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ABSTRACT

Floods are one of the most common and frequent natural disaster events in
the world. It can lead to very serious loss in terms of lives, agriculture, buildings,
roads, and infrastructures on the national level. In recent years, flood damage
has been accelerated due to the effects of global climate change and abnormal
climate phenomena. However, with the advancement of computer technology in
recent years, the speed of computation has accelerated, enabling the prediction
of a certain level of climate over various time scales. This is called seamless
prediction, which is a concept of securing a certain level of predictability from
the very short term to the very long term of climate change. Well-known abnormal
weather phenomena such as El Nifio, La Nifia and Indian Ocean Dipole can
especially be used as the main information in determining the long-term variability
of water resources. Due to the seamless prediction technology, the approach of
flood disaster management is gradually becoming diversified and refined. Seamless
predictions can serve as a new paradigm for the prediction of long—term flood
risks, and are increasingly expanding the range of preventive and prepared roles
to ensure an effective lead time for flood disasters.

This study performed the mid- and long—-term flood risk assessment using
predicted climate information through the statistical-dynamical models, and carried
out the utilization plan for Korean local governments. The study processed the
Automated Synoptic Observing System (ASOS) rainfall levels from the Korean
Meteorological Administration (KMA), and its weather information typically used for

flood risk assessment. The study also collected and analyzed geographic information



system (GIS) data for terrain and spatial information. In addition, nonlinear correlation
was estimated using the teleconnection between the climate index and hydrological
variables, and the possibility of time series prediction using the climate index was
diagnosed. Furthermore, monthly rainfall forecasting in local areas was carried out
by constructing statistical forecasting models (e.g.; AR, MA, ARMA, ARIMA, VAR)
for each region of Korea. The predictability of each model result was examined by
taking ensemble members. The Multi Model Ensemble (MME) prediction information
provided by the APEC Climate Center was used to predict the monthly precipitation
using the dynamical climate model.

Next, for the flood risk analysis, a Delphi-Analytic Hierarchy Process (AHP) method
was used from expert surveys to develop the flood risk index, and to calculate the
weight for each index. In addition, the long—term flood risk was analyzed for the
Korean 243-local governments, and used a number of GIS layers that were generated
in a digital format to analyze flood risk and vulnerability. In order to assess flood
hazard and vulnerability, the hierarchy of the integrated flood risk index was assessed
by separating several criteria and indicators, which include hydrological hazard,
socio—economic exposure, and socio—economic vulnerability. The indicators were
classified, standardized, and weighted, and then were combined to gain the
integrated flood risk index map. Different levels of flood risk were defined to be:
(1) “Very High”, (2) “High”, (3) “Medium”, (4) “Low’, and (5) “Very Low’. The
integrated flood risk index confirmed that there is an increasing tendency of risk
in the recent period and also that there is a somewhat increased tendency of risk
in the case of the Central Pacific El Nifio period. When forecasting the summer
(June to September, JJAS) integrated flood risk in 2016, it is confirmed that the
integrated flood risk increased from June to July, and that there is decreasing
tendency of risk in August and September in Korea's central region. However, in

the southern region, there was high flood risk in June, especially in the southern



coastal region. In July, the flood risk decreased overall, with the exception of a
part of Changwon in Gyeongnam, and increased again in August and September.

Based on the results of this study, several lessons were obtained regarding the
enhancement of policy standards and formulation of measures, in order to reduce
long-range flood risk in local governments. The results of this study are expected
to provide useful data for reducing flood risk to stakeholders and decision makers.
Finally, the long-range flood risk forecasting in local areas can propose the possibility
of mid- and long-term planning and forecasting of flood risk for the management
of water resources for one to three months of seasonal forecasting information.
It can also be used as useful forecasting information for acquisition of lead time

in reducing the impacts of disasters such as drought and flood.

Keyword': Integrated Flood Risk, Long-Range Forecasting, Statistical-Dynamical

Model, Korean Local Government
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1. M2 |

Aol thlste] Sistel MR 18T} AR 15

& AL WlEE Fe5E Bkt

LR AHP 42 AA[SHY

ol

Rt 2 A (Hazard)= 917 Risk)= 9] 2710] =, FeMd (Vulnerability)
T 9] 71 Aelol] sigEal, Hdes 1 Ay & S ot (Maskrey 1989). ERE
Kasperson et al. (2005)2 & A% 2gH3}o] o3t 7| o5t J3F Hrho=
AFe]-AAA #9FA(Socio-economic Vulnerability) 8912 Aok}t et A AlA
Aoz LAY Hobo] 7|5He} Y= W (risk management) ¥ 7| FHI} FOF
H7Kvulnerability assessment)°] tjgt 1= Gubs] XY Fof Qlct. 7| SHS} of
S(countermeasure) ¥ %-3(adaptation) Al&o] =7} W XA dYZE +Ho| H
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(Anselmo et al., 1996; Kasperson et al., 2005; Wang et al., 2011). & o]
Az 71538 BloA fl® 24 9 FoFd BrIel Bt dFEs HEY Z8
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2. OI7 LS %
2.1 29| Al ZAL
211 0% 71 & &2

o 471 7199E AR AR 282 fsle] 719 ¥ S2(US. Climate
Resilience Toolkit)S 7idolo] AH|A Sl ok https://toolkit.climate.gov/taking-
action/ seasonal-climate-forecast-serves-call-action). "= W Z+ A9 500{99] 7]
FAdEoF FHAE0] F714Q RS Foto] o|7|Fet AdAs) HAPE(E
=01, ol 12 5ol o3t & 52 A4l WE 799 FEF SV 25T, ol
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2.1.4 B= 718 SS0IE AIAH

= 714 (Met Office, http://www.metoffice.gov.uk/)> 200749 & =
T2 Qlste] FAH o] 6o o|2= gt Hofjrt WAYsto], 2o AFE
&oto] FF AE AAHE Adsteh. @es] AedRte®E A9 & Qe oY
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222 G7 Y A=

2 Aol AMSS ARe I HEY AY seHlE Auet A AT A
=R, 7|13 AsBAXRE, APCC MMEANR, HIE 7|ATEAR, SER 27t
FAYTE FAFEAARAR, 5 CCCISAR, BAY 7MEAEExE, A%
Al 7128AA=E, DEM ¥ GIS#Hd A= Soltt. E3F ZF AR (Yo, &4,
FHorddE 71-8 T A=t AF-BA I ARE S5t AMESteH,
FAARA &4 th2 Table 13 [FF 31 Fag 4= 9k

Table 1 Mg Nz 55

A X2

ofeTRE K= NOAA (http://wawww.esrl.noaa.gov/psd/data/climateindices/list/)

o M XA 24 85 K= NOAA GPCP (URL: http://wwww.esrl.noaa.gov/psd/cgi—bin/data/composites/
printpage.pl)

« 7[2XERIE NOAA CPC (URL: http://wawv.cpe.ncep. noaa.gov/data/teledoc/telecontents.shtml)

« APCC MME Xf=: APEC Climate Center (URL: http:// www.apcc21.org)

o 71, Rl TSI KMA ASOSAIE, AWSAIE

- 235 CCGISAE, HirHEE 2=

o ZER VAR IEREEANWAMIS, http://wamis.go.kr/)

o AN ISR S5 = AW GRDP, Q=72 8)

- DEM % GIS 2 Xz

223 771 A=

2 AFoMe 271 dAY] A D A A, ARE A A HE
F 5 A= flote] YU 71dESA9] AiKHourly) A9 S A=
ARESITt ZF A R T AmEe 71 (Korea Meteorological Agency:
www. kma. go.kr)oM] Alssli= S PIEEAHE] ASOS (Automated Surface Observing
System)oll 93] #SH ARE AMESIRoH, ISMALERE 201549 129 31¢¥
79 AmE Fc " ArERY 4, 9, AE, 2932 d S AmE
FEoto] S gt 240 &ESHeith o, v WA o] BES AIRRE AHES
HZ717F ot B0 A9l ot e, 2002W o|XFH =Tt £tk F 7470

ASOS 7185 ARe dem 242 AP tea Fig. 72 & A7olA A
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Table 2 ASOS A7 s o & 25 A=t
Rigits BE X S0l | 57 gm0l x| ME 7RHHoury)
Station no. Station Lat.(N) | Long.(E) (m) (m) AJRH =z
090 £ = Sokcho 38°15' | 128°34' | 17.8 0.6 1968 2015
095 4 # Cheorwon 38°09' | 127°18 | 1542 | 05 1988 2015
098 s 5 Dongducheon 37°54° | 127°04' | 1125 | 06 1998 2015
099 = M Munsan 37°53' | 126°46' | 30.1 0.4 2002 2015
100 o2t g Daegwallyeong | 37°41' | 12846 | 8425 | 0.6 1972 2015
101 = o Chuncheon 37°64° | 127°44' | 76.8 1.6 1966 2015
102 8 H T | Baengnyeongdo | 37°58 | 124°38 | 1444 | 06 2000 | 2015
105 4 B Gangneung 37°45 | 128°64' | 259 | 05 1961 2015
106 S o Donghae 37°30° | 129°08' | 39.6 0.6 1992 2015
108 N 2 Seoul 37°34' | 126°58' | 86.0 0.5 1961 2015
112 o A Incheon 37°28' | 126°38 | 68.9 0.5 1961 2015
114 ? = Wonju 37°20' | 127°57° | 1498 | 05 1973 2015
115 28k Ulleungdo 37°29' | 130°54' | 2209 | 05 1961 2015
119 > d Suwon 37°16' | 126°59' | 33.6 0.7 1964 2015
121 g 4 Yeongwol 37°11" | 128°28 | 2398 | 0.6 1995 2015
127 5 F Chungju 36°68" | 127°57' | 114.1 05 1973 2015
129 ANt Seosan 36°46' | 126°30' | 25.9 05 1968 2015
130 = J Uljin 36°59° | 129°25' | 494 0.6 1972 2015
131 3 = Cheongju 36°38' | 127°27' | 574 0.5 1967 2015
133 N Daejeon 36°22' | 127°22" | 683 15 1969 2015
135 2% | Chupungnyeong | 36°13 | 128°00° | 2425 | 05 1961 2015
136 oL = Andong 36°34' | 128°43' | 1394 | 1.7 1983 2015
137 g 3 Sangju 36°24' | 128°09' | 99.9 0.4 2002 2015
138 B Pohang 36°02 | 129°23' | 1.9 2.3 1961 2015
140 o A Gunsan 36°00° | 126°45 | 26.9 0.6 1968 2015
143 o+ Daegu 35°63' | 128°37' | 57.6 0.6 1961 2015
146 o = Jeonju 35°49' | 127°09' | 535 0.6 1961 2015
152 2 Ulsan 35°33' | 129°19' | 34.7 0.6 1961 2015
155 oF 4t Masan 35°11" | 128°34' | 374 0.6 1986 2015
156 g = Gwangju 35°10' | 126°54' | 705 0.6 1961 2015
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Rpgeis BS XpY 29| B2 o=l Aol | AR 7RiHourly)
Station no. Station Lat.(N) | Long.(E) (m) (m) AJRH =z
159 g M Busan 35°06 | 129°02' | 69.2 0.6 1961 2015
162 s 9 Tongyeong 34°51" | 128°26' | 31.7 0.6 1968 2015
165 = I Mokpo 34°49' | 126°23' | 37.9 0.6 1961 2015
168 o =+ Yeosu 34°44° | 127°45 | 66.1 0.6 1961 2015
169 sS4 T Heuksando 34°41" | 125°27' | 794 0.6 1997 2015
170 2 = Wando 34°24° | 126°42' | 349 0.6 1973 2015
174 = o Suncheon 35°01" | 127°22' | 165.0 | 06 1973 2015
175 o = Jindo 34°28" | 126°20' | 4766 | 05 2002 2015
184 HooF Jeju 33°31" | 126°32' | 20.0 0.5 1961 2015
185 M Gosan 33°17° | 126°10° | 71.2 05 1988 2015
188 o A Seongsan 33°23' | 126°53' | 186 | 06 1973 | 2015
189 A HE Seogwipo 33°15' | 126°34' | 505 15 1961 2015
192 o= Jinju 35°12' | 128°07' | 21.3 0.6 1969 2015
201 4 3t Ganghwa 37°42' | 126°27 | 457 0.6 1973 2015
202 % 5 Yangpyeong 37°29' | 127°30' | 470 | 05 1973 | 2015
203 o ¢ Icheon 37°16 | 127°29 | 778 0.5 1973 2015
211 e A Inje 38°03' | 128°10' | 1986 | 0.6 1973 2015
212 g A Hongcheon 37°41 | 127°653 | 1406 | 0.6 1973 2015
216 By o Taebaek 37°10' | 128°59' | 7134 | 06 1986 2015
221 H A Jecheon 37°09 | 128°12' | 2632 | 06 1973 2015
226 2 2 Boeun 36°29' | 127°44' | 1741 0.5 1973 2015
232 oo Cheonan 36°47 | 127°07 | 24.9 0.5 1973 2015
235 2 3 Boryeong 36°19' | 126°34' | 15.3 05 1973 2015
236 g2 9 Buyeo 36°16° | 126°55 | 11.3 0.5 1973 2015
238 = M Geumsan 36°06 | 127°29° | 1713 | 06 1973 2015
243 g o Buan 35°44" | 126°43 | 10.7 0.6 1973 2015
244 g 4 Imsil 35°37' | 127°17' | 2469 | 06 1973 2015
245 3 2 Jeongeup 35°34° | 126°52' | 441 05 1973 2015
247 g ¥ Namwon 35°24" | 127°20' | 89.7 0.7 1973 2015
248 2 =+ Jangsu 35°39' | 127°31" | 4070 | 06 1988 2015
260 g 5 Jangheung 34°41" | 126°55 | 452 0.7 1973 2015
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Rpeis BS XHY 29 | =7 o=l Aol | AR ZRiHourly)
Station no. Station Lat(N) | Long.B) | (m) (m) AJRE £
261 of o Haenam 34°33 | 126°34' | 137 0.6 1973 2015
262 NI Goheung 34°37' | 127°17' | 53.3 0.6 1973 2015
271 s & Bonghwa 36°56' | 128°55' | 3215 | 06 1988 2015
272 q9 =+ Yeongju 36°52' | 128°31" | 2102 | 06 1973 2015
273 = 4 Mungyeong 36°37' | 128°09' | 1704 | 06 1973 2015
277 g9 g Yeongdeok 36°32" | 129°25' | 41.2 0.6 1973 2015
278 9 4 Uiseong 36°21" | 128°41" | 81.1 0.6 1973 2015
279 T 0 Gumi 36°08' | 128°19' | 47.9 0.5 1973 2015
281 g o Yeongcheon 35°68' | 128°57' | 94.1 0.5 1973 | 2015
284 "o Geochang 35°40' | 127°55' | 2209 | 06 1973 | 2015
285 g A Hapcheon 35°34° | 128°10' | 32.7 0.6 1973 2015
288 ER Miryang 35°29' | 128°45 | 12.6 0.5 1973 2015
289 A3 Sancheong 35°25' | 127°53' | 1386 | 06 1973 | 2015
294 A A Geoje 34°53' | 128°36' | 45.3 05 1973 2015
29 g o Namhae 34°49° | 127°56 | 44.4 05 1973 2015

* BfEkizo] ¢ 9] dfjet =o](Height of observation field above mean sea level)
* A =0l ¢ LA 9] R4} E=o](Height of rain gauge above the ground)

224 Ep HEST 1=
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Table 3 Calculation of thiessen polygon ratio using ASOS station
ID Name | Thiessen AREA | Thiessen Ratio | ID Name | Thiessen AREA | Thiessen Ratio
90 | Sokcho | 1331526557.1 0.0134 185/ Gosan 348086781.3 0.0035
95 | Cheorwon | 1829384422.4 0.0184 188| Seongsan | 424758827.0 0.0043
98 | Dongduche | 1498863590.4 0.0151 189 Seogwipo | 535793750.8 0.0054
99 | Munsan | 775684514.9 0.0078 192)  Jinju 1749038513.6 0.0176
100 | Daegwally | 2333739773.1 0.0235 201| Ganghwa | 622353040.0 0.0063
101 | Chuncheon | 1879019815.4 0.0189 202 | Yangpyeon | 1577770410.2 0.0159
102 | Baengnyeo |  66751403.8 0.0007 203| Icheon 1763028805.7 0.0177
105 | Gangneung | 491822687.8 0.0049 211 Inje 2631785658.5 0.0264
106| Donghae | 839102176.1 0.0084 212 | Hongcheon | 1762300249.5 0.0177
108  Seoul 1320643247 .1 0.0133 216| Taebaek | 1515425475.1 0.0152
112| Incheon 768453148.7 0.0077 221| Jecheon | 1085452201.7 0.0109
114  Wonju 1576662866.9 0.0158 226, Boeun 1437266759.9 0.0144
115 Ulleungdo |  68403492.4 0.0007 232 Cheonan | 2408487733.1 0.0242
119]  Suwon 1908448062.0 0.0192 235 Boryeong | 1169315116.9 0.0118
121 Yeongwol | 1821237586.0 0.0183 236, Buyeo 1677768935.4 0.0169
127| Chungju | 1891020346.9 0.0190 238 Geumsan | 17742342615 0.0178
129| Seosan | 2253980793.5 0.0226 243 Buan 682037508.2 0.0069
130 Uljin 914854384.0 0.0092 244 Imsil 801387980.8 0.0081
131| Cheongju | 1433960784.0 0.0144 245 Jeongeup | 1675160288.1 0.0168
133| Daejeon | 1270488227.7 0.0128 247 Namwon | 1508011707.0 0.0152
135 | Chupungny | 1765970182.7 0.0177 248 Jangsu | 1278038350.6 0.0128
136| Andong | 1531997245.0 0.0154 260 Jangheung | 1557611900.6 0.0157
138| Pohang | 1489592137.6 0.0150 261| Haenam | 840582796.0 0.0084
140| Gunsan 811068964.0 0.0082 262 | Goheung | 1010404026.1 0.0102
143|  Daegu 1762158670.4 0.0177 271| Bongwhoa | 1499679519.4 0.0151
146|  Jeonju 1393015296.9 0.0140 272| Yeongju | 1485412136.2 0.0149
152|  Ulsan 17461457671 0.0175 273 |Mungyeong | 18864620841 0.0190
155| Changwon | 1336682844.9 0.0134 277 | Yeongdeok | 1630142100.6 0.0164
156| Gwangju | 2461848250.8 0.0247 278| Uiseong | 1741020090.7 0.0175
159  Busan 951752999.5 0.0096 279/ Gumi 1684952262.3 0.0169
162 | Tongyeong |  492970100.3 0.0050 281 | Yeongcheo | 1925530894.2 0.0193
165| Mokpo 1726198734.5 0.0173 284 | Geochang | 1501064026.1 0.0151
168| Yoesu 671816124.9 0.0068 285 | Hapcheon | 1699069324.3 0.0171
170  Wando 484066513.6 0.0049 288 Miryang | 2061360851.1 0.0207
174 | Suncheon | 2022272691.8 0.0203 289 Sancheong | 1370604631.0 0.0138
175|  Jindo 629957537.3 0.0063 294 Geoje 408287228.0 0.0041
184  Jeju 536526842.4 0.0054 295 Namhae | 696865727.4 0.0070
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Region 3 SFH(098), 24H099), MHE(102), AM2(108), 21&(112), +=2(119), 43H201), L
Mz, 0 &) | (202), 0IT(203)
Region 4 £2(090), HA(095), HAB(100), EX(101), 2E(105), S°H(106), B=(114), SE(121),
@3 QIMI(211), BH(212), EH4(216)
Rsdion 5 28X(115), 35(127), 82(130), BF(131), FS3(136), ¢=(136), £&H(139), Ui+
|
g‘:, o | (143), HE(221), B2(226), 88K271), BF(272), 24(273), QE(277), 2H(278), 74
o, 358, 55 _
(279), BH(281)
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A S AR wEoidl
AAE AEHBS Foto] dlge AAlSITh WghE 2E AJAEAtaE SSA (Singular
Spectrum Analysis) 7189 F4EEX(PCA, Principle Component Analysis)&
Eolo] 7|2 d57]9 sigole A4 ZX=E(RC, reconstructed component)E
FE019a, YRR AAECl 7HY ARt RC-16 w2 HIE2E AAYE 5=
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[Original data] [Time series forecasting using statistical model] [Forecasting]
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Figure 10 S/ OIE 2&S E5t APIQ 012 4y DA
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(cO), BRAS(R?), BAAFTLLAHRMSE), 1211 88 QX VE)oIt.
vt o5 AT = F W Afolo] EAoks #AY B4 Aol gt JEE
Attt D5 ST AAE 2Fel ot dlEAne] Aol 71xet SHEA
A9 BAwg Basy] gste] ARARRDE AT BEARY o
7}94 FRRE B A% ATASE Eq. (9 2ol Yehd % 9l
g+ Eq. 3)1 2t
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)
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oX,
)

_ - _ 1 n _ 1 n
oS T AAE Azo|tt ESE 2= gzxto]ﬂ, y= y; oIt}
=1 i=1
, SSR . SSE
B= g7~ 17 557 3

oA7|A,  SST = SSR + SsEold,  S57=Y(x 5—5)2, SSR="Y )z~ z),

$5E=Y)(r,— ) oItk 7 Amo] B o= BER o NSRS oJnlFh
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TS SST (total sum of squares)= SEHHSFL FEAOIH, SSR (regression sum
of squares)= R4 A== BA SSE (error sum of squares):= H o)A
Aol HA| ge #AF & 23S Qujgitt

U202 #S oS Aol diet Atde Bdsty] fiste] duball AR #
2 AR EHE HAAIEZ2XHRMSE, Root Mean Square Error)2] 3} W29 8%
QA VE)YZ AFdsto] Brlsllon, oy Egs. (4), (5)2F Zo] yehd & ik

3 (56— 50,
RMSE = || = 4)

n

viSC’i—viSOi
vE = |2 =1 % 100(%) ®)

3150,
i=1

oA71M, SC= AAL gl oJste dSE EE dls AeFelH, so+= ¥

WE9F, ne AR A4S ulsic,

3.1.3 G5 Zxt

Fig. 112 YAt= A|A|A(observed series), ZF & 2&of 9Jst 7, ., ,,9 A= A]
A< (forecasting series)Z Zt A FHE TAFE Ailo|ty, FANE 2 1442 9
o AREE AAIE AR SSA 7MY FEE RACE 7 AAYE e HEER
23] # RCAREE ol8silom, A digo] ARgE =32 AEE ARIMA(p.d.q)
x(P,D,Q)12 E&3 VARMA(p,q), 181l A&EF9 B st MME (Multi
Model Ensemble) & ZAolt}. &0 AREH AAGAR= 1973W7E 20159
1297 #5E A9E I BSAR oY, 201609 1€95H 12¢€7H4] 127114

A2g AAlsc

Table 5& A9 d7d=F o5 2l ot 54 ¥7F 245 HefL -
FRATet AT #ol 245, FAETARE A= #el 09 Tk

Y
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#ET GARS 9uldtth. Region 19] 49, RCARE AQ%t 2y AT
MME Z#7} 0.8452 7% =4 vegen, 284+ 0.7212 4=
AFLAe} 8A Q7L 7MY AL 1E E3F MME (RMSE=57.4, VE=12.0)&
A=t Region 29 A%, RCA=E A9t 23 A= MME 23t
0.8382 7 &7 Uerdod, 2FA5E 0.7022 249tk HaAlEEAket
LA QA7) 7P} 2R By ESH MME (RMSE=56.8, VE=16.0)Z 4%}, Region
39] A%, RCARE A 2F A= MME 23} 0.7482 7 =4 et
Hon, AFATE 05592 BAEIt. HaAgZeAt 7MY A2 BE2 MME
(RMSE=102.3)22 ZEA=9on 8Fexr/} 71 2 HFPL VAR 2
(RMSE=25.5) 2.8 BAE ). Region 42| 29, RCARES AQ3t By AASL
MME Z37} 0.7532 7P =4 Uetston, 24A5= 0.5672 E4= it 3
FAZLAL} 84027t 7B 22 2y ®3F MME (RMSE=83.3, VE=31.9)&
A= A9 o2 Region 59 %, RCARE Adt 2y JA+E MME
237} 0.7902 7P EA4 Uehgon, A3A5= 0.6252 EA=gI. B AlEE
QX 84} 7P AR BE T3 MME (RMSE=52.4, VE=20.0)& EA%|Qit}.

BANEEES Boto] vt A9d 9 dE5S AARE 2, #E7RhE
ABAS7E 0.748 ~0.8499] H|IA 2 dSFS S
Region 1914 d|&8o] 7} &2 Z0& BEAEQIth HAHAELAY] 4% 52.4 ~

102.59 X & Hol= o= EAEglon, &4 ]“:‘ 12.0~31.99 #x&
Holz Aoz A Region 12 AFEE IR G SitA o=z, 20144

I
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~Lﬂ305.-{>‘ >
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o29] 74 H3E d=3kx] EF@or} 201590 A EJL B vluA Z
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Foh= Region 29| A% 7MY W2 d&2S Hlom, 201199 o953 H53
H3E & JSsHA] £Hem, 201497 20159 + 6Hoﬂ AX SHEAY 7l
BT Aa A4S AUE 2ooHA] ZFOE Qe AR AteEth EIF AT
ot ARAIS, BAAEEA E 844 EWE— Sl £ o, ofz] SARFY] At
£ Fsto] AbESle MMECIES] 97t 945 A5l Qlol 7F) £ 21E
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(a) Region 1
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(d) Region 4
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Table 5 & HEEYY| 222 OE g 8/t 21t
Statistics

Region Forecasting Models o 2 AVSE VE @)
RC-16 0.860 0.739 55.410 -2.286
ARIMAR,1,2)x(1,1,212 0.828 0.686 61.020 19.864

i VAR(2) 0.845 0.714 58.195 18.443
MME 0.849 0.721 57.364 12.007

RC-16 0.846 0.717 55.439 3.698
ARIMAR,1,2)%(2,1,2)12 0.818 0.670 60.678 25.104

v VAR(2) 0.830 0.689 57.913 21.108
MME 0.838 0.702 56.776 16.637

RC-16 0.779 0.607 97.229 16.058
ARIMA(2,1,2)x(1,1,2)12 0.729 0.531 108.655 48914

o VAR(2) 0.661 0.437 115.895 25543
MME 0.748 0.559 102.470 30.172

RC-16 0.779 0.607 79.632 15.051
ARIMAR,1,2)x(1,1,212 0.740 0.548 88.236 45.013

" VAR(2) 0.705 0.49% 88.806 35.748
MME 0.753 0.567 83.256 31.937

RC-16 0.827 0.684 47.920 5418
ARIMAR,1,2)%(2,1,212 0.741 0.549 59.131 28.899

® VAR(pa) 0.750 0.563 57.569 25.856
MME 0.790 0.625 52.436 20.058

* MME (Multi Model Ensemble)
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N
©

4 o523 A AA B2 A7l oM P
ULk EZL ASH VSHHE AAZXULE Sto] X Q7T HFPL o8t Hohy o
AALG S AAsle] HdRE 718 S-8EoF ATl &8st Qith tiEA
NOAA (National Oceanic and Atmospheric Administration)2] NMME(the North
American Multi-Model Ensemble) At=22} 3 A% ECMWE (European Centre
for Medium-Range Weather Forecasts) A=S & &+ U°H, 3F 7AH(BOM,
Bureau of Meteorology)oll4l%= POAMA (Prediction Ocean Atmosphere Model for
Australia) 2gZ ©]&5t0] od7AY 7|%oS PEE ARE Wi AlLstL A
ok 71 e 713 RPS Eoto] dSE oty WRo] s SR FF
28 7S AAIR, 2 Aol APEC 7]FAIEI(APCC, APEC Climate Center)
oA Algote theid YAE(MME, Multi Model Ensemble) A&E ARSI
APCC MMEAtm+= 2424 W G524 Wil ofsto] uig 371HolA 671E7t
A] Precipitation, T2m Temperature, 850hPa Temperature, 500hPa GPH, SST
o] & 57HA 7|%Ho] diste] A 2| & 8719 7 AR 7|FalS HEE B4t
AlZsk ek ok Fig. 12+ APCC MMEO] 9J3t A A+ 3742 2m 712t 7k
A= AtelH, Fig. 132 20169 AFAH(JAS) &otAor A1) 4 el A%
5 @ &E 95 g2 dEhd Aotk

i
|
Y

(a) T2m temperature (b) Precipitation

Temperature at 2m for November 2016-January 2017 Precipitation for November 2016-January 2017

Normal Above Bel Normal Above
| | | DEEEES EEEe | | | UENEEEN | maan | |
B G o o B H w w0 80 m W O e T

© APEC Climate Center © APEC Climate Center

Figure 12 APCC MME 7|2 ¥ Z+& 0I5 Z{www.apcc21.org)
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(a) Deterministic MME Forecast
Precipitation for JUN 2016

(b) Probabilistic MME Forecast

Precipitation for JUN 2016
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3.3 otrH 2Kk OIS

EHEFIAY s 2= H 7] FA] ?I5to] AREE A9== Nino 3,
Nion 4, Nino 3.4 A99] SST anomalyAt=2} Nino 3A52} Nion 44|59 A=
FE vheo] W AFAQA dYko] siFoh= Nep index@t SYEHEY Yol i
Sh= NyP indexolth. SA91& Y 52 fIsto] ARSH s 2% A4+ 1950
4 19 ~20164 9¥971x|9] ¥d =x}g oo},

Fig. 212 71%4% =2
2 WY Soto] AfHY AQ SST anomaly® AET Awolm, Z,. ,,)
2 AAYI GAE AAY, DT SR T el BE MME B3
F3e kgl 71FAS AAY 5 BE AERE 20164 99AAY A=
2 ulgo= 20204 9 FF 4HUSRY) IEE WA

5t =35t AR(p), ARMA(p,q), VARMA(p,q) &4

I
I

HEF A9 7|& A dS A3E AHEH(Table 6), Nino 39 3%
W= Ado= 0.97 A=2 wie =4 yehdon, 244 E3F 0.95
£ 715olgih BaAlEeAet 88t MY AL 2y VARMA(p,.) 23
(RMSE=0.175, VE=-2.392)2& EA=3itt. Nino 49| 3¢, 13 A= 5k
o= 0.98 AL wWje =A Yegen, 2445 £ 0.97 7155t HatAl
F2oxe} 82t 71 A BEL VARMA(p,q) E&FH(RMSE=0.105, VE=0.08)
2 A=t Nino 3.49] 3%, 28 AASse AvEoR 0.98 F== of$-
A vebged, 2%A4 E3 0.928 71S0Hth. BHAIFEAe 84417t
7 A2 2382 VARMA(p,q) 2B(RMSE=0.1166, VE=-3.368)% EA4=]9lt}. Nct
9] A%, By AALE ANHoR 0.96 AEE Wl BA UEed, ZFAS
E3 0.932 715olqith. BAAlGLeA} 847t 7P 2R E‘%‘% VARMA(p.q)
HP(RMSE=0.160, VE=-2.739)2 #A=3Itt. WAt o = Nwp?] 3¢, =Y oA
= Ao R 0.96 =R i A Uehton, A4S B3 0.96% 71E5I5iT. Bt

AF2oA7} 71 ZL n 32 VARMA(p,q) EF(RMSE=0.109)2 EAE]glon &
A o2t 71 A2 ¥ MME(VE=0.1309)2 HA =it

g
2y A

-

S 25 ASATE SHOIEH, A= 0.959 ~ 0.987, ZAAS= 0.920
~0.9730.2 W =7 YElgoH, HHdAFTIAE= 0.105~0.1829 EXE H
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AL, BHQA = -5.731 ~0.6439] £RE Hols ZAo=E EAHY. ALt
BRAS, BAAEEA B A AN T 2 e B2 22
VARMA(p, 9= &olH, 7|$A157F 7L Sl B71AR1 F27] A& Aol A7
5T BYol & HFolL USS AT F Sl EFE /1 FAS0] o
FF 49 5919 ASATE AvET BE7|70] BEAR} o] Ho|Rof Hr
B A4 5 SRS A9 BPER Tl oS dne HolT e Tl
g 4 9ok b sl 59 Aake FAAEeks A Ret ol $A4ug0) ditks
Hgolol e FEE ALgsis Aol BAS o)W o5 FuT 4+ 9l
L ueto s BaE. web gl Bt teRt BA0E 230 A8 FF7)
A5 o3 Bgo] Zisst By A 2 Hgo] Bas Ao AmHr)
(a) Nino 3 index Forecasting
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(b) Nino 4 index Forecasting
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Figure 14 S| OIS2&0] o5t ACHEHL XN shell 2 X O Zit
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Figure 14

(c) Nino 3.4 index Forecasting
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(d) NCT index Forecasting
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Table 6 A ISZHH0| <fst oy &3 7|9 Xk oS Azt
Indices Forecasting Statistics

Models cc R? RMSE VE (%)
RC-16 0.976 0.952 0.176 -2.090

AR(pa) 0.974 0.949 0.182 -5.731
Nino 3 ARMA(2, 2) 0976 0.952 0.176 -3.307
VAR(2) 0.976 0.952 0.175 -2.392
MME 0.976 0.952 0.176 -3.380

RC-16 0.986 0.973 0.105 0.261
AR(Q2) 0.985 0.969 0.113 -1.173
Nino 4 ARMAQ, 2) 0.986 0.973 0.106 ~0.244
VAR(Q2) 0.987 0.973 0.105 0.080
MME 0.986 0.973 0.106 -0.269
RC-16 0.981 0.962 0.167 -3.436
ARQ2) 0.979 0.959 0.175 -5.588
Nimo34 | ARMAQ, 2) 0.981 0.962 0.167 -4.283
VAR(2) 0.981 0.962 0.166 -3.638
MME 0.981 0.962 0.167 -4.236
RC-16 0.963 0.927 0.160 -2.456
AR(2) 0.959 0.920 0.168 -7.369
NCT index | ARMA(, 1) 0.963 0.927 0.160 -4.116
VAR(pa) 0.963 0.927 0.160 -2.739
MME 0.962 0.926 0.161 -4.170

RC-16 0.961 0.923 0.10 0.789

ARQ2) 0.959 0.920 0.113 -1.101

NWP index | ARMA, 1) 0.961 0.923 0.110 0.191
VAR(2) 0.961 0.924 0.109 0.643

MME 0.961 0.923 0.10 0.130

*MME (Multi Model Ensemble)
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4.1 Delphi-AHP £
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Fig. 162 AHPEA #H9 &8 dAE Uil 9o, Delphi-AHP &4
AYst7] QA o] SHA S FPotgleh. A HA|, ASTER AA DA A
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STHA|

10| E ¥l (Feedback)
ACHA|
7= x| Z¢eh(Aggregation of
Weights)

3CHA|
7= x| =7 (Estimation of Weights)

2CHA|
[l H] 12 (Pairwise Comparison)

1CHA|
#| =M (Hierarchy of Decision)

Figure 16 AHPEXM gf#o| &2 i

4.2 YKol M

2 B7reE BElske] A9t aREAY =9 SRRA A3 IRk
A7t S FEste] AR 547 S B7RE A SESAEAS
(IFRI, Integrated Flood Risk Index)& AFYsIAtt BT ASE= & 3719
HEA| R} 6719 SR, 1|3l 24719 AIRAEE FAEo0] et F 24719
A#o] s 9 A= @S BRI ° 52 5H-F8, 44-1e589% F8
Atol, 33-58, 28-58° 55 Alol, 18-85, 1/28-55% 58 Ao, 1/3
A-58, 1/48-589 W58 Ato], 1/58-1%F8: SH7IA#7 © $9)
£ AMESto] S8 55 TR oIl

Table 72 A#YE 74 24 fIste] & AtolA 23 538 A= BlwA]o
et REF7IARS] AE YERd Zolth. XTI E SHE HEARI
sfgsh= fsid, ==4, -’T‘—]@.‘“ Aol gt 1:148 Bl E AHAlste] o]& 43
sto] RS ALbsHA =W, ZF A H#of| Higt 7HEAIE 2T 5 Uk
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Table 7 REE 715X 282 Yot 68 RT H|wACHEE7 KRS of)
EYREIHE2 «— —p 9= TRPIH3
XiE %9 = °° a2 z2 | XE
68 43 3 23 13 1/28 | 1/3" | 1/48 | 1/58
. =Y
Plots ;aéfg
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-9 BSUE BT oe EAxA Wb 9 AR d7da 24 28
A eas Bes 1 reAR (2015) A QAR N 7)1 5-5E gl
= 5y 7% 9 484 Wk AY NS SR, APECIT
201514, pp. 1-126.,] OJ.?LEFJ% g 4 9k 2 Apo|E FhpriR
A% A7 Axet AEst 97 2
EANBARE AN, ol 1% SR ¥4 ALE Auow s
247 ARA $45919 WS gIste] HAskE x|5oltt,

£ Aol LSt BEEs A A= F 57Hﬂ HEAE} 6719 FSAIH,
83 24709 ARAER FgEe] Utk o A
Ao gzt 7| TASHE QSR RO, & ELOJ 2 AEAFAY =
247 E5us =E2402 FESIGT, FHoY QIR AS-HAA FoHdwt
Sato] Hopgog FRSITh 29 ARARE AnEW FE-7|4sH 5]
A g9log A Hgss, 4 74 80mm/day ARl ol 315, A7t 4
30mm/h oJAQ1 g9l 315, 81 1009R1E Al e XA OoH, 7%
&R Pl 821 BAS feis BAEE oS 4 APCC MME <15 #t 181
ENSO 95 %ol AMEHH 3t 4 10m ofst AA|df 4,
10m oJst AA 7t T2 A
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wol FHobg acloe AT v, H4E BFE SEDY 8% 47T B
29 % ol )Pl R Table 82 2 A7olA A H8e BUT
IR A|%(FR]) B2} AEolct,

Table 8 SeiErtleike GVIE ot XY
2HXE CHEER|& e PN
Az 2
A5 /7 MBI & ZrE 80mmOtEe! 2o 3k
it ARIZ 2428 30mmO ARl Sk
(i‘;'f ) 1004 iz ARIE 242t
A OIS 2
RS  ARCC MVED o %
ENSOA 0% 2t
10mOfot M| A
SEET | romolet R 7k
S Er AT
=M
3154 (E;fs)i)re) S+l 2
S o o Ae
= QIS QIHIIGH
59 0I5t B4 WY
oFal:
13M| Ofot QR
Atel-ZHE Feky 6oM| Ok Q>
XS S4MGRDP)
o WCAEES
(Vulnerability) HEEH S
oEEEHEE
Shuo) 3ory | HKEDNSY
oFILt Z9Rl 4
OFe o7t 4

3) APCC MME: APEC7|FAE|(www.apcc2l.org)ollA wiE A A+ 2= 6788 7FA] B4tk AlF skl =
SR UGAE(MME, Multi Model Ensemble) 7] ]—i— AR
4) ENSO (Bl Nifio-Southern Oscillation): G 38 X|H(Nifiol, 2, 3, 3.4, 4 §)°IA ¥ T=HLD
= s T AFEA Yk /U 5 "H‘FFE 71 SHEANE TS = qlom, A X 71FAIAH
] c§°J'*— o] AN 537 7]—r°ﬂ~°ﬂ BEI e FaAA
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A'||=|I|0| :rUL-l
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A9 HgE Eolo] A5 A Ee x| BEe SR 4
%4 e B A ZE YA (Framework)E 7ESIAL, H]EoA
7"H(MCDA, Multi-Criteria Decision Making Analysis)2 E3% 2 b
o] FAEHE FHHLE AA5t TS XS] f5te] dEXAE A
Shom, AR upx|eto] FrigkEo] gt HAEvt oHS 7|&ste s Sl
AE2A9] 2 9 e IEYAelM FRE &8 £ e F2EEX(Google
Forms; https://www.google.com/forms/about/)olA] 2RI & THZ0] HijAS}H
gou H Jiox st AEAL the9] URLS Edto] ERIgH 4= QItHURL:
https://docs.google.com/forms/d/1nVohgWCIHH]1Scz8cfdNoV7BWeeUosoZGT
-mYhIIdOwk/edit).

o

N
—

>

4.5 W=/t THe| 74

347 3599 WS gstel BEl Bopo| ke AEAH 18S 2ABIGCH,
Ag HJEH A, B4, AER A4, AF Aoig 5oz FPHom Tl

& 5089 AE7HE Agshd. o § 3799 AP A2l SHEhIeH,

o,

#%% 74%c1th. & AE7Y] A8 IR 365(97.3%), 1&F 178(2.7%)°1H,
AFL 20t 58(13.5%), 30t 208(54.1%), 40t 12%8(32.4%), 50th 1%8(2.7%)

ot} E3t HFoe S vANTAH I 64.9%, AAHIAEF) 29.7% olH, UHA =
5.4%%= SHAto|t). SEAFY] ZRA|E 37.8%= ISt 21.6%= ATF7|H, 21.6%=
W71, 13.5%= 9 € APAE, UuA] 5.5%E F7]delH, F8 HFAFE
43.2%7F B5(H%), 24.3%7F B (C15), 18.9%7} XH‘&J&EK% #), 10.8%7} 7|
B} £of, UMz 2.8%7F A/ AHEHY) £ofoltt. o] & LEHHL 37.8%7 5~
109 w5k 21.6%7F 3 ~ 54 w5k 21.6%7F 34 w5k, 16.2%7} 10~ 204 w9k,
W] 2.8%7F 204 o]AJoltt thg Fig. 17 ~ 19 A& Fofst AF ¢ HE7
Ad 7|13, 99 GFE UEd Aotk
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A2 | S5t B T2t RN 5B 2490 0fE 2 Wt

46 3| 65 Y= 29 ZAt 2

LE2ARE B0t 371 A5 FE &84 2AE AAST $37] 9
o] Histe] 21 Qe Aoz SHE SHAE 78.4%R 2N, Ead It
Het SEHAE 27%C1 gt °lF &-37] A5 AEE AR Aol 3
HA= 43.2%01M, ARESHA 9= SHARE 59.5%= wHelE Uth(Fig. 20). E
Fig. 219 &2t 238 AHEH, 547 dSAEE ARt 490l Sle
A} 5 AREEOoR= AR(Ep)Eot 80%2 7 BoroH, YA 20%= ol (7HE)
wokR AR -7 ISR &8 7ol 7Y Atal BdEE 2ok
olF(HE) woFR 45.9%% IAMESCH, F WAR AdASi(E #H) ZoFt
27%, AET) 2OFF 16.2%, 18al YA ot S/ AH), 718 Zok=
ZAENT. e R 7] dSAHE 82 fIot] 94l AFEooF & ARp
22 SEA 501 AF=(83.8%)F H*LH, tal® AREY AUH(8.1%),
283 YHA7E HEor A B FEe AF AS A7l dith 2AF
23 371d(43.2%)% SE 47 M wekew, 171E(29.7%)°] + HA, 12
I 27Hdely Vet R YERT. $47] oS AEIF AlsEnE, AREAC =Hl
g AAA o] gt Sl 1R H48.6%)= SHT AFdol 7MY Wokon, 1
FTH37.8%)7F F WA, E5o|tH(13.5%)7F Al WAZ Z4 =Tt vpAeo s F7
71 71591& HE7F AsErrd &8 AJAA ] digt A& 8RS 45.9%7F 11
Foretal gHstion, 40.5%7F ¢ Igvetal sk, ESolst® SEet
AR 10.8%0f sigstaiH
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(a) OB QIX|= (b) IEHE AIRZE

Figure 20 &- 37| GIEEES| QR & ASEE ZARZL
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(a) GIEEE AMESEOF

® 014:(718) @ DI=218)
@ HES) @ HLE=)
© TR (STAH) © DE(STAH)
® TSN (B R) @ LR EDY
@ JIE ® 7IE
(0 ArxoZ TR{EioORt (@) 5 SO AR
O
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L Y-EE :;i:
® AERIEYH

T
® SMEE T ®cHE
@ JIE ® JiEt
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Figure 21 &-37| OI5EE2| 289 XA

4.7 Delphi 714

Delphi 72 19484 ©]=+9] RANDAFAOA 7HdtE]o] IT, IS, FAF E AT
W wof oA FEA E&EHI lon, A AFA A4S B3t A2
4 U]"*H"ﬂé% 3t 718E 9JuiskKLinstone and Turoff, 1975; Hsu and Sandford,
2007). A27F 9] Hol2tilk E2]9+= DelphiZ|®2 ' AR 270 3t ARt
AR HEsitt = ATE AT dEet 'tro] wdo] A40] Wil gkst
e WA oAEA ol =24 2AE Tl deH, Aw7Eeo] AR HolA
%3 F= FHo|Y M HAS 53 FATHORE AS FES EH HS
=g

ot Zlo] 9 Egolet &

T o]

\
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£ A7oAE Delphi 71%E F47] 5918 9718 9% ARV} ANG [is
A

1 E3A0l A2 §E5l] Y3 3HFA(top-down) JAESE HHOE ARSI
ow, A9 A9, S dxA &Rl AEVH AT 4 T 27AEE FHot
AEAE 2ot B3 A2A] i 9 9, £9%E HE o A2, A7t 43
o] A AAS 7IHto g ARA 9wt B3 FE &St 27
4 7129 ARtgS Boto] FPotart. thE Eq.(6)= Delphi 71 83 AEx

71 A, Ts% %‘— Hzoln], N, ARz Zoldt ARt £4 5= AR}

AR 9] AFE HFL Cronbach’'s a& o|&sto] EA5I9tKTak, 2007; Jung
er al., 2012). Agjatst EopofAl= ARFHOZ Cronbach's agte] 0.6013<Y 3%
AR AF 7t w2 Aoz WS Chaiy, 2004; Park et al., 2008). Delphi
AEZAF Y89 el A5 th2 Eq. (1)9) Content Validity Ratio (CVR)E At

Ao W 4 9tk

)

oAIA, n e 5H HES] FRG USERE SUT £ oulshe, N U}
o] AR7}e] 58 oujgiet,

BRI} S5 o] wet BAEE VR Zo] AT 95%(H5E 0,050
A #2352 B 2oW T 8ol Bgio] Urkn W 4 Arklawshe,
1975). £ Aol Ro] SHI WEI 379 /120 CVR @ol 0.36014
ol W82 o] gk westeich

OO
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4.8 AHP SAfu

AHP (Analytic Hierarchy Process)= T<=9] tiQto] tigt o8 57} 7|&& &&
sto] JAHEAR S AYsks W9 stuz, B7HrEE 7HA(Weighting) & AM
 F2 ARREE =i tool)o]™, 1980¥ EHA AFE|(Thoma L. Saaty)oll Q&) 1L
A=A ol AEA A JHS oY o ASE dAR FET T EAdCeR
A 2F JAFEA O ol2&= "o g QAT v i(pairwise comparison)s %

o ARsbEEe] 4, A, AW 52 s oAHag el

AHPEAZ th&9] 594 EAAYS Soto] 3 A HAZ AAEE AS
“(Hierarchy of decision problem) @7, F+ ¥A= | B|@(Pairwise comparison
of decision elements) @A, Al WA= 7153 F7g(Estimation of relative weights)
A, ] HAR 75R] S8 Aggregation of relative weights) ©@A], Z18]al O}A]
oo g2 u=wl(Feedback) ©A o]t

Bl S PR 15 4§ A, = ARl 1‘41"3& A T
Hoks the] ARIP) Folske oXld oagoR §E 7 Adeln AnE
a5 o, W) T2 ANl 45 BAEE A4eK AHPIYS) AL oS
HoAG P2 P+ Utk B ATHE AHPE Hg3lo] 7] BUEAAFEA
2 9 AIRAE FHE /FA ol 5 APgstgon A va PP gt
KX AL TR Eq. @)% 2tk

Ay
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o
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e,
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ox,
o
N
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r4n
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>
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oX,
)
E
El
o,
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o
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o
rir
2
b
>,
2

Stof A 7S], 5‘4‘41—1—1%‘](%“) Jear ‘?_;lil}ﬂx]—,—((jl: Consistency Index)
£ Ao, 2484319] A2 H7EE flote] d3/JH]E(CR: Consistency Ratio)&
FA3h dIAASR(CHY A HE(CR)Q AXRS T2 Eq. (9) ~ (10)eF £t
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_ (Amax B n)
Cr= 0 ©
CR= (CI/ RD*100% (10)

0:17]}\‘] )‘max‘L} Z’]q]loi]’ n'g' —(:)_j_- 7—'“%0”/\1 H]j’— "JH}O] EJL_* 7H»)F _'11“4_77_ RI
+ 4 A%(Random Index)E oJ|glth. Iutd o= CR o] 20%°lHY A-3ol=
S ATl W] 8% 4 9l 479 Pl i Aom WU 4 ot

(Saaty, 1990, Choi, 2016).

4.9 AHP 2M A= FX(Hierarch Tree)

Fig. 22& % 37| SE¢&-HdAs A2 St $8% ¥7F 52 AHP AT
FZ(Hierarch Tree)& A3 2ot} & AtollA= tieke] =7} 107 oldolH,
ZF B7FgEo] gidt A27F 2F0] 378 2% 50 Qv AERAF U4 379 A
w7H] SEZEH | Histe] CI9F CREE AP & 20%0149] HlEddde Hl &
AL Adke Al9fskal UmA] ddteRE BrigEe 7AE APgsiith. AHPA
A 7] 7 v Bow goiviae] St Tlskaedor S| e

of &Aool E7Fssto] AAFH R AHPE A-&517] o8& & Stk BE 1071

o] tiete] EASIE A9 Hrjulnysbt Tastel ArjunE BT A 54
e Aste o] st ATAMEEE, 2000% Ao, FHE 15
AL AHP ATH B4E 9ioto] 248 R ScriptS F8sto] 2geh Al 14

& A=siec
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EEZ4ASX|S(IFR) AHS QI3
Q8 Bt

Aol

(GEYZIE))

*EoIMEE | | 7130sE | | MEENY 409 Ats- 7 g2u0f
L] EEY wEy (Rt #lopy Hory

Figue 22 SBEAQRINK BRE WIS U3t AHP 24 AZ7x

4.10 2T T} Zit

A 4

D o Sl 7Iolw, B7EAS] o ] tigt d¥d HAS= 5oto] 2ARETS] 4lE

4}, ¥Hd o2 CR(Consistency Ratio)o] 0.1°|5HH SFA7) Z+
FEoll W Z24o] &AQl ddS 2= AR wdst, 0.2
= & T Sl FEolv 0.28 236190 AFolle AR Aol #
Z35F Z10g st 4= QltiSong and Lee, 2013). Table 9= AE-3EAF 3740 ¢
o ARE P7EE fs) CR SARAEAYE gt 23o|H, Fig. 232 ti#AI £}
SRR TSt 3770 ARRA 2] A=HH7EE AAISHe] Box-PlotdHE W
Uetd Zxtolct. of7]A4 CREfe] 0.25 233 AE 2= Aoty JEE 38

o
GElnE Bste] ESTAY] Al AYRQY 2R PN
o

[©]
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el
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48 | S22 2% Tl KR Sat Baci oS 2wt

Table 9 HPIEE CR(Consistency Ratio) SHEA
Wk Quartle wr | IZ
0% | 25% = 50% | 75% | 90% oAt
CHEEX|H 0.000 | 0.009 | 0.054 | 0109 | 0.226 0.076 1.219

/7 e 2ot 0018 | 0.051 | 0127 | 0203 | 0283 | 0.144 | 0.7%6

J[REEE Phtd 0.000 | 0.000 | 0.009 | 0083 | 0217 | 0.057 | 1.502

;1_| YEENY 5 0.000 | 0039 | 0129 | 0207 | 0235 | 0124 | 09N
ﬁl Sl ==4 0045 | 0069 | 0139 | 0204 | 0292 | 0.180 | 1.015
Aal-BHe Ford 0014 | 0032 | 008 | 0141 | 0192 | 0.094 | 0838
YN FAY 0.017 | 0038 | 0.073 | 0167 | 0253 | 0.114 | 0.951

Consistency Analysis
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2.2 SEH HEfd
IJNEUEHE A
NS ERNY &Y
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Figure 23 Box-Plot0] ofet &2XAt M=k B/t 21t Fel
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Table 102 B7PIEE 4A¥E 42348 HEHeH, B7PIEE A8=E &
A7) flsl 37789 28 EAE 2R CR 0.2 o # vTl 828 24
Sttt 91714 CR 0.20148%1 S8& & A2 dieh ddAo] golx A
Z95 BENZTA AT AUS ouidith BIZIEE CR 0.20149 §@AS
2 BNT 2%, QEAE 59, ARAE F SB/7195HE 914 108, 715157
B 914 5, Migxw w24 109, 59 =24 119, A8l-4Ae 4
oby 19, §4ol Fok 6o RAEIT ol7|A, CRO.20M $YASTE 7h
A AL Hrp|EL2 AS-AASHE FoFAoln, CR0.2°014F S9A4¢7t 71 we
BWlEs e =e2deR 2450 ol Hud B7PIET ool Hitt
ojsi7t W7] fEQl Ao wHEn

i

Table 10 PEE Mz Sz

Wik o ey
SRt St 4

CHEER [ 5 32

22/7AE ot 10 27

TIS0EE Sl 5 32

ME dEeENY 5 10 27

KB EAI) 2N 11 26

f | 711“0}7(1 x|OFA‘I 1 36

S44101 2P 6 31

AHPEAS B3t AR/l AEANS vigon EFE49%
WEA R, SR, 123 AFEAR 7He] B71gsE 7S A
Table 11~ 129} 2o, Fig. 24 ~ 262 ZtZ+9] AR H7IgdEo] digh 754 AHY
ZA3= Radar Chart® YER AT

E5l5 0825 HrgEd 712 AAT JEXE FEAL FHorg X
7} 0.389% 7FF &4 yehgod, $5id A7t 0.312, =4 A7t 0.299%2 &
A=t SRR FEA A= ol 2ol S48 9a144(0.571) A&

U&
ﬂ
mlm
-
o,
ol
r K
30
FIF
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7F 7150545 A3174(0.429) A RHET SRV £/ UERdeH, k&4 299
A AEdaAY =24(0.535) AR7F s =344(0.465) AREH =4 S8

=7t A EAEAS. B HF 1Y Fol #bd(0.635) AETT AE]-A
AA F2H5(0.365) ArET FR=7F w4 AMHHAS. ARF7IFERE 7R A
dAYE AHEE, o218 R B ARETIECA s E A A
(0.298)9] 27 78 AA Z4=ULH, 7IFSHE A8 T AlFE7it
oA BAIRE A% 4H0.379)°] 7HE 2 7 AE EAh valr AE3aA
9 =S8 AlFE7IEECIAE 10melst AR 714(0.483)9] $2=7F 7H
2A 24EJeH, Sy 28 ATRrIECIAE SeE vt A
(0.370)9] 7FA7F 718 2A EAEUT TR eZ ARS]-AFAA g #E A
FH7VEEAE AFEE(0.342)7 7MY 2 AR AFENeH,

°Fd T ARErIGEAAE i ETA-830.278)°] M 2 THEAE 4
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2
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24 51

Table 11 SRR W= JIEA| A Al
e _ _ _
XE CHEX[E JIBX | BRE | 7= MIEXE 715X
o 242 0.298
TE U 24 SommOMel ol 3 | 0217
7SN 0.571
" Ol AR 23 30mmOael Sk 0.283
7ot 0312 1004 Bl ARKE 242 0.202
(Hazard) -
. EHDS OIS at 0379
e 0429 APCC MME CGI= 2t 0.365
oI5
it ENSO O 2t 0.256
N 10mOlt KIKIEH 2% 0.320
e | 0535 10mOaH KXICH 7474 0483
== Rief TR ZAE 0.197
&Y ——
AT o| A
sz Gosuwe | 020 & |<_>H _?T 0273
2005 SATH 0465 g2 QMoh T TN 0.157
K= =g T E42 0l5t 0I5 0.370
(FR) 592 olst 4 Y 0.201
ol 0.342
Al 134 Of3} Q1 0.186
ZHE | 0365 65M| O1A O 0.182
=[Ok
Fr8 XIiL ZMAGRDP) 0.146
ot MEREE 0.144
. 0.389
(Vulnerability) WATEIES =S 0.227
shcegs 0.237
s
glcﬁ 0635 B EIRRR 0278
ol Ry 4 0.119
QR ol=7 | 0.139
s 1,000
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Table 12 SURES} MEXE WIS Hot &=8 JISX| A1 2t
CHEX[E SRR 715X MK 715X
o E0 A 0.053
4\_@/7; NiES) 0178 2 =2 80mmOKR! H9f Sk 0.039
ot ARYS 242k 30mmOtael gk 0.050
(iﬁ) 1004 BIE RIS 242 0.036
o SADS 05 2t 0051
7'1?1;@& 0.134 APCC MVE 0I5 2t 0.049
ENSO GI% 2t 0.034
10moOlot XMXICH A 0.051
ASERR ~
o 0.160 10mOI3t AR 7k7 0.077
) A EHd B 0.032
. f:‘jre) SATG o 0,038
I S22 Ol £l BiX] 0.022
SRl =28 | 0139 S22 Qs QIHIGH 0.051
SRE Qlst =2 IjoficH 0.028
oae 0.049
13M| Ofot Qe 0.026
A2|-ZHE Fekd | 0.142 6oM| OFY Q17 0.026
XQ S8HGRDP) 0.021
2o WSS =L 0.020
(Vulnerability) HESHEH S 0.056
SKEEIE 0.059
SeHI0) FY | 0.247 Hi-HENE 0.069
ol Z2g 4 0.029
oY =T 0.034
s 1,000 s 1,000
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AIERisk= HaldHazard) ™ =24 (Exposure), 133l F 2k (Vulnerability)
o] g=r& YERd & ItKWB, 2013). o714 fsid> =221 HdaRlE 2ulsi,
ST FFAHS ARR-AAARL FeHda1lE ofulgttt. EIE ZF X|pof Higt 9
A= B7FE fsto] EA(Index)] 7+ HLE AT BoAol Jlon, & A+
o= B2 Very High(0.8-1.0), F2%: High(0.6-0.8), =24 Medium(0.6-0.4),
AT Low(0.2-0.4), 2Z4: Very Low(0.2-0.0)9] 504 2 &3}t o]
ot Y= AHEe] A8 fdE B 1 AL Eole] 57 V1S HEE
283 PTG S99 EABIEE AAE & Qlon, BAE A3e GIsAl
A ZFAISFsto] Qo] gt #&0] 7Fssitt. the Fig. 272 d
7] I3t dictolo] 19 HAE ojn, & ATtoA] ARERE X|4=9] BIF MY P2

e — Physical Index Range
Hazard
I Very Low (0.0-0.2)
I Low(02-0.4)
Risk | Medium (0.4 - 0.6)
Exposure Vulnerability E High (0.6 - 0.8)

I Very High (0.8 - 1.0)

Socio-economic
Vulnerability

Figure 27 QT 714 HIC00 I3 2 XI50 LI He| 27 MK

9t BHES YA 29, =24 a9, FoHA Qi 7o) rEXE
ol E FHSTAAASE Uuts) ofH o3 Eq. (11), (12)9F Zol 7hds] YEt

¥ 4+ 9l
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Risk= f(Hazard, Exposure, Vulnerability) (11D
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OUTLOOK mitigation especially if high probability of anomalous season (e.g., flood/drought)

U

20-25 DAY Broad-scale planning schedules for planting, harvesting, pesticide & fertilizer
application and water - resource management (e.g., irrigation/hydro—power

FORECAST T O o ;

determination). Major disaster mitigation resource allocation.

1-10 DAY Detailed agriculture, water resource and disaster planning. E.g., fine tuning of
FORECAST reservoir level, planting and harvesting.
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23 1. S| SEier+E YRE

= (Risk)=alA(Hazard)+ =&/ (Exposure)+3 2 (Vulnerability)
(24: The World Bank, 2013, A global urban risk index, p. 8)
» JFRI (Integrated Flood Risk Index)=f(Hazard, Exposure, Vulnerability)

l m n
IFRI = Y (h; < H)+ Y (e; X E)+ 5 (v, X V)
1

i=1 ji=1 k=

n =T X|(IFR]) H7HAE AHY

SHXE CHEX|E =78 N
U 30 243
/71 U 242 80mmOAQ! o 3k
oy ol ARG 243 3mmonel 84
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e | SRR
e APCC MMES) G5 2t
ENSO?) O 2t
s | OmOBH R ot
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6) APCC MME: APEC7|ZANE|(www.apcc2l.org)olA e A 7 F2Z 671Y 7kA] Ak A 3]
TS RASAE(MME, Multi Model Ensemble) 7]3cl& X

7) ENSO (El Nifio-Southern Oscillation): @t B]EY X9(Nifiol, 2, 3, 3.4, 4 54 #H¥ A=z
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b. XX 24 = H= 2

1. 19954 OFHat O] S 3+¢& 7t

=

=
o0&

a8

Hazard
Very Low (0.0 - 0.2)

[ Low (02-04)
I Medium (0.4 - 0.6)
I High (0.6 -0.8)
Il Very High (0.8 - 1.0)

02550 100 150 200

" o — — ilometers

Exposure

[ very Low (0.0-0.2)
[ lLow(0.2-04)
[777] Medium (0.4 - 0.6)
I High (0.6 -0.8)
I Very High (0.8 - 1.0)

02550 100 150 200
O — w— Kilometers

Vulnerbility

[ very Low (0.0-0.2)
[ Jiow(02-04)
[ Medium (0.4 - 0.6)
I High (0.6 - 0.8)

I Very High (0.8 - 1.0)

02550 100 150 200

@' CC—— Kilometers

IFRI

I very Low (0.0 - 0.2)
[ Low (0.2-04)

[ | Medium (0.4 - 0.6)
[ High (0.6 - 0.8)

I Very High (0.8 - 1.0)

02550 100 150 200
ECEC—— Kilometers

Table 5-1 19955 OFM XAiH| S+ige B/t 21




22,125

Hazard
[IveryLow (0.0-0.2)
[ Low (0.2-0.4)
I Medium (0.4 - 0.6)
I High (0.6 - 0.8)

Il Very High (0.8 - 1.0)

02550 100 150 200

‘ o m—— Kilometers

Exposure

[ very Low (0.0 - 0.2)
[ lLow(02-04)
7] Medium (0.4 - 0.6)
I High (06-0.8)
I Very High (0.8 - 1.0)

02550 100 150 200
O — — Kilometers

Vulnerbility

[ JveryLow (0.0-0.2)
[ Jtow(02-04)
[ Medium (0.4 - 0.6)
I High (0.6 - 0.8)

I Very High (0.8 - 1.0)

02550 100 150 200

@ CC—w— Kilometers

IFRI

I Very Low (0.0 - 0.2)
[0 Low (02-04)

[ | Medium (0.4 - 0.6)
[ High (0.6 - 0.8)
I Very High (0.8 - 1.0)

02550 100 150 200
S —w— Kilometers

Table 5-2

19965 012 XMH| S+2ee 87t 21
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2. CT AU APIe| Seig+ied B/t 2

Hazard

[ ] very Low (0.0 - 0.2)
[0 Low (0.2 - 0.4)
B vedium (0.4 - 0.6)
I High (0.6 - 0.8)
Il very High (0.8 - 1.0)

02550 100 150 200
O — w— ilometers

Exposure

[ ] very Low (0.0 - 0.2)
[ Jtow (0.2 -0.4)
[777] Medium (0.4 - 0.6)
I High (0.6 - 0.8)
I very High (0.8 - 1.0)

02550 100 150 200
e — w— Kilometers

Vulnerability
[ ] very Low (0.0 - 0.2)

[ Jlow(0.2-0.4)
[ Wedium (0.4 - 0.6)

I High (0.6 - 0.8)
Il very High (0.8 - 1.0)

02550 100 150 200
O —— Kilometers

IFRI
I very Low (0.0-0.2)

[ Low (0.2-0.4)
[] Medium (0.4 - 0.6)
[ High (0.6 - 0.8)
I Very High (0.8 - 1.0)

02550 100 150 200
Kilometers

Table 5-3

CT Al 2e7|(Developing) AR S-?idie E7t Zut
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Hazard

[ very Low (0.0-0.2)
[ Low (0.2-0.4)
I Medium (0.4 - 0.6)
I High (0.6 -0.8)

Il Very High (0.8 - 1.0)

Exposure

[~ ] very Low (0.0-0.2)
[ JLow(.2-04)
[ Medium (0.4 - 0.6)
B High (0.6 -0.8)
I Very High (0.8 - 1.0)

[ Medium (0.4 - 0.6)
I High (0.6 -0.8)

B Very High (0.8 - 1.0)

0 2550

100 150 200
Kilometers

N - 02550 100 150 200
B -. 02550 100 150 Zogilometers ‘ Kilometers
I 4 V 4
< <
Vulnerability IFRI
[ ] very Low (0.0-0.2) I Vvery Low (0.0-0.2)
[ JLow(02-04) [ Low (0.2-0.4)

[ ] Medium (0.4 - 0.6)
[ High (0.6 - 0.8)
B Vvery High (0.8 - 1.0)

100 150 200
Kilometers

0 2550

Table 5-4

CT YLl 4E7|(Decaying) XIXHH|
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o
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L4 I 4
9 <
Hazard Exposure
[ ] very Low (0.0-02) [ ] Very Low (0.0-0.2)
[ Low (0.2-04) | JLow(02-04)
I Medium (0.4 - 0.6) 777 Medium (0.4 - 0.6)
I High (0.6 - 0.8) I High (0.6 - 0.8)

Il Very High (0.8 - 1.0)

100 150 200
Kilometers

0 2550

I Very High (0.8 - 1.0)

02550 100 150 200

Kilometers

Vulnerability

Very Low (0.0 - 0.2)
[ JLow(02-04)
[ Medium (0.4 - 0.6)
I High (0.6 -0.8)

B Very High (0.8 -1.0)

100 150 200
Kilometers

0 2550

IFRI

I Very Low (0.0-0.2)

[ Low (0.2-0.4)
Medium (0.4 - 0.6)

[ High (0.6 - 0.8)

I Very High (0.8 - 1.0)

100 150 200
Kilometers

0 2550

Table 5-5
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22,129

Hazard

[ ] very Low (0.0-0.2)
[ Low(0.2-0.4)
I Medium (0.4 - 0.6)
I High (06 -0.8)
I Very High (0.8 - 1.0)

02550 100 150 200

‘ I — — Kilometers

Exposure

[ ] Very Low (0.0-0.2)
| Jrow(02-04)
7] Medium (0.4 - 0.6)
I High (06 -0.8)
I Very High (0.8 - 1.0)

02550 100 150 200
O —— Kilometers

Vulnerability

[ ] very Low (0.0-0.2)
[ JLow(02-04)
[ Medium (0.4 - 0.6)
B High (06 -08)
Il Very High (0.8 - 1.0)

02550 100 150 200

@' e —— Kilometers

IFRI

I Very Low (0.0 -0.2)
[ Low (02-0.4)

[ ] Medium (0.4 - 0.6)
[ High (0.6 - 0.8)

I Very High (0.8 - 1.0)

02550 100 150 200
O —w— Kilometers

Table 56

WP U 4/g7|(Decaying) AIXHA| S43iE H7h 2t



Hazard

[] very Low (0.0-0.2)
[ Low(02-04)
I Medium (0.4 - 0.6)
I High (0.6 - 0.8)
I Very High (0.8 - 1.0)

0 2550 100 150 200
O — e Kilometers.

02550 100 150 200
O — —

Exposure
Very Low (0.0 - 0.2)

[ JLow(0.2-0.4)
[777] Medium (0.4 - 0.6)
B High (0.6 - 0.8)
I Very High (0.8 - 1.0)

Kilometers

Vulnerbility

[ veryLow (0.0-0.2)
[ JLow(0.2-04)
[ Medium (0.4 - 0.6)
I High (0.6 - 0.8)

I very High (0.8 - 1.0)

02550 100 150 200
O —— Kilometers

0 2550

IFRI

I very Low (0.0-0.2)
[0 Low (0.2-0.4)

[ ] Medium (0.4 - 0.6)
[ High (0.6 - 0.8)
B Very High (0.8 - 1.0)

100 150 200
Kilometers

Table 5-7

2Lt 2=7|(Developing) AR S+ B/t At
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Hazard

[ Jvery Low (0.0-0.2)
[0 Low (0.2-0.4)
I Medium (0.4 - 0.6)
I High (0.6 - 0.8)

Il Very High (0.8 - 1.0)

02550 100 150 200
O —— m— Kilometers

Exposure

Very Low (0.0 - 0.2)
[ Jrow(02-04)
[ Medium (0.4 - 0.6)
I High (0.6 - 0.8)

I Very High (0.8 - 1.0)

02550 100 150 200
O E— T Kilometers.

<

Vulnerbility

[ ]very Low (0.0-0.2)
[ JLow(0.2-04)
[ Medium (0.4 - 0.6)
I High (0.6 - 0.8)
I Vvery High (0.8 - 1.0)

02550 100 150 200
e — — ilometers

IFRI

I very Low (0.0-0.2)
[0 Low (0.2-0.4)

[ ] Medium (0.4 - 0.6)
[ High (0.6 - 0.8)

Il Very High (0.8 - 1.0)

02550 100 150 200
S — — ilometers

Table 5-8
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