ABlrESR

Vol. 17(2), p. 62~70, 2012

J|Swatel S MFXY SUSTo| F8Y BS wek()
S5+ - HBE
FpolEPA} FolEaAT

An Appropriate Utilization of Agricultural Water Resources
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ABSTRACT

Rainfall, on Jeju Island varies regionally in relation to Mt. Halla with higher rainfall within southern area and lower in
western area, and its variability is expected to expand according to the climate change scenario. Non-parametric trend
analysis for rainfall, using both historic (1971-2010) and simulated (2011-2100) data assuming the A1B emissions
scenario, shows regionally increasing trends with time. In perspective of agricultural land use, area for market garden
including various crop types with high water demand is increasing over the Island, especially in the western area with
lower rainfall compared to southern area. On the other hand, area for fruit including mandarin and kiwi with low water
demand is widely distributed over southern and northern part having higher rainfall. These regional disparity of water
demand/supply may be more affected by extreme events such as drought and heavy rainfall that has not yet been
considered. Therefore, it is necessary to make policies for water resource management considering both demand and
supply in different regions with climate change impacts over Jeju Island.
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Fig. 1. Analysis of hydrology according to climate change
(modified from CCIC (2012)).
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Fig. 2. Regional classification of Jeju Island based on
administration unit with statistical downscaling grid (10 km x 10
km) drawn by dotted line.
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SAIA dAlS(statistical downscaling) <1 PRISM
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< 10 km AAPgl thgh A2E Algsial ArkFig. 1).
# AFellMe= SRES 247Ks vl AU e F 54
gk UALe] AURA SESHA] $aL BE oUAAS
T@Hog ARt 7ol we AIB Apgdl] thsto,
SAA ZdAstl ol AlEE 10 km x 10 km 2R
gk 210037k 9 7PdeA dSA 3T, Hale,
HA71E, F71e, BsE)E o8-8t ol E4
Age 2F A7) SRl slidshs ARl tigk 7Vde
2R, B AFlXE T 2009 APl s d5E
H 7Pda sl diskd A5 A4S AAISItHFig. 2).
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AFAY 2AspeAl gt 71 iste] ks Al
At ARIHAR, FEAET} TRk A 2700]
ARE RS siRkReel digt 4 Axs stk
FANEE EEE A ek Ablo] widkel A3 Q1
FFoZ TR 7157} wilg- td2H, A 71953
W] 54 ) SE AR o REE AATAR] ] A
=9} FFE(El Nino and southern oscillation, ENSO)
=+ 10d 719 B¢ s (interdecadal pacific oscilla-
tion, IPO)°] PFS A& o= Wl Qltk(Mullan et al.,
2002). =3 71584 HAESAEE oF 6,500714004
1850 o= 57} A= o™, @All= 60071
& ode] 7S HSAoA VAR ARTF SAEIL
At 719188} G5 Avks FAR] A sigske
7482 A tisled 21000714 SRESol| W zkz}
o AU e ¥R 7% FH |, HATE, FiTlE,
35, AUEE, HEEAL 35 5) dEAF 9E %
g e Iy HA} ol FEE Al Uk
(NIWA, 2012).

E AFex A9 ke wERE B S
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A oll AUA|A o]E3HA] ol BE dyAdS o
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Z¥z} 0.2~2.0°C(ET 0.9°C)9F 0.6~5.0°C(HET 2.0°C)2
e, e 7IRE SOl AR A7 -3-9%H T
2%)9F —3~14%(C3 4%)2 AIRE Al we) AdeEo]
Z7le AR EAEATHZemansky et al., 2010). T
Sk AFAS tiZol digh 71%Hske] J3s A5
3t ARE ABEL AFAY FHY V1,
ASAR I, &, Sk, BdEAL s, 5
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9 7 AR oSE I Hu 2 HALEe o
W A5 Ago|t). oljgt AT ASARES o831
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3] BEARE BAS 2y, AElkedle JAFo=
W= 0= UERATH(Song
and Zemansky, 2012). 212U Hs5H Aso] MR-
ol Wzle} FAKE ASZ(12+24mmAd) g e
a1 QAR APt A4 wRA o R st
o we}, vI%=44 (non-parametric) AT 4 WPHS
o] g3le] a4 WHalo] w2 X359 HEE B8
ot A 2% A i A Ak s
o] Ve v, 99} tigse] Afolle shdshe
o2 Yepton WHIEe 1.1+ 123 mmMaAeE H}
HAT E=g X[Elee] WMt s sl w2
g Aol YUehar sEdfrde] ofF 25% s A
o= VRl wet, 71eRste] o5k Aslae] Wl o
g )= =do] "edt Aow deiFt

el

3 = AT
A Z3eare] eke Ay Wl tlEo] AdAQl B
WP} Fasict. e o] 4% Wske w4k Al
i Fejoll gt AEAQ1 FH2H3 (vulnerability)] 7] )
ol (O'Brien et al., 2004; Kingwell, 2006), #A|5A|<z}
2o] gEke FA0E sy} skl s
T BAZHFE v A8 A 3ol uigk A
A1 7 BAo] Fasitt olefgh EAdls 7REoly
AT} 22 FAPH(extreme event)?] AJ7HS] WHE
7Fs ¥t olug}, A (intensity)®] WH3E} SAle] $RE
2 5 Q7] WFe] T 2ol tidk FEQ HES F
L83F}Fig. 3).

AFAS 4320] 7VIASAEl gk L A=,
Uss 2 7IRA8E o83l HIESE FARAS A
Alg A}, Agake] Azt wsle #AS7ITte] A A3t
A%(2007~2011, 447HS AlLIHH 0.03~0.71 mm/d ¢
FIAE FAR SR Fenlgh Aoz FAEITKTable 1).
L disEe] A9ols ARG S AlQslal -0.2 ~
—-0.4%M0F 7w AT 7122 0.02~0.05°C/ 7
Fohe AoR FAH wEt 100d o] L 7S
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Table 1. Results of non-parametric trend analysis for rainfall, relative humidity and mean temperature at four stations in Jeju Island with

historic monthly data (1971-2010)

Sen's test Mann-Kendall test
Stations
Slope median Min Max Trend S? n Pro® Trend

Rainfall (slope: mm/year)

Jeju 0.03 —-0.04 - U 450 480 0.90 -

Gosan 0.71 -0.10 - U 2254 276 0.14

Seogwipo 0.48 -0.14 - U 4549 480 0.20

Seongsan 10.32 -10.76 - U 98 48 0.39
Relative humidity (slope: %/year)

Jeju -0.35 - -0.3 D —40363 480 0.00 D

Gosan —-0.35 -0.22 D —6679 276 0.00 D

Seogwipo -0.20 -0.15 D —22065 480 0.00 D

Seongsan 0.67 —-0.78 - U 86 48 0.45 -
Mean temperature (slope: °C/year)

Jeju 0.04 0.00 - U 5189 480 0.14 -

Gosan 0.02 —-0.08 - U 557 276 0.72 -

Seogwipo 0.05 0.01 - U 7086 480 0.04 U

Seongsan 0.22 -1.18 - U 24 48 0.84 -

D =downward, U =upward
“Mann-Kendall statistics
bStatistical significance

Intensity

Season (a)

(©

Fig. 3. Possibilities of the quantile shift of seasonal rainfall den-
sity for change in season (a), change in intensity (b), and change
in both (c) (modified from IPCC (2001a; 2001b)).

ek BRG] BARAS AAEIT B4 2y 5w
T} 719 At W= HAFoRE 247} 2.03~2.43 mm/
Wik 0.04°C/d sl ZloE EAE wet AR
Hlwsle] 2100390 Zk2F oF 200 mme} 4°C S7FkR= A
o2 5K Table 2).

e ArEe] Aee A AEs vlel o) Ad
HAPAY 7Fs7d0] 7] wiEell, @AY A 7L
FTT71(68~99) 717l thsted 43ollx BSH et
afe] fedH=E :ILTO}OE] ASE I BE st
ST Fig. 4) 7] ¢ T WES 2100
A7EA] 15209 5719 Huligke]l Yeh b=t (Fig. 4(a)),

ol vt X3 R tisEA]] VIS RE &
ol =F%&(arctic oscillation, AO)°] Z3}== FA<]
S Hh= Zlo g AHETHGong and Ho, 2003). &
HTE0] A0 WiEAo] S71E wet ikEe ok
7|%Hgke] Mg AlFA|Ye
o] AR FEE WA & ok T g A

dZx)8l FAREE o83t B Ad A==} AAE
T=4o] A FA AFgE B4E FU%(median value)
Y7} 836 mme} 963.5 mmeIH] HISIY, |G o]&
st BAE 5y GBS 24 1,119.2
mmet 1,130.1 mmZ A 7l FiiHos A=
Zolev Ao YEeRTE. olof| vlg)] ik} it B35
29 75 A A5l gk FLEE 44 615.8 mm

o

o

ot F.?‘J o2 o_>L

SEEIR DGR

=) rUE oX,

rlo

¢} 1,022.6 mmZ, d=Zgke g AlkE = H;E°1 Z¥z} 654
mm&} 1,015.6 mmol] WIS 2 WHaP Q= A= et
ThFig. 4(b)). T3 €3+t 53 ISA=E % Hoizk
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Table 2. Results of non-parametric trend analysis for rainfall and mean temperature at 20 grid over Jeju Island with A1B simulated

monthly data (2011-2100)

Sen's test Mann-Kendall test
Regions
Slope median Min Max Trend S? n Pro® Trend

Rainfall (slope: mm/year)

Eastern 2.43 0.83 - U 731 90 0.01 U

Western 2.39 0.88 - U 727 90 0.01 U

Southern 2.03 0.51 - U 623 90 0.01 U

Northern 243 1.12 - U 867 90 0.00 U
Mean temperature (slope: °C/year)

Eastern 0.04 0.04 - U 3075 90 0.00 U

Western 0.04 0.04 - U 3109 90 0.00 U

Southern 0.04 0.04 - U 3085 90 0.00 U

Northern 0.04 0.04 - U 3027 90 0.00 U
U = upward

“Mann-Kendall statistics
bStatistical significance
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Fig. 4. Trend of total amount of rainfall for four regions (a) and
comparison of rainfall amount between historic and simulated
data during rainy season (b).
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FHEo] FAES] A Fele 7R oE 7l
Feel 4%, I7F B9l BAZR] ¥l e ARt
PrE W3l 59 Fa3F Q0159 os) Bzl gk
S Riet) olejsh BRE A o] Wsle 858
Zol A ASleARde] G849 e - T e W
3Pt Feate]ojof gt wEbA] RekrAkde] a9t F
Felo] Wil 7edS a3k flsk, AFAY WA}
Y] APEE F2E Al FeE WA FAE
Al ol flsle] FHE AN FEE AFEE
(grain: V|, W5, I T/, AFH), AEAENEE
(market garden: 72}, e, EnlE, Qo] THl 9|
AFA] %), 3KIAE (horticulture: H3He, E315F, U,
WHER 5) 2 FAF(fruit: 7, IRINZ, 92, 719
TE TSI

YA F23 FAE A Feol] w2 Ex|o]g WA
< 10,484~13,324 ha® HSHZ H|W2] 1=2HA FESh=
Ao 7 YeRdtKTable 3). LU 8 Q3R] Ath
07 F2 AAE|RIEe] B WAL TR AHEAY
o] 79 747} 5248 ha®t 4,937 ha® HAHZ 9] 4299}
38%= UEhdol wet, 57} FHA]Ye] Zb2t 2,854 ha
9} 417haQl AAHAHY 27%S} 3%l Blaf WS¢ =&
Ao 2 YEPITHFig. 5).

olo] HJ3)| 8 o]&=e] FHoE AL HAF] 4
- SR} A9 A9 ZF2F 5,555 hat 11,034 ha=
AR Azl 53%9) 83%2 XA|Sh= Wi, Tk
MERHe] Bolle 22t 2,544 hadt 2,154 ha® A<

0



7Fssl BRG ATAS BU8e] B84 B8 K0 o

Table 3. Land area for main four classes of land use in 2009 (unit: ha)
Region Total Grain Market garden Horticulture Fruit
Eastern 12,517.6 4,639.5 5,248.4 85.7 2,544.0
Western 12,955.2 5,840.3 4,937.0 24.1 2,153.8
Southern 13,324.1 1,764.0 416.8 109.6 11,033.7
Northern 10,484.1 2,005.9 2,854.2 68.9 5,555.1
Total 49,281.0* 14,249.7 13,456.4 288.3 21,286.6

*These data show some discrepancies due to the difference of data source.

Western area

Northern area

Southern area

Horticulture

Eastern area

Seongsan

Seogwipo

Matket garden

10 20
Kilometers

Fig. 5. Distribution of main four classes area of crop type for each region.

20%S}F 17%e0 Blsf AhEoZ uj$- =& Aow eyt
o} whebA], R 7S 8¢ ol&io] wig- AL
o] ZA|gh= vlgo] oF 98%21 AL yEHsAAIFEAA
T, 2009), S5} WA 8 Qo] TR} A
FA| Aol vlaf FriHoR ws AoF ket

Table 4= AFAGY FJLe BHslS s A
H] Feljol] w2 Ex|o]g WA Hsls Alst o=z, |
b Al S ARERE-S 197199 HlE)] F43 1A
7F JEPARE APdAefRtE-S x&H oz S7lsle Ao
2 YERITHFig. 6). ol2st W3} FAle 22Eol Bl
3 sp3l B AVIANIERE] e DeIApm] EAel] S|
qojFog A5l Eia1, 87 o]8FE oF 60% 27| Wl
Fog BAEthEHAE 9, 2012). AFEEAX =] 7
5 oA AEEE o8I e SRke] gkt &
Al At A AFEet Al wEdES] A9 |

m’e] Aol 8ol tigk el Az, sl

Total

Land area (ha)
N
o
o
o
o

Market garden

Horticulture

0 T
12/31/71

T T
12/31/91 12/31/01

Date(mm/dd/yy)

Fig. 6. Annual land area variation for main four classes of crop
type over Jeju Island.

T
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Table 4. Annual land area variation for main four classes of land use

N

2%

(updated from JDI (2009), unit: ha)

Year Total Grain Market garden Horticulture Fruit
1971 58,329 49,874 2,613 - 5,842
1975 61,163 47,443 2,785 - 10,935
1980 56,734 39,144 3,426 - 14,164
1985 57,885 30,023 10,607 - 17,255
1990 58,692 28,772 9,683 - 20,237
1995 55,786 22,662 11,166 - 21,958
2000 56,535 15,227 14,604 408 26,296
2001 54,918 15,231 13,361 434 25,892
2002 55,290 16,727 12,438 442 25,683
2003 54,317 13,894 14,986 416 25,021
2004 51,579 13,903 14,755 433 22,488
2005 56,392 17,590 16,470 471 21,861
2006 54,145 16,350 15,639 347 21,809
2007 51,958 14,539 15,312 343 21,764
2008 51,509 14,285 15,504 351 21,369
2009 53,354 16,349 15,431 286 21,288
2010 54,062 16,014 16,602 264 21,182
] - 500
s
g g | Western\ L g
t S - 1000 3
Q =
g § R Southern i g
ko g = 1500 g
-~ : 2 2 £ g- E
Fig. 7. Distribution of production wells for agriculture both g‘pe B
public (closed circle) and private (closed triangle) over four 1 2000
regions of Jeju Island .
o : | : | . P 2500
ATA o= o AR thet A5S sk A 1/31/00 1/31/03 Date(ru?r://g?ﬂyy) 1/31/09

- 5 AR mFe x| o7 AT Aog
qZ=H, olgjst FaE A e Hil= 8 o8
o] M3} HieA] ke RHo g dukE)

33. SYEF 0|2 HESI SHHE] st

20119 71F0 7 AFE Aol x] o]g F9 Xk
AL T 485UAE o] T oF 68%%] 33167147} &
B HAFEHAX T FARIER 2012)(Table 5
Fig. 7). 8 BXc HRAGAATAL, 499, H
el 1,620004% 7P 2o whd SRA G, ALk
Aol 20071AE 7P Aok, A|91A7F tE A

3} ge) W ARA @R, Y, Wl 4

2 i
019 oL,

o o o

vk:t:l

18 o
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Fig. 8. Monthly agricultural groundwater use from public
production wells for each region over the past 12 years (2010-2011)
compared to the monthly rainfall amount at Jeju weather station.

= 957N ATF BESPH, EFRAGATFA], heg, 23
) 4567047 B o] T FEEge WA of
27%R] 8847NAE, AMFA|o] 3088 0= 7P B whA
FEAGo] 1175322 7P A}

o8 AETL iF o R At FFHFS o=
At 129 5 Ak g Hitol 87k, Aol
1,046,089 m¥LZ 71 =& wid ER29L 332072
mYEE 7P v Ao ® YePdth(Fig. 8). 18y 3t
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Table 5. Statistics of production wells for agriculture both public and private over four regions of Jeju Island

Regions Total Public Private Regions Total Public Private
Northern Southern
A 167 70 97 SGP 789 103 686
AW 151 116 35 AD 108 48 60
JC 138 47 91 NW 723 75 648
Total 456 233 223 Total 1,620 226 1,394
Western Eastern
HR 112 65 47 GJ 66 50 16
HK 208 111 97 SS 78 32 46
DJ 630 132 498 PS 146 35 111
Total 950 308 642 Total 290 117 173

Table 6. Results of non-parametric trend analysis for monthly groundwater use from public wells over the past 12 years (2000-2011)

(unit: m*/month)

Sen's test Mann-Kendall test
Regions
Slope median Min Max Trend N n Pro® Trend
Eastern 30,254 27,805 - U 6,920 144 0.00 U
Western 73,347 60,420 - U 4,518 144 0.00 U
Southern 66,834 59,764 - U 6,502 144 0.00 U
Northern 93,622 83,429 - U 6,731 144 0.00 U
U = upward
*Mann-Kendall statistics
bStatistical significance
o) ASol= BRx|eo] 821,841 m/AR AFA|e] 42 £

702,043 m*/2 BEot =4 Yehdar, ARAYe] Ho= 4
o] ggo] o] AujFom He 7IkF Foll AFH
o2 7k Aoz YERTh HIRSE SAVHE o
|31 Ak 43z0] A9 9 o] e B
9} ARAGo] 247}t 93,622 m* AT} 73,347 mA=E, TH
A99] 30,254 m¥Eel] BIE| w9 =2 FoZ Yehith
(Table 6). |23t AGH 8 o] 83FS AFAY HAH
o2 PSP Table 4041 AAISH v} o] 8 F78
o] Aoz B APAuIRIEe] F4% Z79} ¢
Eo] 8 o] Audor AL il A
I AXSh= Aoz BAHEL: w3k P 4ud A
Fo} AL SE Al HAe] ol EAE uf
oF Zo], MRAGY] g 85 o] B APAN)
o] Al WAo] HHel GFRx|He] vlg) JiHoR &
2 A% Ao B4 Ars slilske slo® dohE)
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