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ABSTRACT

Evapotranspiration is a key element in designing and operating agricultural hydraulic structures. The profound
effect of climate change to local agro-hydrological systems makes it inevitable to study the potential variability in
evapotranspiration rate in order to develop policies on future agricultural water management as well as to evaluate
changes in agricultural environment. The APEX-Paddy model was used to simulate local evapotranspiration
responses to climate change scenarios. Nine Global Climate Models(GCMs) downscaled using a non-parametric
quantile mapping method and a Multi-Model Ensemble method(MME) were used for an uncertainty analysis in the
climate scenarios. Results indicate that APEX-Paddy and the downscaled 9 GCMs reproduce evapotranspiration
accurately for historical period(1976~2005). For future periods, simulated evapotranspiration rate under the RCP
4.5 scenario showed increasing trends by -1.31%, 2.21% and 4.32% for 2025s(2011~2040), 2055s(2041~2070) and
2085s(2071~2100), respectively, compared with historical(441.6 mm). Similar trends were found under the RCP 8.5
scenario with the rates of increase by 0.00%, 4.67%, and 7.41% for the near-term, mid-term, and long-term periods.
Monthly evapotranspiration was predicted to be the highest in August, July was the month having a strong upward
trend while. September and October were the months showing downward trends in evapotranspiration are mainly
resulted from the shortening of the growth period of paddy rice due to temperature increase and stomatal closer
as ambient CO; concentration increases in the future.
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ZHRA RS 7| &ZME FHRAE (Reference Crop Evapo-
transpiration)2 7|52 2 ZHEA|4 (Crop coefficient)S 2]-&
Slod AP EIC) (Allen et al., 1998). Yoo et al. (2006)2 $-
Uz} == Al = FAO Penman-Monteith 4]} FAO
modified-Penman 24]9] £~ ZEA S APY519 1, Nam
et al. (2013)> =H] SEA} Tank 29, = E44] 22
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. RUET ¢J o4 (Kimball and Idso, 1983; Xu et al.,
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(2009)x} Yoo et al. (2012)©] SRES (Special Report on
Emission Scenario) AU 25 HIEg o2 A 7|34 HE
olgalo] Seutet mulo] Fuier wislel = Bafue
o|&3}¢ck 2013 IPCC  (Intergovernmental Panel of
Climate Change)7} A|52} B7hu wA1S Heigh o] Fofl of
F5T=72 (RCP, Representative Concentration Pathway) A]
el o5 7Hte g =1 FHkg 9 F el wet A+t
7} =83 =) %Itk (Kim et al., 2016; Choi et al., 2017(b)).
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Table 1. Typical paddy management schedule of the

Suwon field
Date Operation Amounts
10 May | Pesticide application 30 kg/ha
10 May | Fertilizer application 53 kgljghell(,gfolh;(gP/ha,
10 May Ploughing 100 mm depth
14 May Irrigate 100 mm ponding
21 May Puddling 80 mm depth
24 May lower water depth 25 mm ponding
25 May Transplanting 125 stalks/m’
26 May Irrigate 60 mm ponding
4 June Pesticide application 30 kg/ha
11 June | Fertilizer application 29 kgN/ha
Stop irrigation and
23 July pdraingwater
31 July | Fertilizer application | 15 kgN/ha, 19 kgK/ha
7 August Irrigate 80 mm ponding
2 October Stop irﬁgation and
drain water
15 October Harvest




I 9S4, A5 A A, Y, A B xR
Z5.on] Pe chA QA R|4 (LAL Leaf Area Index), 5
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A 4xeF 3.57ME arfste] S9IHA T W A 5 AE-
Bl THChoi et al., 2017(a)).
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7F Q17] wizell FAIA ol o3t A - 371 AAEket H
9)|R A (Bias Correction)Z}do] 2 3}CHChung et al., 2015).

APEC 71ZAlE]of|Al= B R4=2] BOAFARH(Non-Parametric
Quantile MappingyS AL-lo] A] - B714 st} Heln
& Y HCho. 2013). B|H22] EAMIH-E 147 7]
Zholl gk GCM 1L.9] Axto] Algeals 59 71k #=
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o] 9 W3 o] A HEE HY AGTHTHCho et al.
2015). me}7]1720119~21006)0l] thate] T4 7]7H1976
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Table 2. Characteristics of the GCMs in CMIP5 data analyzed in this study

Spatial resolution
Model acronym Modeling system/Country Institute (pixels)
(Lon. x Lat.)
bee-csml-1 Belijmg Climate Center climate system model based on NCAR CCSM2.0.1, CMA 128 x 128
China
CanESM2 Canadian Centre for Climate Modelling and Analysis, Canada CCCMA 128 x 64
GFDL Earth System Model with Generalized Ocean Layer Dynamics (GOLD)
FDL-ESM2 FDL 144
G SM2G component (ESM2G), USA G X 90
GFDL Earth System Model with Modular Ocean Model 4 (MOM4) component
FDL-ESM2M FDL 144
G S (ESM2M), USA G X 90
HadGEM2-CC Ha(.lley Cﬁ:ntre Global Environment Model, version 2-Earth System; Met Office, MOHC 192 % 145
United Kingdom
inmem4 Institute of Numerical Mathematics (INM) Coupled Model, Russia INM 180 x 120
IPSL-CMSA-LR L’Institut P.1erre-S1mon Laplace (IPSL) Coupled Model, coupled with NEMO, IPSL 96 x 96
low resolution; France
Atmosphere and Ocean Research Institute, National Institute for Environmental
MIROC-ESM . . ) MIR 128 x 64
OCES Studies, and Japan Agency for Marine-Earth Science and Technology, Japan oc
MIROC-ESM | Atmosphere and Ocean Research Institute, National Institute for Environmental MIROC 128 x 64
-CHEM Studies, and Japan Agency for Marine-Earth Science and Technology, Japan
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A= Tl A mdojt. Y=ot H|YsT] 54 BlE
g 2AAM = 71E AR tidt daeEL, @ 2o
Ae = B dag|ES w2t} (Choi et al., 2017(b)).

APEX 1ele] b AFgel 7l A4S Penman
(Penman, 1948), Penman-Monteith (Monteith, 1964), Priestley-
Taylor (Priestley and Taylor, 1972), Hargreves (Hargreaves
and Samani, 1985), Baier-Roberton (Baier and Roberton,
1965)24 o] 5749] B4 F ShE Alehste] AgT 4= 9
th 2 ¢A5of|xli= Penman-Monteith 3412 Ak A
71 Bao= AAgatck

P AR, + 86.66 p, VPDuy, /350 |
o A+~ (12)

AR, + 86.66 p, VPD /1,
E = (1b)

» r
A[AJrfy 1+7H

A7|A, Bz AASEE (mmid), A= Z3leF7I9F =
A9} 71&7] (kPa°C), R, w=EARF (MIm’d), p, = 57
2% (kgm'), VPD= 27194} (kPa), w2 A4 10 m A
oA 9] HtFE (mis), A= 7IBREE MIkg), v 554
A% (KPaPC)OIch B A2 ofd 2419 (mmid), 7,
A} F7lolsel et 5715 A%} (sm), ra= 57101
&oll gk i 27} (sim)olct. =T AT VPDR} t7]
% CO» F=9 A B2 7|93} 52 CO, 5
715654 (Stomatal conductance)2 WA FHZE 7[5
AL =ol= AIE 7Lt} (Stockle et al., 1992).

APEX-Paddy W9l =0l SHARF AP 9] Feles =
o|7] fJsto] Ezro] A9 Aol ofgh Apdkat =9 T
9 w2 A4S 18T 4~ Q= Sakaguchi et al. (2014)9] 2
B1S AFRTIT = TezlolAe] SRS kg Ao
2 AE

LAI
I/evap - 77(1 - LA[e'uap )EL LAI> LA[evap, V;vap =0
(22)
ET=1V,,, +E, (2b)

NN, Ve @ UG (mnd), LAI= FHARRR
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LAL,,= 8ol 9] i) dojubA] ok wje] HrAA]
Folty. ETe & S (mm/d), ne FHSLACEA
SWAT (Soil and Water Assessment Tool) Z&2] #42] L
ol H8H FHITUAS 0.6 H83Ict (Neitsch et al.,
2011). LAL,, = Miyazaki et al. (2005)2] &7 Azko| what
4022 =1

APEX Paddy W9o] 215 5L ThS A% w2,

DDM=0.001 X PAR (RUE— WAVPxmax(VPD—1, —0.5))

(32)
PAR=05R, (1.0 — ¢ 00147 (3b)
LA
LAI = LA + AHUF « XLAI «  REG 2l
TLAT
(30)
HUI
HUF = HUT & o0~ 0 - HUI (3d)
dIHU,
HUI= jDHU , (3e)
Tmax.j_ Tmin j
HUyj= —" =20 — 1 U > 0

01714, DDM2 Y 9] upo] u o] ZfA Rl F7eF
(ton/ha/d), RUE= BAIAZ] AMEES (kgha - m/MI),
PARS 33 &4 BAbd (MIm'/d), WAVP= RUE®}
VPDSL A A= R = 97| EARE (MImd),
LAI= Uz o|t). LA = 2HE9] o 27] gHaA)s
oy XLAL= A& 2| QuARG, TLAI= A7 5
F PUAHRS, AHUF: E99]9] o WHalgolth. HUR=
20| Arko]z]<: (Heat unit index), HUF= 2HE-0] Gti9]
(Heat unit factor)o]m] o} fi= 2o BEEA0] w2 7
Seoltk. ji= AN (day), HU = 8L, s A H7)
& (°0), T= @ HFAZIZ (°0), T AS7IAE (°0),
PHU += 2H&o] &dsto] AJe]d Aol mdar|7k2)9] &
Thele] FaFolet. o]9)e] X S 9l Fbabe] ot ApAg
82 APEX %@l A A (Williams and Izaurralde, 2006)°]
FEEo]qlrth
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Fig. 1. The evaluation of the reproducibility of climatic factor and evapotranspiration from observed to each nine
individual GCM climate sets during paddy rice cultivation. As a result of LSD analysis by Bonferroni method,
observed values and all GCMs were classified into one group(see Fig. 1(a)).

http://www.ekscc.re.kr



148 T - HRHE! - 2

AT HAT|, DA A, ATSE, BEESS BE
ARSI AR AR 30d Y HEgko R ISk
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(Chung et al., 2015). oJH3 GCME A1Ask=7o|| w2}t =
Ak, W =85, =% 59 A5 A daE =
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Aol A, 1, A, AAF S50 YARES 77t 1451
7

oA QT 5 g /1FEE e s)5uste]
2 WK A9 Ao A5 At B4 gl
B7}elok & Aol

3.2 M A e AAIE 2N
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~1.3%, 2.2%, 4.3%7} Z751= A o2 UeRgt) RCP 8.59)
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Fig. 2. Annual changes in evapotranspiration according to climate change scenario.
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Ak o] YRl ti7] F oliEleta: F A =
71 2t (Xu et al,, 2016) 7|20l whE FS7F o
Aelo g wtElth (Choi et al, 2017(b)).

Table 3= Z|afoxdAel oJste] WSS o83 5
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MIROC-ESMo] AJths] -0Jat 2102 31, inmemd7} o]
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GCMoj|A| 4Fds] F-ofgh AlolE Hol= AoR UEyith

RCP 4.5 A8 2.9] AL bee-csml-1 GCME] o= A1
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Fig. 3. Annual changes in evaporation according to climate change scenario.

400

Estimated transpiration by multi-GCM
— Average of estimated transpiration
- Estimated transpiration by ASOS observation data
--- Regression line of transpiration estimates

w
i)
=)

w
=]
1

Transpiration (mm)
N
3

n
o
1

150

1975 1995 2015 2035 2055 2075 2095
Year

(a) RCP 4.5 scenario

400

Estimated transpiration by multi-GCM
— Average of estimated transpiration
- Estimated transpiration by ASOS observation data
--- Regression line of transpiration estimates

Transpiration (mm)

150

1975 1995 2015 2035 2055 2075 2095
Year

(b) RCP 8.5 scenario

Fig. 4. Annual changes in transpiration according to climate change scenario.
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Table 3. Significance test results of changes in future evapotranspiration compared

Bt ARE - 5152 - IS

5 - 291

with observed values by LSD

method
RCP4.5 RCP8.5
Period GCMs Diff. pvalue signif. Diff. pvalue signif.
bee-csml-1 922 0.000 ook 4.7 1.000
CanESM2 0.2 1.000 34 1.000
GFDL-ESM2G 19.0 1.000 9.7 1.000
GFDL-ESM2M 8.9 1.000 6.9 1.000
20 f?ﬁ;g 40) HadGEM2-CC 4.5 1.000 15.5 1.000
inmem4 10.1 1.000 15.5 1.000
IPSL-CM5A-LR -8.9 1.000 -1.3 1.000
MIROC-ESM -14.0 1.000 -6.4 1.000
MIROC-ESM-CHEM 16.2 1.000 18.6 1.000
bec-csm1-1 67.5 0.000 o -9.9 1.000
CanESM2 53 1.000 -7.0 1.000
GFDL-ESM2G 9.0 1.000 -1.4 1.000
GFDL-ESM2M -8.9 1.000 -0.2 1.000
@ Oi?fg(sﬂ 0) HadGEM2-CC -21.7 1.000 -37.6 0.000 ook
inmem4 274 0.108 30.5 0.020 *
IPSL-CM5A-LR -22.7 0.990 -28.1 0.074
MIROC-ESM -40.8 0.000 ook -382 0.000 ok
MIROC-ESM-CHEM -21.9 1.000 -26.9 0.142
bee-csml-1 50.1 0.000 ook -13.2 1.000
CanESM2 -16.9 1.000 -36.2 0.001 ook
GFDL-ESM2G 5.9 1.000 10.6 1.000
GFDL-ESM2M -8.1 1.000 -16.7 1.000
@ Og?fgi 00) HadGEM2-CC -43.5 0.000 ook -58.9 0.000 okok
inmem4 28.5 0.061 36.2 0.001 ook
IPSL-CM5A-LR -40.0 0.000 ook -53.1 0.000 ok
MIROC-ESM -47.3 0.000 ok -58.8 0.000 ook
MIROC-ESM-CHEM -334 0.004 ok -374 0.000 ook
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Fig. 5. Change in time series of evapotranspiration by MME approach when bcc-csm1-1 GCM is included or excluded.
If bcc-csm1-1 (red line) is excluded, the continuity of historical and future trend lines are improved (See (a), (b),

(e), and (f)).
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Fig. 7. Monthly evapotranspiration changes with RCP 4.5 climate change scenarios.
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Fig. 8. Monthly evapotranspiration changes with RCP 8.5 climate change scenarios.
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