Journal of the Korean Society of Agricultural Engineers
Vol. 56, No. 4, pp. 59~68, July 2014
DOl:http://dx.doi.org/10.5389/KSAE.2014.56.4.059

ISSN 1738-3692
elSSN 2093-7709

NFEHSF AU LS DAY 5D A5A g §4FF ASM5H A%

Projection of Future Water Supply Sustainability in Agricultural Reservoirs under
RCP Climate Change Scenarios
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ABSTRACT

Climate change influences multiple environmental aspects, certain of which are specifically related to agricultural water resources
such as water supply, water management, droughts and floods. Understanding the impact of climate change on reservoirs in relation
to the passage of time is an important component of water resource management for stable water supply maintenance. Changes on
rainfall and hydrologic patterns due to climate change can increases the occurrence of reservoir water shortage and affect the future
availability of agricultural water resources. It is a main concern for sustainable development in agricultural water resources
management to evaluate adaptation capability of water supply under the future climate conditions. The purpose of this study is to
predict the sustainability of agricultural water demand and supply under future climate change by applying an irrigation vulnerability
assessment model to investigate evidence of climate change occurrences at a local scale with respect to potential water supply
capacity and irrigation water requirement. Thus, it is a recommended practice in the development of water supply management

strategies on reservoir operation under climate change.

Keywords: Agricultural reservoir; climate change, irrigation vulnerability assessment model, RCP scenarios, sustainability

LA 2

713Hsk S8 EAVSY R, RS F7F 71 W A
T elo) s, FHARF 9 559 S wes A9
=20 njgjo] 71, EAMSY S S7HIRIT (Sung
et al., 2012; Hwang et al., 2013; Jun et al., 2013). o]&3t
ESAAELE 71, R Vel B Bl 2 HEE S
7FAIZ]AL (Sohn et al., 2014; Yoo et al., 2014), $AFY 2=
4 Alggo] ofdes op7|git.

oje 7] eHste] thgh YRR dte Z7olle =HY
nef 71ES AR Aol TRt ¢F (Hong et al., 2009; Chung,
2010) ¥ 58 9% 374 (Chung, 2009; Yun et al,, 2011;

* School of Natural Resources, University of Nebraska-Lincoln
o AgTistE AT AT
oo ASUEIE 273X A AT
s ol 27 A AA LR 04, S AAEToIAT
T Corresponding author Tel.: +82-2-880-4583

Fax: +82-2-873-2087

E-mail: iamchoi@snu.ac.kr
20149 1€ 21 B2
2014¥ 7¥ 229 AR
20149 79 229 A

o

Jee et al, 2012)9] thgt A50] AFPEo] gkom, o] 7]
Tl wE Foo] = 4 9 B A Kim et
al., 2013b; Kim et al., 2013c; Ahn et al., 2014), Y39
H3lol] w2 A2 2858 7t (Chung et al., 2011 ¥
gt A5l 2R vl 7|3l whE o] A4t
of diuslr] ffgt A Ao Heh A= FA B
2 A ol gt pEARS A A ek At
(Shin et al., 2010; Hwang, 2012; Lee et al., 2012; Jeung
et al,, 2013; Kim et al., 2014), ¥ 7Hg2] 7|14 2 A4,
HPAE 5o BARHY 54% wAske At (Lee et al,
2013; Park et al., 2013)7} ZIYE| AR, AL} os)
GARES SR 715 A5 9 s oA A, A
FA B7F ARt FARE Aol

nlef 7] eRskR QIeh 71, EAMEe] 244 (Nkomozepi
and Chung, 2014) ¥ 7|S®3lo] w2 FFE7He] 244
(Hwang et al, 2013; Nam et al., 2014)& =98 A4A] &9
W ] Sl 84ER AA) Hobrel 7K THsAel
et 715 W3t Aol wEW A ST = SOl
A=l S7F 9 A Arderd] A, VI deeE IRt
7] & T 87 571 olof we Sk S 5ol A

59



7|15Hst AR eE ARk 8

A4A)9) vl §437

A&7k A

W22 (Chung, 2009; Kim et al., 2013a), A5, 5964
2, o ARF o] 8 Hele® gl YA 2 4
& AR Svaeg P8 B7F 9 FHOM VIl 8E
o} 7|53l gl et 598 AR oM 2 AeEY
o AeFA B4 713t A8t A Ee g
ARl 94N 715RSle) F5AoR ti§sly| flsle] A&

Al Ag i g 9%t HsH, YA =7 s
2 Aol i 7] RSl ot 714 H AT Wt
of E}% %CQ‘I‘X}*O‘] O]-'F ZHAA Y] ST ES B4k,
sl digh 71 et i s Bt

Pﬂx} ?—?_H:P o1& -r]"H UG A2 FIALET a0
Fo| SEE 4 A=A sy 7IHE ol8dte] FUEr aa
FoFAS H7eE g A (Nam et al 2012; Nam and Choi,
20108 72 uld 7|5 - zory
0 A&7 0] e Aolsi, 71&@ oﬂzﬂ: 2 HOW 9
7} 20 A8 7S HESL S HHY Bt
RS vl 7|5} Aue] e H8ste] Faat ~askl
IS BAsl §eag FoFd e H3kE APgdtomy
njef 7)1eHst - Yot Sra e

L

7 A&7 de B8t

1. SY8 XeAe dA ST

FAP RPRIEA R (KRC, 2012090 2J8lH 534 A4
= £ 17,5317440]H, $=50]E 5 Al (Korea Rural Community
Corporation, KRC) #&] AA= 3,356704 (19 %), A - < &
2] ALAE 14175714 81 92 RS 548 AA] 5
FEHA] 100 ha "] A4Al= oF 94 95 AASL QL
on FhiEolEFAL Wl AFAl 62 %, Al e AeA|
64 %= A2 ZAapda7t 509 oo R =3} 4l3lE|o] A
A 2AY Er3 Ves dATHAY s8Er 3 2 &
Alhe] SHoA HEEAJo] A&EL Qlk

U8 A9 HE7lEE AARKMIE (design frequency
of drought) d%& AHEH, Sh=rFol&aAt ija A 421 €]

o 78 % 109 HIE HEoE AHAOR S84 E T
& olES AR v, ALE W) AR A o 63
By e sl el Aold 54 wert
109 wue] AARNIER ZRE A5 4SS Rt 7}
Bol= QHR G3de] oleie Wut oheh A /| 3uat

2 AR 1S olEs B A ok A %
SRR SN2 AT FAYS o] GRSl GaBO

ZH 7hEol iRt At Adides 7L 9

60

_T_X-1

A 2=
1 $335e W a fm E‘J&Zﬁi gk
§}_ }\El

o
i
sz
r*°
7
gg
J_
F—ﬁ
%>
L)
2

2, i)

)
=1]

Ho] ek (Nam et al. 2012) E}ﬂ/ﬂ o4
HollA FgAo|al A|&71sgt %%‘%*r SOl Tt AH7}

w2 Aol 715t wE v §4aY AE7s
< %7 }0}7] Qlsto] AZ% (reliability) 7]“«] W HeHd 3
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PWS,= RC,+ Y RWI,, ;— RO, (1)
j=1 j=1
IWR,= Y} PWR, )
j=1
PWS= 32 75 5% RC (reservoir capacity)= A4

2|9 §aALH, RWI (reservoir watershed inflow)= G
9] Lol2k RO (reservoir overflow)= |8 = 7| A&+
A, n2 W FEARCIY =245F (WR)S =2 &
4% PWR (paddy water requirement)® A 2J5}Ac} #44]
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WA "R#S FAO (Food and Agricultural Organization)
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Tkl Al AR diRshe o= ARSIt (Nam et al., 2014).
WA Zho] RG] FYoRTH AR ¥
Ads 2fshs A9 S3a9 Ad A (failure) = 9]
siglom ) oA AE (irrigation vulnerability probability,
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Fig. 1 Locations of the agricultural reservoirs and the

Table 1 Characteristics for agricultural reservoir in the study area

meteorological stations used in this study

Region Meteorological Reservoir na Symbol Effective storage capacity | Watershed area Irrigated area | Frequency of drought
celo station CSCrVoIr fame VIO (10*°m®) (ha) (ha) (year)
Heungbu Res. A 1,840 1,320 652 10
) Myeoku Res. B 600 830 246 5
Central region Suwon
Botong Res. C 1,071 716 364 3
Samindong Res. D 302 328 121 10
Dongma Res. E 99 127 45 10
. Dochon Res. F 365 500 134 10
Southern region Namwon
Nangye Res. G 177 118 58 10
Paldeok Res. H 1,034 1,172 510 10
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Table 2 Classification of climate change data based on
period

Classification Period Source Climate model
KMA
CASE 1 (Baseline)| 1981-2010 (Korea Meteorological Observed data
Administration)
CASE 2 (2025s) | 2011-2040 RCP scenarios
CASE 3 (2055s) | 2041-2070 | (RCP 4.5, 8.5, source of | HadGEM3-RA
CASE 4 (2085s) | 2071-2100 KMA)
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Fig. 2 Projected yearly relative annual precipitation change
and absolute temperature change in Suwon

Table 3 Comparisons of meteorological factors between the baseline period (KMA) and climate change period (RCP scenarios)

Meteorglogical Factors Observed RCPAS - RCPES

station 2025s 20555 20855 2025s 20555 2085s
PREC” 1,312 1,610 1,673 1,819 1,604 1,806 1,823

Suwon TEMP? 12.1 13.2 14.1 147 13.4 15.2 17.3
RE” 856 911 941 948 931 964 1,035

PREC 1,360 1,778 1,864 1,932 1,677 1,952 1,916

Namwon TEMP 12.3 13.1 14.1 147 134 15.1 17.2
RE 913 942 972 980 968 1,001 1,073

% 1) PREC: annual precipitation (mm), 2) TEMP: average temperature (degree), 3) RE: reference evapotranspiration (mm)
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Table 4 Comparisons of runoff in each reservoirs between
the baseline period (KMA) and climate change
period (RCP scenarios)

RCP 4.5 RCP 8.5

Symbol Observed -
2095s | 20555 | 2085s | 2025s | 20555 | 20855
Res. A 10,772 | 13,167 14,116 16,135 13,375 | 15,443 | 15,658
' 2490) |(2563) [ (3,299) | (4,274) | (2,939) | (4,435) | (4,169)
R B 6,627 | 7985| 8665 9786 8204| 9482| 9617
: (1,535) | (1,454) | (2,044) | (2,355) | (1,817) | (2,743) | (2,576)
Ree.C 5681 | 6932| 7424| 8339| 7,028 8125] 8241
> (1,318) |(1,386) | (1,756) | (1,963) | (1,561) | (2,355) | (2,210)
s 953 | 3089| 3302| 3760] 3121] 3614| 3667
s G89) | 644 90| (962)| (702 |(1,057)| (990)
Res. B 995 1,317 1,399| 1459| 1,216] 1,479| 1,346
' @Gon) | 43| 2| @) @n| G30] @8
R B 4,037 | 5392| 5720 5903| 4,985| 6050] 5510
‘ (1,320 | @8] ©73)] 1,131 (1,029 | (1,336) | (1,159)
Res. G 924 1,223 1,299| 1,350 1,129| 1,373| 1,250
s G0 | @m)| ©25)] 49| ©@39)| Gon| (266
R I 9,806 |13,170] 13,962] 15,210 12,194 | 14,762 13,460
e (3196) |(2,353)|(2,345)| (3.276) | (2.471) | (3,222) | (2,802)

% Units: average (10°’m’), standard deviation in parentheses

Table 5 Comparisons of paddy water requirement in each
reservoirs between the baseline period (KMA)
and climate change period (RCP scenarios)

RCP 4.5 RCP 8.5

Symbol Observed —
2025s | 2055s | 2085s | 2025s | 2055s | 2085s
Res. A 4,830 3,994 | 4,074 3,994| 4,168| 3,832| 4,456
' (727) (724)| (823)| (818)| (814)| (895)|(1,034)
Res. B 1,822 1,506 1,537 1,506| 1,572| 1,445| 1,681
> @) | @3] G| G| G| G| 390
Res. C 2,697 2,230 2,275| 2,230 2,327| 2,140| 2,488
e @06 | @ov| (60| wsn| uss)| Gow| G677
Res. D 898 743 758 743 775 713 829
' (135) (135 (153)| (152)| (15D)| 167)| (192)
Res. F 316 216 230 217 258 241 293
' (71) (52) (54) (53) (61) (52) (74)
Res F 940 643 686 646 767 719 874
: @2 | ass| asn| 59| 18| 15| (219
Res. G 410 280 299 282 334 313 381
> © | 60| a0 ©| 6| 68| ©e)
Res. H 3,580 24471 2612| 2460| 2920| 2,735| 3,327
' (806) (586)| (614)| (603)| (694)| (590)| (835)

% Units: average (10°’m’), standard deviation in parentheses
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Table 6 Water supply vulnerability assessment based on
RCP scenarios in Res. D

RCP 4.5 RCP 8.5

Factors | Observed

20255 | 20555 | 2085s | 2025 | 20555 | 2085s
pws | 100 [ o] o] 9] | 925] 982
) (108) (65) 98) | (144)| Q07| (118 (144)
vt | 2202 | 2760] 2845] 3a04] 2710] 301 | 3008
o GoD | 898 | 787 [(1,272) | 727) | (1,047) | (1,075)
1473 | 2147 2295| 2779| 2077| 2478| 2323

Overflow _
©15) | ©19| ©2D (1,354 | 773)](1,106) | (1,147)
B TR 808 | 743 78| 73| 75| 73| s
' 135 | 13s)| 13| 52| asy| aen| 192
N 131 ] 72| 1e4| 18] 161 212 153
‘ 173 | 10| 18| 09| (86| Q04| (0
D. Z-index | 0758 | 1151 | 0.904| 0.884| 0.866| 1.041| 0637
EVP | 0224 | 0125] 0183] 0.188] 0.193] 0.149 | 0.262

% 1) PWS: potential water supply, 2) IWR: irrigation water requirement,
3) WSF: water supply failure, 4) IVP: irrigation vulnerability probability
¢ Units: average (10°m’), standard deviation in parentheses

Table 7 Water supply vulnerability assessment based on
RCP scenarios in Res. F

RCP 4.5 RCP 8.5
Factors | Observed — — — — —
2025s | 2055s | 2085s | 2025s | 2055s | 2085s
A PWSY 1,176 990 | 1,033 994 | 1,123 | 1,073 | 1,207
) (118) (14D | 47| (150 | (180) | (1400 | (197)
Runoff 3,430 4451 | 4,660 | 5133 | 3975 | 4,877 | 4,097
WO 19D | 4D | (8200 [(1,23D) | (940) | (1,396) | (1,047)
Overflow 2,614 3,827 | 3,992 | 4,504 | 3,217 | 4,169 | 3,256
(1,227) |(1,022) | (872) |(1,308) |(1,064) |(1,481) |(1,174)
B IWR? 940 643 686 646 767 719 874
' (212) (154) | (161 | (158)| (182)| (155) | (219)
C Wr 236 347 347 348 356 354 333
' (243) (209) | (218) | (218)| (256) | (209) | (295)
D. Z-index 0.973 1663 1.590| 1.592| 1.390| 1.696 | 1.131
E VP! 0.165 0.048 | 0.056| 0.056| 0.082 | 0.045| 0.129

% 1) PWS: potential water supply, 2) IWR: irrigation water requirement,
3) WSF: water supply failure, 4) IVP: irrigation vulnerability probability
% Units: average (10°m’), standard deviation in parentheses
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