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A Study on the Resilient Supply of Agricultural Water in Jeju Island by Forecasting Future Demand
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ABSTRACT

Resilience is the capacity to maintain essential services under a range of circumstances from normal to extreme. It is achieved through the ability of
assets, networks, systems and management to anticipate, absorb and recover from disturbance. It requires adaptive capacity in respect of current and
future risks and uncertainties as well as experience to date. The agricultural infrastructures with high resilience can not only reduce the size of the
disaster relatively, but also minimize the loss by reducing the time required for recovery. This study aims to evaluate the most suitable drought

countermeasures with the analysis of various resilience indices by predicting

future agricultural water shortage under land use and climate change

scenarios for agricultural areas in Jeju Island. The results showed that the permanent countermeasure is suitable than the temporary countermeasures
as drought size and the cost required for recovery increase. Wide-area water supply system, which is a kind of water grid system, is identified as the

most advantageous among countermeasures. It is recommended to evaluate the
Resilience Indices for reliable assessment of long-term effect.
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capability of agricultural infrastructure against drought with the various
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AEA| A L}F HAE FHEel wHe S vAA "ot
(O’Brien et al., 2004; Kingwell, 2006). 7= S<=of H|3f
AR A o1l ojZo] 7153t 5 Q olo|A|uk HAA o=
wj3) wel7k Eele Eo] Slek (Kim, 2016). 53450
Ao) FHBATe SR oR WAL, SaE A 7
2 9 g S| ofelg o AE] 1o A4t
= =AY U= qel 5 AElA Qgom st (Ribot
1996).

ALle] GRS AJ3i] SJESRe AL FHEd] 55
ZloFs}c) (IPCC 2007; Bates et al., 2008). 3] Xﬂ Tl 3}
O] RB% o e Alslro] &S| wjze] 7] Rste] ukE
712t 1 gl dhal A4S T AT Bagk Aol
E‘r (Song and Choi, 2012a). A|lFEE A5 H|s|] ko]

BEx]ul 3IAA 0 B A B o] o FHolz Flaloke
JJeho5 Elo] ge] F 753 oF 2]
of 4Aele] Tjrio] Ajsie Wl REEe 540 oot
(Jung et al., 2009). AlF==oflA A sl 394 oF 65%°
o] FU& AeollAl, 2L 5P| T W= A7t
ol bR S0t AR A 855
FE 918 459 Rl FE5HT 9tk (Seo et al
2019). AlFles SAEE AR A S/4d0] Aolste
AR 2R AL] o7k gron, olo] w2 Fegs Fa
S A Az 2folsh ol Lehdth (Choi et al.
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2013). wheh] AFE 9] HRolAe] 7 TsS 2 ask
71 S, AL A 248 0 vl el A
Q) w8pIAel 7k W oA AR 4o ol SRl
wfebA, ole] 9174} (Holling, 1973 NIAC, 2009~ Vugrin
et al,, 2010)= AH2e] 2719} XEAZS &0l 58S AT
skel7] ffsl Bl=eEA (resilience) 7HES E=UsHICH
Vugrin and Camphouse (2011)= 2+ As)|9] =39 =&
ARAZ Bk ohjeh Bopo] £ashe A B0l AfElA
ENE A4 g8 sugiey 2ao Bane st
Tk Yu et al. (2012)= Asfje]] w2 wjsfjH]-g-at EH-11]-8-9
3o sluekey vigo Holala AR ole] Afart
ool ASj2pl U8 Sk Mgom B A
o U, e TalE Al 9l 4REhe veS B
Ju]go 2 Aolatelr). E3| Park et al. (2018)2 <>,yw7]
HEALE Fofol 2tAAsol oJgt TsiE A17A1717] $1%F o
oFst L2 A ot (structural alternatives)©] 3]EEHeA] S
F8t9it. SR Kim et al. 011) Aol 23jal A}
A5 E7Fse AeiE Htohs Wk vhHE el = vt

24 dfQtoll thgt 27} Fasirial skl
9o} Lol 7| 3wstof| thet Ak FoH EA41} 3lEg
ol et A7t ThekskAl o] FofA|aL o, A&
T2 0]8sl= s8-8 I SHH R Rt At
FE5 AAoltk of&e] 7| $Rstel EXo] g ste Qlgt
7he TBiE alefste] SlEREAS Ao R ks A4
£ ghotr 7] ot} 7|& Aol A 7| 5HS} AUE|eE
A ]-o:] B 71, ST 59 sl uE w98
HZaES A5 g9 .7?:73% %] 01} (Song et al. 2012b),
o= EAJo| gl 2 w8l ARAQ FFe =
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AFwe] 39 SARe} 2ol e A1F 8 44 54,
el AP B Gl she] glo] A4aleh 2 A
9 Aol ofel B4 Zh T ik iR AL o
ko 2 WESARE AAIsH0] A9 g7 whio] o
o] g A5l ofEshe Agolth AEEY] S
© $7] El 3% 4 Al REEE BAo] lom, BRI
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|FHet ALIZ|L
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o s AEAS] A9, A% AL EAL 2
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AFEe] o8 5o vk a ] HEO. loof| H|3| 3 Aol AAstal FAAF2E LSl 71E
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ol 24 152 E8t HFE =PES 3ZEHE ZZ Woto #st A7
] (Resilience Ratio, R), A&7FsA A% (Sustainability 58 A2 28]l 2ol A7t dalata e o (7H2o
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7} 3=2EIA
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Fig. 2 Result of climate change scenario analysis in Jeju—island
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S| BE A9ox] AHAS R Zlo] 07 oo AbY AR Al WAL Fig 49} o APFERIck ASAIe) A7)
so] 28] gl ACR et =0 WAL wol Wy EA BE FHA (A} MY W WAg nygon, 1
of Hlsl AAs] A Aoz vehton, Wl A9 AlAlet o R 4, F, 7 vhso] Aol & Alow 24
AAZAl B od oF 0.5% S7Fhe A1 2olek 19} Ak
BITEE A7 B ARRS OF 04% Ak 2A1E kY
o} (Fig. 3). 7L Axk, A=A @A (201949) 2 ]2 (2050)
60,000 60,000 -
i Paddy (ba) Upland (ha) 4 Paddy (ha) Upland (ha)
% Forest (ha) Orchard (ha) % Forest (ha) Orchard (ha)
50,000 A SEISUUN 50,000 xxxxxKXXxxx
T Ss00000004 R2=0.9852 xx”ny"XX’<><><><><xxxyxxxx\,x
40,000 40,000 R*=10.976
) )
£ 30,000 R*=0.8617 £ 30,000 R?=0.7059
< =
20,000 20,000
R:=0.9592
10,000 Ri= 0.9495 10,000
Aok st Aok A o ok ke ke o A e Ak ke R-08848 0 Do etk s s i Ak ok ok o ko ok Re=073H
1980 1990 2000 2010 2020 2030 2040 2050 1980 1990 2000 2010 2020 2030 2040 2050
Year Year
(a) Jeju—si (b) Seogwipo—si

Fig. 3 Result of landuse change analysis in Jeju island
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(m3/day) capacity (m3/day)
Division (m°/day)
Present Future (2050) Present Case Present Future (2050)
(2019) RCP 45 | RCP 85 (2019) (2019) | RCP 4.5 | RCP 85
Regional supply 386,353 | 329,579 | 344,098
Total 1,241,607 | 1,193,261| 1,212,519| 989,731 -
Wide area water supply system | 321,894 | 273,581 | 291,684
o Regional supply 142,087 | 114,418 | 120,630
Jeju-si 536,692 | 504,409| 512,583| 477,934 -
Wide area water supply system | 128,776 | 96,526 | 103,545
. . Regional supply 244,266 | 215,161 | 223,468
Seogwipo-si | 704,915| 688,852| 699,936| 511,797 -
Wide area water supply system | 193,118 | 177,055 | 188,139
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Table 2 Amount of water supply capacity and installation cost in Jeju island

Water supply capacity Installation cost
Division Structural (m3/day) (one hundred million won)

alternative Present Future (2050) Present Future (2050)
(2019) RCP 4.5 RCP 8.5 (2019) RCP 4.5 RCP 8.5
o | o e | me | e | ew | e
P 21442,’200993 (11114,’44422(; (11220,’06;3(; 28,560 22,9% 24,241
Jeju-si LTW 1‘(11252(;0 1 :15228())0 1 f:;;?o 2,888 2,339 2,468
SWD 14‘(1(’5200 12(()5())00 14?('3())00 3,270 2,725 3,270
WAWSS 15343())0 9(7153)0 1(()?1‘:5())0 4,087 3,065 3,292
o | | me | e | e | s
= (22444,;12277(; (22117 %8833(; (22223, 23277(; 49,008 43,784 44,917
Seogwipo-si LTW 2‘(1;72(;0 222842())0 2?;4:;))0 4,972 4,442 4,552
swp | O a0 0000 |y |
WAWSS 1 ?;2())0 1 Zg?;())o 1 ?31%?0 6,102 5,591 5,960

* STW: Small Tube Well, PD: Pond Development, LTW: Large Tube Well, SWD: Surface Water Development,
WAWSS: Wide—area Water Supply System

Table 3 Resilience ratio of each structural drought counter—-measure

Drought damage Installation cost Resilience ratio
s Structural (one hundred million won) (one hundred million won) (R)
alternative | prasent Future (2050) Present Future (2050) Present Future (2050)
(2019) | pcp 45 | RCP 85 | (2019) | Rcp 45 | ReP 85 | (2019) | Rep 45 | RCP 85
STW 19,892 22,884 24,126 49,731 40,047 42,221 0.40 0.57 0.57
PD 19,892 22,884 24,126 28,560 22,998 24,247 0.70 1.00 1.00
Jeju-si LTW 19,908 23,040 24,300 2,888 2,339 2,468 2.30 3.28 3.28
SWD 20,160 24,000 28,800 3,270 2,725 3,270 2.06 2.94 2.94
WAWSS 19,908 23,040 24,300 4,087 3,065 3,292 2.22 317 3.17
STW 38,105 41,821 41,565 85,493 76,237 78,215 0.45 0.55 0.53
PD 38,106 41,823 41,565 49,098 43,784 44,917 0.78 0.96 0.93
Seogwipo-si LTW 38,188 41,990 41,682 4,972 4,442 4,552 2.56 3.15 3.05
SWD 41,184 46,080 44,640 5,995 5,450 5,450 2.29 2.82 2.73
WAWSS 38,188 41,990 41,682 6,102 5,591 5,960 2.47 3.04 2.95
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Table 4 Sustainability ratio (S) of each structural drought counter—measure

Reliability (Re) Resilience (Rs) Vulnerability (Vul) Sustainability ratio (S)

o Structural Future (2050) Future (2050) Future (2050) Future (2050)

PV atternative | PTESENt o op T pop | PreSENt s T aep | PeSeMt e T ace | P Tace [ e
(2019) (2019) (2019) (2019)

45 8.5 4.5 8.5 45 8.5 45 8.5

STW 0.87 090 | 093 0.40 0.57 | 0.57 0.74 0.77 | 0.76 0.66 0.74 | 0.75

PD 0.87 090 | 0.93 0.70 1.00 | 1.00 0.74 0.77 | 0.76 0.76 0.88 | 0.89

Jeju-si LTW 0.87 090 | 0.93 2.30 328 | 3.28 0.74 0.77 | 0.76 1.29 164 | 164

SWD 0.87 090 | 0.93 2.06 294 | 294 0.74 0.77 | 0.76 1.21 152 | 153

WAWSS 0.87 090 | 093 2.22 317 | 317 0.89 095 | 093 1.31 166 | 1.66

STW 0.40 087 | 087 0.45 055 | 0.53 0.65 069 | 0.68 0.49 0.69 | 0.69

PD 0.40 087 | 087 0.78 096 | 0.93 0.65 069 | 0.68 0.60 083 | 0.82

Seogwipo-si LTW 0.40 0.87 | 087 2.56 315 | 3.05 0.65 069 | 0.68 1.19 155 | 152

SWD 0.40 087 | 087 2.29 282 | 273 0.65 069 | 0.68 1.10 144 | 1.41

WAWSS 0.40 087 | 087 2.47 304 | 295 0.73 074 | 0.73 1.19 154 | 1.50
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Table 5 Robustness—cost index (RC) of each structural drought counter—-measure

- Present Future (2050)
Division tructural (2019) RCP 45 RCP 85
alternative
RI Cl RCI RI Cl RCI RI Cl RCI
STW 4.41 0.05 0.23 5.23 0.06 0.34 5.01 0.06 0.31
PD 4.41 0.09 0.39 5.23 0.11 0.56 5.01 0.10 0.51
Jeju-si LTW 4.41 0.49 2.15 5.24 0.54 2.83 5.02 0.53 2.65
SWD 4.42 0.46 2.02 5.28 05 2.65 5.22 0.46 2.38
WAWSS 4.77 0.40 1.92 6.02 0.47 2.85 5.68 0.46 2.59
STW 3.13 0.09 0.27 3.41 0.10 0.33 3.32 0.09 0.31
PD 3.13 0.14 0.44 3.41 0.16 0.53 3.32 0.15 0.50
Seogwipo-si LTW 3.13 0.62 1.93 3.42 0.64 2.20 3.33 0.64 2.12
SWD 3.21 0.57 1.83 3.42 0.62 2.1 3.40 0.59 2.02
WAWSS 3.69 0.57 2.09 3.93 0.59 2.31 3.76 0.57 2.15
R Y R .
4 - . o STw
4 +I§1?I§ ——LTW
WD SWD
—WAWSS —— WAWSS
RCI ~ g RCI ~. s
(a) Jeju—si (present) (b) Seogwipo—si (present)
P R —— STW —4—STW
——PD ——PD
—a—LTW —A—LTW
SWD SWD
——WAWSS —— WAWSS
RCI g iy < ~
(c) Jeju—si (RCP 4.5) (d) Seogwipo—si (RCP 4.5)
R ——STW R ——STW
4 ——PD 4 —=—PD
——LIw ——LTW
T WAWSS ’ SWD
——WAWSS
RCL ~g RCI g

(e) Jeju—si (RCP 8.5)

(f) Seogwipo—si (RCP 8.5)

Fig. 5 Resilience index (R-S—RCI) of each structural drought counter—measure
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