M2 =t AH|SE U BOhSE
Ay 2t

7| (1980~2009'3) 2] F- =8 O] Al 29l
7] A% 530 mm, Z55= 520 mmo| o} vl = o] Aulg

Table 2 Adjusted parameter values in this study

2k Mgl 42912 2020 ), 2050, 2080ty Z+z} 582
mm, 608 mm, 630 mm= A E|Q 11, AFE= 7]FEE 520
mm, 2020t 606 mm, 2050 AtH 642 mm, 2080 tH 646
mm = APYE|ATh T ST S A= ] AH]peekE 4
7 A WHSF o R FEstol, o] F e
I} AAs}o] =0 G YW SRS ZF2F AR SHA E o

Zov|eEf el S fa- - Wl peF o 2 JLEsto] 24
513131, A= Table 33 Fig. 29} 2o =] - a5
22 712U o] 189 mm, 2020l 177 mm, 2050 tf 193
mm, 2080 ] 216 mm & 2020 A Tl =7 % A= 741
11205022080 A= 2F2F 2 %9} 14 % A% tha 27}
shalo, Zuba o Axnjeay Mok AR FEFs B3
o} AFE= 712U % 192 mm td] 2020 190 mm, 2050
Al 178 mm, 2080 AT 195 mmE S-F-$F8 7| FE % of
H] 2020 ) 1 %2}2050ATH 7 % A% 7FAsHe) a1, 2080
1% 5718t o f-a-e-=F |l el Wk 9t A
O & oSGl

HHH I7R4=aF) 739 =2 7] = (341 mm)of| H] 3]
2020 405 mm=E 19 % 27}, 2050 415 mm= 22 %

Parameter Description Unit Initial Value Adjusted Value
16.0
. ) L 9 (Suwon)
WP Normalized water productivity g/m 19.0 9.0
(Jeonju)
HI, Reference harvest index % 43.0 50.0
Thase Minimum air temperature below which pollination starts to fail | 8.0 8.0
T, pper Maximum air temperature above which pollination starts to fail 35.0 30.0
K, Initial evaporation coefficient - 1.10 1.10
K, Maximum transpiration coefficient - 1,10 1,10
Table 3 Consumptive water use by climate change scenarios (HadGEM3—RA, RCP 8.5)
Consumptive Percentage Effective Percentage Irrigation water Percentage
Region Scenario water use change rainfall change requirement change
(mm) (%) (mm) (%) (mm) (%)
Baseline 530 - 189 - 341 -
2020s 582 +10 177 -7 405 +19
Suwon
2050s 608 +15 193 +2 415 +22
2080s 630 +19 216 +14 414 +21
Baseline 520 - 192 - 328 -
2020s 606 +17 190 -1 416 +27
Jeonju
2050s 642 +23 178 -7 464 +41
2080s 646 +24 194 +1 452 +38
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3] Z-g5x] H5t Il 7)7ko] whAYsE Aol T 7|7k
I 93t B3R W) Qo] S Aotk uloll= #
afFo R n 7Fer BES 7102 AR E R I
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2. 7|25 ALf2|20] THE =52

Zut

MM st Bl

2 Q1520 4 AquaCrop 5.0 REIS 55 7| 2HE 8 7]
7F % 1996-20091 9] 1] AV HFGES Wo| AT} 4-9)
6.21 ton/ha 9} 3= 6.91 ton/ha2 ol &%}t mdlo] A=
L 93| v)mS= AA W (distribution-free test)Q] Mann-
Whitney U testE A A|3}IT) o] Flo] 2o =220 &=
Ate] Bt} 2iko] 22 Ao gt A o] 7Hst A
rolet. ik A0 =w] A B AlS g 2
7} = A0 = o = 5ty =1 ALk BEge =
7FeAI2E (http:/kosis kr)ol A Al =5 ARSI
AquaCrop 5.0 HH 9| 58S S0 = sF3iTh =H
A AR A Bo] 1996 o] T2l AL Ak}l 7]
FHE (1980~2009)0] liFdl= A=l 1996-2009d 7+
Q1 % 471K ) 3mn] AlAIpe] PEta) | S Ere.
2 3k3lek 75 912 971 (#, null hypothesis)& =
Apree) Bl ofEgre] B 2op e el 4%
ek FogE9 gk (p-value)o] 94 (=0.05) Het =¥
PHaE Adshs Aow AAstath B 2 e
Mann-Whitney U 78-S 53} 2} -012H59] 719] 0.603
0@ gelfzur) AuE QIS Aejste] A7) B2
9w o2 7ko] BAH 0 2 2ol7} Go-S AR 1=
AR AL F VA EE ) 23 7% ] b
9 6.30 ton/ha, 5= 6.80 ton/hao]|il Hd SLxZk2l =
6.21 ton/ha, A= 6.91 ton/ha®} v WlH-& o AAS) o=
Zro. 2 ATET) (Table 4).
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H] 2020t} 6.8 ton/ha 0.2 1 % H = A4S 7|2l =
o vls=gt AR FEO = W OJE|Qlrt 2050 T 2} 2080 Th




Table 4 Result of model validation by Mann—Whitney U test during baseline period (1996~009)

Region Observed yield * Simulated yield * Model validation
(ton/ha) (ton/ha) P-value ** Decision
Suwon 6.30 6.21 ok
) 0.603 Accept H,
Jeonju 6.80 6.91

* Average vyield during entire periods,

**|f p—value is upper than «=0.05, the null hypothesis (H,) for this test is that the two groups have the same distribution,
*** H, : The distribution of observed yield is the same across categories of simulated yield.

= 7}717.3 ton/ha (5 %), 7.7 ton/ha (11 %) 714] 571 A ©.
2 || A3 20201 7.5 ton/ha (11 %), 20504
o) 8.0 tonha (19 %), 2080 tH 10.5 ton/ha (54 %) O & #]4
A3 =8 AkeF ST AISE Sl 2 A7 vl =8 A
Abeg HskE BA% 23] 2020 A TS A 9J 7t P A =
A&} B 2060 T2} 2080 A o of AAtFo] F715tal 2080
Ao} 7P @] S7H AL 2 oS E gl 2020 Tl A <
o] mef] =1 YAkl g A0 R o|5H A2 597

o-1-= i O

Table 5 Yield of paddy rice by climate change scenarios (HadGEM3—

RA, RCP 8.5)
. .| Yield of paddy rice | Percentage change
Region | Scenario (ton/ha) (%)
Baseline 6.9 -
2020s 6.8 —1
Suwon
2050s 7.3 +5
2080s 7.7 +11
Baseline 6.8 -
) 2020s 75 +11
Jeonju
2050s 8.0 +19
2080s 10.5 +54

SRS RA ol Loh= o] A o H] S| 717k
njefj o} 7] ste] Gkl Aid ez d wgdstA vkast
AL, Aol whE 7| 1S} A2 2.9] Zpol 7t A4k Aol
HrgE Aoz ATy vl 7|2k = A ST
= RCP 8.5 A|L2| &7} njef =1 AAkegol FakE 71A]= A
O2 AR E . o]= 7] 5Hste] kol uet nlHE dos
2= Y 7] F CO w27t F71sHA ¥, of2fet @ o] A
Aol 3784191 P 7131 A o= FeEth (Nkomozepi
and Chung, 2013). 7| 32 QI3} 7] 24 42 vl o W8-S
W= SRl 557|720 = QIjt ks A5t of
Zrareo] ot TSR sl ke A Al7]

HANE 7] F COx w9 F7he §aEiitE=
A WS ST dloju g nlE =+
71k A o2 webEch ESF AquaCrop HE-L- 7|2 H T} CO;,
Fkeo o ¥IZkely| giitol CO, 5=9] 5717 Hakd St
of &2 ko= 7]oJgt 7l o2 H eIt} (Chung, 2010).
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Fig. 3 Yield of paddy rice by climate change scenarios (HadGEM3—RA, RCP 8.5)
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Fig. 4 Total water footprint by climate change scenarios (HadGEM3—RA, RCP 8.5)

Table 6 Water footprint of paddy rice under climate change scenario (HadGEM3—RA, RCP 8.5)

Total water footprint and Green water footprint and Blue water footprint and
Region Period increase ratio increase ratio increase ratio
m°/ton % m/ton % m°/ton %
Baseline 767 - 274 - 493 -
2020s 1,186 +55 360 +32 826 +67
Suwon
2050s 1,159 +51 368 +35 790 +60
2080s 1,136 +48 390 +42 747 +51
Baseline 765 - 282 - 483 -
2020s 1,117 +46 351 +24 766 +59
Jeonju
2050s 1,105 +45 306 +9 799 +66
2080s 855 +12 257 -9 598 +24
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Fig. 5 Blue water footprint by climate change scenarios (HadGEM3-RA, RCP 8.5)
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