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ABSTRACT

This study analyzed the variability of hydro-meteorological extremes that are
exacerbated by large scale climate change,and their local impacts. The diagnostic
study performed links with teleconnection-based prediction between climate indices
and hydrologic variables using statistical methods. Also, various statistical prediction
models such as autoregressive (AR], moving average (MAJ, autoregressive moving
average (ARMA), autoregressive integrated moving average (ARIMAJ, and vector
autoregressive moving (VAR] were developed to predict hydro-meteorological
variables in Gyeongnam region. The prediction models also allow local governments
to compare and evaluate their predictability and verify their applicability. And an
index for mid and long-term integrated flood risk assessment was developed and
the predicted risk results were visualized in each local government using the
geographic information system (GIS) tool.

The characteristic changes in precipitation over the Korean Peninsula (KP) were
analyzed using composit anomalies (CA) from the Global Precipitation Climatology
Center’s (GPCC) monthly precipitation observations during different types of strong
El Nifio events. The number of precipitation events over 30mm/h was analyzed
in each meteorological observatory, and a Mann-Kendall test was performed to
determine the trend of the annual top 10th maximum events. The 100-year return
period rainfall frequency and the typhoon-induced rainfall over the Gyeongnam
province in KP were also analyzed. Time-series forecasting models were developed
in accordance with the Box-Jenkins methodology and forecast the monthly climate

indices in the Tropical Pacific Ocean (TPO) region and the hydro-meteorological



variables in Gyeongnam arealn this study, the five different time series forecasting
models were used: AR(p), MA(g), ARMA(p,g], ARIMA(p,d,q)x(P,D,Q)s,, VARMA(p,q).

The integrated flood risk assessment indicators for Gyeongnam area were
developed and the flood risk analysis was performed by saparating the 1990s and
2000s research periods. In addition, the integrated flood risk during El Nifio events
with varying levels of strength were assessed and evaluated and the integrated
flood risk during the warm season (June to September) in 2015, was predicted.
Long-term hydrological forecasts during strong El Nifio events were developed
as of this year. It is possible to take advantage of the results of this study as
useful information.

From a mid to long-term point of view, this study is believed to help the fields
of water resource prediction, efficient water management, and sustainable water
supply. It can also be utilized by flood hazard vulnerability assessments for target
local governments in KP during El Nifio years. In addition to providing monthly
prediction for the climate indices and the hydrological variables, using statistical
models can improve seasonal forecasts through dynamic models. The assessments
of the long-term flood risk forecasts are possible to be used for various statistical
forecasting information. These types of prediction information can be utilized to
establish local water-related disaster management and proactive planning. It is
also a possibility that this information can focus and reduce local administrative
work by being the crucial information needed by emergency managers.

Based on the results of this study, three policy issues were identified: (1) the
development, invesment, and improvement in utilization of seamless prediction
technology; (2) the development of risk assessment techniques by central
government based on the long-term prediction; and (3] the establishment and
creation of flood risk management guidelines by local governments.

This research allows for the provision and utilization of the mid and long-term



forecasts to prepare for floods to prevent and reduce possible damages. In addition,
long-term flood risk assessments will make it possible to minimize flood-related

disasters through the creation of proactive policies by local governments.

Keyword: Hydro-meteorological extreme events, Teleconnections, Statistical

prediction model, Flood risk assessment, Gyeongsangnam-do






Hr

PR

22 QIFL KR wmmremmemmemnemne e

23 BTN KR -oreemememrmememsnamem s ]

e =2 Hat

()

3.1t

3

3.1

Il

[—

=170

e H

AN
T 2

ofi

313



| M A T E c E N T E
3.2 ek KIS JR| $2 BIp-oromerormennornenneenenaes 16
32,1 BA7| SRR A -mcmemnemnmennen e 16
322 ARZIS 30mmOls E 2hy Sl 2N 20
3.2.3 TOP 10th S| 242k HeF BA - 2
324 KPS B8 ZAZ Ao 29
32,5 ERZ0l OfBt P4 B --mmmemenen e %
b N O BB IR oo 39
RN o L R 39
411 APZAY TARONmemmmmmem e %
4.2 AP B M e i
413 TNBIBIFE --mnrmemermemnemeemenen e, {0
42 NAD O BB -mrmemmemmeme e 41
421 KE7[BIPITHE D8 e 0
42.2 OISBT BHE D8 e U
4.2.3 ARMAp, Q)& ----====-===mmmmmmmmmmemmm oo 46
4.2.4 ARIMA(p,d,)x(P,D,Q) B8 ------mmmmmmmmmmmooooos 46
4.2.5 VARMA(p,q) B& -~~~ 47
4.3 HISAAAIZO| AS}------mmemememnmnmen s 48
43,1 O] QB -m-nmm oo 4
£.3.2 FM|Q] RF|+wwmmrmmsmemmemmemeanem e 4
——————————————————————————————————————— 50
51
52

433 2ol A&

4.3.4 2O =H

4.3.5 2Ol HT



T 53
441 DE OB Bpmmomemmmmen oo 5
442 HUAR O -—mmmmmemem oo 55
443 TR G FTp-mmrmrmrmmmememeosenenen s 60

BB EAEE 4

5.1 BRQBIE TI} RFE FAp-—mmmmmmemmommemommmos 64
5.1.1 EAIEA QIBBA| Kgmmmmrmmamememnonenenenees 6
< 65
513 BAYBIE BIF Q4 s 6
5.1.4 Rl FOHY THBIAL -mmemmommemeo oo 66
515 TABA YBE AIE A 6

52 e B4 QIBIE WI KT JH--oommmonee oo 69

5.3 REQ| BAS} U IHER| HR-mommmmrmem e 70
531 E4YBIE T} K|LO| HEE} --mwooommmoooe 70
532 BAQIBIE BI} K& TIBX| APF e 7
533 MISAIE B2 XER 47 --mvomemmemmommeneo 7

54 2 5+ 27| BAQUBE T} App- oo 7
541 7j7HE S4BT I AT 7
5.4.2 ALlm/2iLLE A7 18 SAQIBE TIF 2p-——- &
543 B47| HH EAQIHE 05 Zip--—omomomommoe 8

HE Y BRI oo %



6.1.1 =X 2 Eot

6.1.2 MAIE o= 2

=

S

6.13 &9 & &7

O
P

70

o0
ofll

L

6.2.2

102









1. M2

1. A2

1.1 818 H 224

siutct 971 Holwl whEwl FAuls|a Qlste] QInut Aol Brehe &4
zefskan olek 58] 9epo] wol WA Gl HEmA o Hito] ofxjo} ejHo
Ao} AR SR e S Qlste] B 1FE A3 9tk oleldt ¥
Srfae] 248 qulsha] FakAe W] IbHoR 2 LA 2T 4 gk 19
U SA AR B ARkl e welE Shakste] WAIsHs F4Ale) AAs oust
712k - ofele dolm, o] F V1A WM, FHIBL st cjulst
34} BHe AL e welo] Washh SN A %— A7) gl 714 wgE

O] A ¢l of|=(seamless prediction)©] 7Fs3l MO =2 Tt Tajof Z-A7]
o2 HuE Bgo1] Slat e seiciele] vl 5 5 A A7AS] 2l
O Sl oIPIG B A (A S A A o
Hp tfu]E fiste] w9 et doj=t & 4 Qv

53] Ay, Bt & 4Rl 715sH v UFel ofste] A A4 gt
el o] Wsle} Yz AN (teleconnection) 7|9k X ¥ S {3 2|4 EARANEEA 0] o
AiE2 47 eollSe 7hs e o SR et webd A qH af W
48 A AT 715 R ste W WAl Qom, SAUe) HRHS of
2 He) 5 Qe 715Qdaket EARIY] AE tHske do] ufe- Fast
, i sl GRS vAE di7] eduEe] Fa izl o
EAdERg 2o 221 A7) dZo] 7Hssit,

ofl
ofs
2
X

Sefubels A4 AR BEW 71471550 G,
Z913l0] vl-9- ZoFet X ojo] sfgsiu, uld ol Solul
sk a7k wus] Ak ook A7 e] §491 A F2 ) o
714 Aol ol oA Stk F 4714 Suielq F491de] thHsha S =
23} Foupo] Fopde Foluat s el 27h 8l AR BelolA] 2 o]Rojy
A ope Aolm, 1 FE-S 913 wEE oS nl g3k Aolch, T¢Il hul
F 712 A9 el ZAne] Feu 1 ol ullo] ik =2 Bk WAl s

o&
)
o
5
fo
o I
of
lo

b F” )



olel /1291 S5 9 7 409] LA A A
!

S O R AUkt ek 5 7Ty e el wE 54
4 9 o3 BT ATIE Seket © Fobrlol AT AFALE oste] AR

T o Ak Jopoll A I g7t 53] =2 AAolth

i

Kang (1998)& El Nifio7} WHAJ3E &0 S-eluel A2 71£0] B oo &
EE Boln 1 thes] ol S J4ge] F7HHE AAFHCH, Cha et al, (1999)
© El Nifio/La Nifia 31¢] $2ube} 715 S4o] 23t A2 Fatel Bl Nifior} 2
A ol Bol BeimeF 3]qke] wto] oA|x QX% Wstaty] el St
eollis Aol pehba gut oA 2A| A4S WHTH Moon et al. (2005)

Wavelet 41} SR 245 3 ANle EAo2 da|aat 3 A%he] 3714
SSTE o]-&3%t e-Euete] AA 719 o= 7S ‘%’5‘}?‘10 ™, Yoon and Yeh
(2009)= 1950~20074¥ E9°10] Nifio3%} Nifiod 34 % 2|42 o]83sle] U]

¥= 52 Hx7 | TEjE R A el H S the eastern Pacific (EP) El
NifioZ, Zotejg ko)A YEl= L5 the central Pacific (CP) El Nifio= % 9]
shalem, 19909 o]$-o CP-El Nifio2] WA HIZ=7} S715laL o454 I FEf
oy Ae] B BIeee] MY AP BT Aol 9SS WA £
Oh and Moon (2010)& -2ufete] 617l 7|42 2 49 Zh4afF A5} dl4H &
© A4S Bolo] BARAT FHE BAL B AU AL ANskgon, A9

HYI
7 g ol

feH 2% wEo w2 -2uete]
= 71 I

Kug et al, (2010)& 5 71X e|o] EI Nifio AP} S-ejibeto] 7] 5ui5o] what
EA% £425} Bl Nifio 7)ol CT El Nifiosoli= -2 et ol sit 2] efolAf 2}
718 715 E40] Qom, WP Bl Nifiodjol= mEg 7| F540] 8L A Hl

ol

=]
T’_‘/‘\jl

ol
o o

&

o

o
=



n

ino

3l El Ni

al

1. M2
Fof ol 7]

e 2] El Ni
A7t ol

=
A
A

°

.

’?_1
]_

A

J

!

Xe)

=
=

[¢)

=

I
o g
Aé‘é"a:‘

Fof Az o
2

HE

1=k
4

T8

43RS 93l vf 912, Yoon et al,

=

=

Modoki
J El Nifio2] Zlgtujeof wh

no
o
[o e}

kY

El Nifio Modoki&d o $-gji}a} of

o

37HA] S

El Nifio2} El Ni

o

R

0]
—

[¢]

9%

(2013) 4

o} Kim et al. (2012)

Son et al, (2014)

AA

o]

B

3} 521 4

=

-

T e % A7 e

gl

30
ok
)

Hr
Bl

—

4

=

Aolth

L
-

5

[¢

bol ze14j0ko)

o

_([)4

=

=

il

]
&

I} e

Apgle] 7]}

=

2} gt} 8% APCC MME A& 4]

2~
T

[

Aele] BLHQ of
[¢}

= A
T

T

NFA%ete] A BAS 79

=]

715 selsto] u}

A&z 7]

’I_

-
=

=

—_L
=
s

ol

N
o
ol

70

i o712 o

1

1

Aol A]

=



[e)
o219l AR, MA, ARMA, ARIMA,

o?i' ol
flo
14
=
)
o
fu
52
o
>~
op
i
rr
>
Y
nug

2 Brbska 1 A4S AES, B3, $97] B
FERAD BHE 1T Q2SO ol AY AANE o Bt
9@ we] 7S AASASIT, o8 FA SEA

g0 A7\l 5 HH TG YL ARG B AT F7] TP o

ol
ol
2
Q
(@]
+
(@)
<)
filo
e
o
ot

gEo R A AA o R FRATFEE Hrtetd, 4716 AR
S AAERGTE & A AE WA APCC MME 7§95 5 283
-5t 1y 7|t o A o AVNS- AT ALE 5] TRsd Aol
The Table 12 A9 35%=} ol =S Herfigioh

Table 1 AT U A 58k
Diagnostic Study Teleconnections Long-range Forecasting
(Climate Extremes) (Corr. / Local Impacts) (Statistical Models)
« Large Scale * SSA using PCA
Env?ronmental Chanae * Linear and non-linear * AR, MA, ARMA, ARIMA,
« Different Conditions gof ) Model Correlations (Ml ) VAR Forecasting Model
. techniques) Buildup
ENSO (CT/WP El
and its[ Lo/l/\efl Im 222] * Selection for the best * Rainfall and Climate
Hvdrologic Extrempes and correlated possible Indices Forecasting
it: Seagonal Variabilit Climate Index * Development of
e.. Precipitation y * Hydrometeorological Integrated Flood Risk
St‘rge.‘amflowp and TLC] Variability during Warm Index
' Season
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{Expected Outcomes)
* Atmospheric Teleconnection based Long-range extreme hydrologic Forecasting techniques
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Table 2 -7 efE oiEE 26l AEet Xi=

« Si~THRE XK1= NOAA (http://www.esrl.noaa.gov/psd/data/climateindices/list/)
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(URL: http://mww.esrl.noaa.gov/psd/cgi-bin/data/composites/printpage.pl)
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ol ESESE SEANR: DV AIEHHRIEEEEAARWAMIS, http://wamis.go.kr/)
¢ EiS Track HE: =7IEISMIE (http://typ.kma.go.kr/index.jsp),
U7 |NHENSKIZ(IMA, http://www.data.jma.go.jp/fed/yoho/typhoon/index.html),
ERSHTHE(TRC, http://Avww.typhoon.or.kr/)
APCC MME Xt=: APEC Climate Center (URL: http:// www.apcc21.org)
7|2 XK= NOAA CPC [URL: http:/Awwy.cpe.ncep.noaa.gov/data/teledoc/telecontents.shtml)
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(a] ASOS stations (b) Thiessen polygon network
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Table 3 a9 9N TidEs X1E 2R W AEE 2#EAE ERURE

Station Station Lat. Long. H h, Data hold
ID Name (North) (East) (EL.m) (m) Hourly
155 Changwon 35°10° 128°34' 372 0.5 1961-2014
162 Tongyeong 34°50° 128°26' 32.7 0.6 1968-2014
192 Jinju 35°09° 128°02' 30.2 0.7 1969-2014
284 Geochang 35°40° 127°54 221.0 0.5 1973-2014
285 Hapcheon 35°33' 128°10° 33.1 0.6 1973-2014
288 Miryang 35°29° 128°44° 11.2 0.5 1973-2014
289 Sancheong 35°24' 127°52' 138.1 0.6 1973-2014
294 Geoje 34°53' 128°36' 46.3 0.5 1973-2014
295 Namhae 34°48' 127°55' 45.0 0.7 1973-2014

* H means height of observation field above mean sea level, and k. means height of rain gauge
above the ground.
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Table 4 ASOS H=EAIEE EPdH] AREED

Stations CODE(ID) Thiessen Polygon Ratio Remark
Changwon 155 0.134507
Tongyeong 162 0.047733

Jinju 192 0.163304
Geochang 284 0.122128

Hapcheon 285 0.120785

Miryang 288 0.189493
Sancheong 289 0.129516

Geoje 294 0.038761

Namhae 295 0.053772

Table 5 a9 AKX Eldl S Al 2t
Cyeongnam Representation Stations Thiessen Area Ratio

TRA SE, LY 89.6%, 10.4%
ORARA] E, LY 89.6%, 10.4%
TIE=A T, T 17.0%, 83.0%
TISHA] Zel ek 89.6%, 10.4%
SGA G, 71, el 92.7%, 6.2%, 1.1%
ARA T, 55.9%, 44.1%
HallAl Y P 45.3%, 54.7%
LA e 100%
SN ZE, 8, Al 0.6%, 7.8%, 92.2%
LA R 100%
SIE TE, T B, AR 17.1%, 31.8%, 47.3%, 3.9%
gl TE, T B Y 68.3%, 16.7%, 5.1%, 10.0%
Eiche o, o, Y 9.3%, 36.9%, 53.8%
g e, 8Y, T A, ol 20.6%, 42.6%, 21.4%, 6.7%, 8.7%
ol el 100%
St Tl AR, Eo 37.6%, 27.5%, 34.9%
NES T, A A 35.7%, 5.1%, 59.3%
Eae HE, A 48.4%, 51.6%
e HY, & o 85.6%, 3.4%, 11.0%
e T AR B, A 0.4%, 28.5%, 52.6%, 18.5%
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AR B E Ao Qlste] WP Au @ Ado] WAt A e A oo
oPFAY = SR skl et e] ARt

B AoAe TSAH, 2015, APECY|SAIE AR 1A 2015-12; 2] A1tAx}
£ e R AUk AMES Eelokqleh. AP 21 El Nifio AMFE] -2 Ny, A=l
sto] FEsHE 370 o5t (moving window)#he A5l A EH(upper
quartile) 0,45 ©|A2 7|& 0 & 3}¢], El Nino7} ¥=s}l7] Al2Hsh= 3fj(developing
year) 9] THo|A 1 th33l &, 2|E|5}] *W’é}% dl{(decaying year)o] 29714] 8
7N &% anomaly7} 0,87 o4 A|&E= 7|7Hs 7Ieo= A4kt 19 7l
uhet AefE 67]2] 322l CT El Nifio Awg 1965/1966, 1972/1973, 1982/1983,
1987/1988, 1991/1992, 1997/19980|t}, ESH ZolefHoF 29 o] o]A&Ql &)=

2= Aol o WASH= WP El Nifio AMF] G- Ny, A0l tjsto] & ﬂ%
370 ol FH AL AP StaL AF9IES] 0.40 o]l B 7SR o], El Nifio7}
sy Al&belz slje] 9¥olA 1 oh3s) &, J*JEBM AlAFsH= sl o] 2 71A] 671
H 5t anomaly”} 0.40 ol A&HE 7|7k 7Ieo = AASHAH. 919 7=
ule} AEE 67§e] WP El Nifio AMFS 1968/1969, 1990/1991, 1994/1995,
2002/2003, 2004/2005, 2009/20100]t}, TFHEO & La Nifad]e] FE uj=o]
NOAA CPC (http://www.cpc.ncep.noaa.gov/)olA AlFgsts B5 7|22 83}
dJom 78t La Nifia AMFoZ AElE 3= 1973/1974, 1975/1976, 1988/1989,
1999/2000, 2010/20110]t}, Gof @ eF x| e] SST 27| ule} 7438} CT El Nifio
3|2} WP El Nifiodl], La Nifia 3f& F-&slo] A2lshH thS Table 61} AT},
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Table 6 SSTZ7d0]l e &t ENSO &ff & etLf s -2Zot

Differer:;r;l';/irt)isn of SST The Strong years during 1960-2014
CT El Nifio 1965/66, 1972/73, 1982/83, 1987/88, 1991/92, 1997/98
WP El Nifio 1968/69, 1990/91, 1994/95, 2002/03, 2004/05, 2009/10

La Nifia 1973/74, 1975/76, 1988/89, 1999/00, 2010/11

3.1.2 s+ 2= FEER E4

Figure 5+ El Nifio7} AJZtE]= dlo] 12€(DEC) oA 1 the3dl 2€(FEB)7}A] 2]
371 B2t Aojef R Tropical Pacific) A|Hoj|4]2] s4~TH-L = (sea surface temperature,
SST) = Ao ot 1981-2010d Climatology 2] $HJH A} (Composit Anomaly,
CAE #A43 dyto|t}, sl =2] FAJHA} 42 NCEP/NCAR Reanalysis
(URL: http://www, esrl noaa, gov) AaS ARSI TE A3 A9l El Nifio fj(CT El
Nifio) ©] 7-¢- o] Hlsto] B]FFA 2 £ sf¢H &=} dopdgf7} HFAt
o] FEE Gl FE AlEsto] SFEHI7A DAl S04 EESHAL S-S Sl
o 4 Qlow, T2 dof Hakt W sl 2 e SR A SA
o 2] JejEoF o AA o] A gAstaL )22 SISt 4= Itk (Figure 3a).
T3, WP El Nifio 82| 79 Hdof H|sto] vlg42om w2 -

Elj 58 Y (central pacific) X Hol|A] WA &3kl glow, -2 o] e gt A=
B A olA] B Th B2 e 27 skl QLo M Al

H|ske] HAPZL 2F25 &Rl 4= Qlth(Figure 8b). WHH<|, La Nifia 81¢] 7% ot
| 2]7} #| FAt] S ol A]

AA solA EEskaL = H

= FEEGA S el HEj B A AAo] 2A Sk S Eeld 4

MO 2 /3 ==
H(Figure 3c).
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Figure 4~6+ GPCC (Global Precipitation Climatology Center) Precipitation
V6 Combined (A A|A| 67,2007 T=A]73 2] Quality—Control® ¥7--a) A& g
X(composite analysis, CA)S E3}0], SHIEES E3lsl= ofx|ole} FEolAo}
ool thste] CT/WP El Nifio 4]E]7|9} La Nifias]®2 FE3}e] oEH(June to
eptember, JJAS) Global 74 W3S} ojel-S 246t ZAulo|th(Data: NOAA GPCC,
http://www,esrl, noaa,gov/psd/cgi—bin/data/composites/printpage.pl). TAH
2F 249 539 GPCC o] 24 9iEl 24 9] 7] 7k (climatology)2 19815
B 201097H4] 309 AEE AFEHICE

3.1.3.1 A= Al7|

Figure 4= A2l Ay W7o} 7|0 koA W=5H GPCCHTFF
of RS AT Adelnt. I™oA Heukel o], CT Ayl wd7|
(developing) 9] & (MAM)ofl= e £Z-2- HF o v]slo] Dryjt ez} A|&5
o, JHE 5 Jel A9 g ol visto] tha Wetdt Z o2 YAl o 5H
(IA = HEH v 55 wAlske A2 E4 % ATH(Figure 4a, b). =3
CT Ay 4E7|(decaying)oll= w&oll= HHH vt 55 A5 Ao=
Ao e &2 thd Wetd 02 HRIt) CT Ay 2E7| o532
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3. 3k 22 2M
U, ek oS el lste] Aao] gt Aol F3lo] LiEk Aoz &

A=t (Figure 4c, d).

(a) MAM : El Nino Developing
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(c) MAM : El Nino Decaying

GPLT Predipitelion ¥& Combined
Precipitgtion (mem) Comgosite Ancmoly 1881=2010 c¥fmo
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3.1.3.2 SUENHF AL |\ Al7|
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RS BAT Aol Rl Henke) o], WP Ay e 9] 58y of

SHol= oA 3t AeafiElo] Yehtal 3lA] efok(Figure a, b),
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Figure 61 2hUiLk W]l 45]7]0] shulmol B2 GPCCHS
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G A eo|A] o] Tasks AoR BA E‘r(Flgure 6a, b), gt SLF 415
719] A} o BAolE FHHE Aol ERF Zaale Wsks vebA ko,
OB} A Weke) ARANN oFe B4 Auol U Ao Leet
(Figure 6c, d).
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3.2.3 TOP 10th 19| Zbaat Z5

RO

.l
=

=2 T B7HE flsiAde ofd sfjof EAgh ﬂﬂiil%‘?—‘% oflz} F WA e}
Al A 9] 7 Fash u|E Zreth@Ad 2014), AR 26 159 A
A5 (seasonal variability) ¥ F3A (trend) 42 afiA= F& 7174 A4
(partial duration series)o]] Tigt 4]0 B sict weba] 2 A-FollA= e A&
Ao} 97 79 WS XS o= ol Aol 2A4 Wil F9AME] A §l
el T S A fIsto] vid AR A34=0] AR9) 10 A 7EA] o] WE

A FEse

i
L ®

a9

3.2.3.1 Mann-Kendall &4

T A GA RS HEEE F=4sk=t QlolA ] EAo] == o]go] Hu, A
AL AFY Fod-E IEs7] Qg w2 FAIEHE Wi Eo] ARE A gt %
H| 2 5= A (non—parametric statistics)= X450 tot 7P AA=Z 1R &1 =



golEolM A3 a2 Antste] FASH AA=

2l
_E_A%H—]o]l:l:‘ H]E 7@@ 5o Hy

4

3} SIS 5O T (distribution—free) @A Hol2tal e
St

B Ao AAGEY AR RS elstel Ao ATet B AR
2¥7vo] AREA o 7 HE AR AASE oW, EA 0] uma] A
O 7 AMEEIL Qli= Mann—Kendall #H74E& ARESHGITh A3k dol E2A8HA] Gh=tt
& AL 2 A *XHO L oYAE Bl H9E §O4E aol

Mann—Kendall AL HH2 HE ASAS BHASs tjxZel HHog £~/

9 74 BoF AAUARS] HESd AFPRAS Sste] TuA AEHT ot
(Mann, 1945; Kendall, 1975)., Fo& A|AE A= Y, (t=1,2,...,N)o] )5}
Yt =12, DI Y,(t=t +1,...,N) 2 A7|2 u|wslte] t}Sat go] Aoat

Z,=1 if Y,>Y,
Z,=0 if v,=Y,
Z,=—1 if Y, <Y,

A7), k=(t —1)@N—t )+ (t—t )2} 5¥ Mann—Kendall HH2| HAAHSA L
< U3 Eq. (2)~(3)} Zo] FojXIth(Hirsch et al,, 1982).

=3 ¥ 2 @)

__Stj (3)

€]

V(S) = T N(N—1)(2N+5)— ;E,;(Ei— 1)(2E,+5) (4)
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<10l j=1, 5> 10]d j=—1, 5=00]H j=0°] & L, G 2L
e e AEFY T, B =i WA ARt &3k 22 g e AR
Groltk, R3] Ba, ()9 Z7lo] MEHH §9152 ool Folzl Aurt 4T
(upward trend) E= 3} (downward trend) Zt=rlal &+ 4= Q)
|Uc|> ul—a/’_) (5)
Foi%l Abmol| tiste] S=o00H U, =022 Ha 24| ko, s7F il A

~
ol AFAFE 7, 57t 39 ghe A Aol AT it

3.2.3.2 Quantile Regression

B A 97N A WEE A BSAHTE 2014G7HA] AR G AR
1 o]

AZE AGARE 2EON0 AR D760 BRT T A

(NI

AR (box and whisker plot) B4 E3F FHAX|(min,), ARG
quartile), 2AHE]4>(median), 3ARE$]S(3" quartile), Y X](max.)2] 4FS 5t
3 Quartile 13} Median, Quartile 3 123 3 IQR (inter—quartile range) 2] X+
BdS EAsAeH, 2 Quantiled WEA0] S7HE Rl gk Al 24
2 AR dFEex) BAL Eolo] AASHATE %3l Quantile Regression
(Buchinsky, 1994; McGuiness and Bennett, 2007) Ho]"%ﬂﬂ Olsto] ZF Wi E9] A
of thet S EAsHA o= SHA| 2 AAIGAR S AP ¥ wde

B9 AEE B8 4 9k

3.2.3.3 TOP 10th Z=2ko| B7t4sk 24 Zut

Figure 9-& '] 97) T2 A%} Top 100 A7 5ael] ot A =at
a9

Fd Eréﬂﬁﬁu eIt Z1-ollA Ezvkel do] bl A9 4] 1084

13
[‘—1]1 0014

9] BoABL FAAFES AT 4 glom, Z2ke] BoABL L9lnES gl
Z71a%E R L Sl 4= 9k A155) A3 B 3RS 712717}



+0,358%, Median®] 7]&7]7} +0.132%2 Ueh 2o S5 Z9AMEY 5

Ueltes Aoz E45%len, 3IQRY 7|&7]oA F3lo] gl & 4= it
Percentile 90%°] sj&3l= 73aF2 67, 7mm, FAFAFL +0,506mm/yr= -

AR ] ZAME] S7HERRe] 7 2 Aoz EAE T 9 (162) A5 9

3IQRY] 7] &7]7} +0.160°2.2, Median?] 7]&7]7} +0.0972 e} Z o] &<
FPAPEY] S7PE] Sle Aom BAE e, Percentile 90%°] SESh= 2
61.2mm, FFA-S +0.110mm/yr2 B = AXhA] ZL-AHte] 714
WA ZLAMFY 7 Aol 7P & AR A X1(192) -9
3IQRO] 7]1&7|7} 40,2401 2 Median®] 7|77} +0.100°0.2 e} 2|10 242
FAMEE] 7] frElo] YEfths A o® BA w3l on, Percentile 90%°] 35}
L e 53 4mm, WS +0,055mm/yre BARIL QAN B
7V Het Al fiA Z9APE] S7H83K(+0,165mm/yr)o] 7FF & Aoz FAE<S]
ok A%H284) A€ - 8IQRY] 71717} +0.105%, Median®] 7]&7]7} +0.094=
Uehtt 2jm0] 848 Zope] S7hdao] Lehb 2102 HARGON, Percentil
90%°l| SEoh= e 47.0mm, 3 +0,201mm/yr= A4 =3 AZThA|
FPAVES] S0l 7MY & Aer EAESIH (285) AH 9] - 3IQRY
71&717F +0.376 2, Median®| 7|&7]7} +0,198 % UEl o] S5 FH-AMES]
7183l Uehtbe Aoz 24 ESleH, 3IQRY 7]=7[oA F3lo] ol & 4
Qlt}t ESL Percentile 90%9] dl|ddl= 744 53.9mm, 7ATFAL +0.123mm/yr=
BARST AN ESAAe FiARuT U WA S9Ael 1A
(+0.262mm/yr)o] 7P 2 Aoz FAE ]I, UH288) A|H e 749 3IQRe] 7717}
+0,078%, Median®| 7]&7|7} 40,0422 Ueht Z2of &5 F-9AMEe] S71H330]
Uehts 2e= A5 1e, Percentile 90%01 s k= 743 55.9mm, >
+0,113mm/yrz2 FAE UL AAZJNZ] FAVLS] S7H8Fe] 7 2 Aoz 2453
o}, 4H(289) A4 9] 749 3IQRE] 7]&7]7} +0.379 %, Median®] 7|&7|7} +0,227=
U} o] 245 Zoxpae] S7h4k0] UERIE Zoz Bawelon] iQre]
717104 5ol Zol & 4= Qlt}, E3H Percentile 90%°] @6k 74+ 55.6mm,
B +0.242mm/yr= FAE QAL AZ|) %] F-pAMe] SRS = A 29
ApAFe] Z7VARH+0,318mm/mo] 7HE 2 Aoz BAEgIT AR|200) Ke] AL

3IQRE] 7]&7|7} +0.0922, Median?] 7]&7]|7} +0.0532. & YER} ZHLof| 4=

oF
[e)

o
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29 apto] Z7174ak0] LR Ao BAEo0, Percentile 00%0] Skals
B 35.0mm, AR 40, smm/yre EHEYT AN E9ae) F7b
Aol 714 £ Aoz BAELE Jall(295) A7) 79 SIQRE] 718717} +0.2862,
Median®] 72717} +0,201% Lhehih Hio] S48 E9Ae] Z7bako] ek
oz BEANEQOM  Percentile 90%° lGdh= i 60.4mm, HIFH>
+0.133mm/yr HAEIQT AHTHH] B AMARe] Z7bAaERTH o Al WA B2 AlAe)
57 %(+0.20Imm/yr) 0] 7 & Aoz EAFHUT

Changwon (Station ID: 155) Maxima Value of 90t Percentile (mm/hr)
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100 0.8 1 1 1 1
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—@— Trend

Qua.mle 3 +95% Cl Band
804 —-—-—--- Median - T
! Trend of Average
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————— +95% Cl

Trend (mm yr')
o
»
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Tongyeong (Station ID: 162) Maxima Value of 90 Percentile (mm/hr)
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100 0.3 1 1 1 1
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— o Quartile 3 —@— Trend
E vartie 405% Cl Band
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@ E
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2 E
o @ 0.15
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Jinju (Station ID: 192) Maxima Value of 90* Percentile (mm/hr)
30 40 50
100 0.24 1 1 1
Quantile ?rzggesswns Jinju (192)
—-—"=- Quartile 3 Trer:d
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Miryang (Station ID: 288) Maxima Value of 90* Percentile (mm/hr)
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100 0.16 1 1 1 1
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Namhae (Station ID: 295) Maxima Value of 90t Percentile (mm/hr)
30 40 50 60

100 0.24
Quantile Regressions
31QR

Namhae (295)
—@— Trend
+95% CIl Band
Trend of Average
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Figure 9 A%
324 XM HE ZAY 4

BEAAY 9N 7VFIEAHES s AeNleside S BT A&
e SEZEE APESHIYE, SEE A S S AR EE ISARR
B 201087kAle) A ARE Setel QAR ALE 2E T UIA%
A7 SIS 28T AAE ARE Hg e R i 24 AdE H8e F
B AAAFRERS MG AR ATNEREE AT, 2 Aol
ATk A A F47) SRRE S AT A AE] 1004 W
ol SR AR Ak ALEEn

7R =2 Bl ol o5t SEF RS AP HleiAle o 22 P A
Ao gt} A=, th Ao ASH e A A, Ex A=A 4
S AT, ofefat ARt WENNS A3t /EARE ASHY, B2, 23
A= Higt FAA S4e wefstr] fsiA 71EA el SAGelR & o Q=
B, TR, ATE Ag, BOE AG 5S AN, GRS EXT] A
1 =27] :

4l H3lSol & oo}, A7 o] FA9)/4d(Randomness) S AESITE AR,
o SEREYS AR SEREFES EE (Family)o| wht
Normal Family, Gamma Family, Extreme Value Family, Wakeby Family &<

Lotk Normal #3Egtoll= A2 (Normal), 28 g2, 38
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SAFEEL So] a1, Gamma H3EFo= Exponentiali3E, 2¥H<4> GammaF-3EZ,
Pearson Type &3 (E= 34 Gamma-3E), Log—Pearson Type [IEL 50|
)0 ™ Extreme Value #3790+ EVI £3X (= Gumbel), GEV, Weibull:&3x7}
itk E3F Wakeby EXEofl= 54 Wakeby%i'—:‘TiQ} 4 Wakeby—‘g 7} e
sagon 0 qurge Foldy] fEd BRI LAEERs 3
2 27 o=t YRR, gaatEe] SEEEYS @%’8}04 MRS S5k ©
Aolct, eHEELO] 7|4 (Parameters)S F43517] 9Jaf ARgsh= U

HO o 717} Qo Wo] ol o g mH EH(Method of Moments;
MOM) 1} 2| 9= (Maximum Likelihood; ML), Z18]31 &7 M EH(Probability
Weighted Moments; PWM)Z} L-2H EWH(L-moments)5©°] At tHAAZR, At
Azl MR ABLTFS B8] T S 2] HHY HEETT
o FEUSL BT QAT 2AS RESHAE BESHe olt) o] Hghe
A o)ak *6‘]—Eq At AA o= EA o |2 (Chi—Square) A%, K—S (Kolmogorov—
Smirnov) 47, CVM(Cramer Von Mises) 7%, PPCC(Probability Plot Correlation
Coefficient) HAAE0o] vt AAA R, YAR AL xR | 714 Aekst 27 &
SRERS MG Al T 24 FBLEFS HYELE VEe R 2

ABkA] gR=cr, 18] uhiel AjQle] Weto] Fasteha ¥ 4 gick, vhAlE TR,
HAE BBLEGS 7P BEFOTFS AU ThE Figure 108 tjAESA
B82S A Aolet
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T— X T

—exp(— o },—00<x<oo (6)

(7)

A7|A, ot SHuj7iH<(scale parameter), z,+= A|7R¥H(location

parameter)©| T},

Figure 112 A AHY 29 MEaY +98 Fo B8 Agew 297}
E-Z|&A 7= E 7| ZHIDF, Intensity—Duration—Frequency) 4412 2HJ$E At



ap, dsfietel]l fIAIskL Sl AA(ID: 294) A3 0]
Ao EARE WS Aol YAkl Q= AF

(ID: 284) A|5o] 294, Tmm= 717 A7 Yepdeh, A-E =2 A 100 Rl 24
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481, 8mm= A=t AR G2 kA Ao fJx|gt At HEA] Gl x|t
A9 gg s 2k wAE w9 A YE e, o]= el o3t A vk
ol W= o2 vlwd] Fafiet X o] IAgt AAA| d4g F HIEo] A4

KX
=
e 7|25,
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on

Table 7 GPAE 26A210 2 AFEZD (TR mm)
MRz EE &3 s " 25l £ e A =

(year) | (ID:155) | (ID:162) | (ID:192) @ (ID:284) ' (ID:285)  (ID:288) | (ID:289) @ (ID:294) | (ID:295)

2 167.2 148.3 161.0 135.2 141.7 134.8 179.0 193.4 202.8
3 190.3 173.9 184.8 195.4 166.9 158.5 2152 231.9 238.2
5 216.0 202.3 2113 177.9 194.9 184.9 2555 2748 2775

10 2483 238.1 244.6 206.2 2301 2181 306.1 328.7 327.0
20 279.3 272.5 276.6 2333 263.9 249.9 354.7 380.4 374.4
30 2971 2922 295.0 248.9 283.4 268.2 382.7 410.2 401.7
50 319.4 316.9 318.0 268.4 307.7 2911 417.6 4474 435.8
70 334.0 333.1 333.1 281.2 323.6 306.1 440.5 471.7 458.2
80 339.8 339.5 339.0 286.2 329.9 3121 449.6 481.4 467.0
100 349.4 350.2 349.0 294.7 340.5 322.0 464.7 497.5 481.8
150 367.0 369.6 367.1 310.0 359.6 340.0 492.2 526.8 508.6
200 379.4 383.4 379.9 320.9 373.2 352.8 5117 547.5 927.7
300 396.9 402.8 397.9 336.2 392.2 370.8 539.1 576.7 554.4
500 418.9 427.2 420.6 3595.5 4163 393.4 573.6 613.4 588.1

B g A ellA ‘ic-“@f?l BE-2 3 off 370 st el dake i, 8t

SElutell WEdeH =7 $AIE, 2015). 74, 84,
s %0 = A9 oF 90%E AHA|EHH, of EEA 6dolLt
$7F Qleh & delds AEAY Y S Brket $- 47
TrHAE e A% AR A7) ffsto] Bl ofsl BT e 2416k
ot ke FoF Bl A2 =71l E (http://typ.kma. go.kr/index. jsp) &} B}
AAg A7 F e JF B ARE Fsih

Table 8 2Lt Fefs & EtE{1904~20141E)
= 1 2 3 4 5 6 7 8 9 0 N 12 2| B
2| - - - - 2 22 1103 | 124 | 80 | 10 - - | 341 | 31

At=: =S AHIE (http://typ.kma.go. kr/index.jsp)
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98.4mm/d, WRF(ID: 288) 88 1mm/d, AFH(ID: 289) 151,2mm/d, AHA|(ID: 294)
136.9mm/d, F3l(ID: 295) 136.7mm/d= YEPGF O W X|&HAI7E 1A7Fe] 7-9-¢} uf
W Bl o8 QPSFE g ukwel YRGS oE B3 Y5 o

sto] @2 ol "HiF drde 715 JeE E4EU.

(a) TC-induced Rainfall(1hr] (b) TC-induced Rainfall(24hr)

TC Rain(24hr)
Il 160.0 (mm/d)
Il 140.0

B 1200

= 100.0
]800

[ 1600

[ 1400

TC Rain(1hr)
[ 30.0 (mm/h)
[ 25.0

1200
1150
[ 1100
[ 150

Figure 12 oM EfZ0i| 2fet 242 2AZBIXIEARE Thr, 24hr)

3.25.2 AiL|x mHE HHSlof| 2 EfEESIES HSF

Figure 132 AUl WY A|7]2] SAEFF A oA LA HiE T ehit=o]
V= He= U2 2elnt. dYo] Td7|(developing)oll= 10.2%, 4{%]7]
(decaying)oll= 3.0% 57} stlem, SYHBY dYio] Ta7|oll= 8.9% S71,
HEZ]olE 12. 1% a4k, B3 2huu TV ols 14.2%4, HE7] e 4.7%
7P 50| SAEE S A BiF2 A wiE ) 4 veke 5 wof
H, dYkr} BEsp] AZfol= Al7]ole o] Hlghe] tha 2 8dHoA 9d=

off BiE Wt oAl dlea FAY 4 U

Figure 142 Uk 9MY Al7]o] S4B < olA] At
T vl EO] SHL AvE Adolth, I GF ehFS) B, Aol %
71oll 25.0% Z7F, 2157])
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42 WS 27 75 U MY W ZAAHE SAo=

AA E= vke o] CTAYk Al7]ofl= SRt F& Aol di AollA &
&dhs S BRlE = Jlon, AHARE AR A et —23.9% A, AEHARE 24
ARkl A ot -11.8% Hashe o2 B4 E AT T WP Ay A]7]9}F ShuF
Al71ele @Rl B Foll Sfjt A=t ashe A3 S7kshe AHo] &5t
e 5308 'S 2he e glon, WP Ayl Al7|ol= gl 27k A|5AIRE

S7HSET A S78 FHFAY ), AFARE 24470
A -0.9%FR(AFAS i, SRR F7D sh= A= F4Een, 2y
L Al710l= Bl 2Rk AEHAIRE AR A Bt 1.4%57HEAT AY 57 T5
FAS ), AEATE 2441700014 -3 9% (A F-LF A S7h) sk Aoz &

M9t

(a) CT El Nino (b) WP El Nino (c) La Nina

ASOS (TC Rain_1hr)
o 75-100 (%)
° 50-75
o 25-50

10-25
-10-10
-25--10
-50 - -25
® -75--50
® -100--75

Figure 15 L= DiE0| =2 Shte Hef EiS 23

—

(a) CT El Nino (b) WP El Nino

ASOS (TC Rain_24hr)
o 75-100 (%)
o 50-75
o 25-50
10-25
-10- 10
-25--10
o -50--25
e o -75--50
& e & o -100--75

Figure 16 QL= THEO| 2 SHtE HSF EE A>T

r
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bANAZE OIE 2 WL

4 AAIE oI 2 i
41 AAE 1tz 24

AAE A& (time series data)= AIZFY} HEo] #EH

data) AFRE WolH, wf ©AZHY, 9, +7], d )l et 2]H oz 4k o
ARE ARE gty AAGARE £4517] YeiA= 71 (description), |
(forecasting), A% (explanation), A|oJ(control)Q] Y| 7}A| AL 4=3§3}A =}
(Chafield, 1980). Y| 7}A] 5 FSR3IA|4F A O &2 ofSof| A7} A2l Hot,
ol Solet T2 mlEe] dofd AR mlg] FarA} sk Ao|BHE Fou oAl 4o
Sk Ao A9k AR AR of| S5 Rtk 2w ol do] ofd 4~ gith E3t
ASAE AUt stetal o] & 1AFHY] fJsiA= e ZALE =87t &l
o] Qlofof gttt AJAGAL = O] A9 HA L] Ar2RE dojzl Mo sjgio] njof
= fAE Aolghs 7HS shal olile AR ASE sHAl "

Bt H(cross sectional
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A2 Aol Qs AIAIR Y] FA88le defshe Alolth AAGe] 8l 4
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= AAIEY 8 AE F7] Heale aideitt 477t vl Faetelet 2t
TAE A71F7)= wagle] H4gt dojct, @ AEA(seasonal factor): F=
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Mol
(trend factor)
- AlAILo] HetE

o AIEE

@ =gl
(cycle factor)
- A|A L0 Bsts

L =
£ B/|8S

® AEa
(seasonal factor)

- 138 77|z @M
st TS

23299 (irregular factor) — =73 2l ¢f Z
A ZER 2212 Hdstn 22 HEZ 203

—

2 2AHEE 2 ojet Al AEE Se
s

Figure 17  AAY K=ol 4Rt 472 2002)
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A A= F AEAY % g Ak=2o 7w
Eo]% AR A D7) 50271 DE AL, 715A]42] 7

2
a3
1
)
X
)
R
2 2
I\
filo

filo
>
>
o
L
re
re
-
=2
>
>
o
o,
>
A

4.1.3 HM=tETPY

AAEHE I (stationary  process)> O Hato] UAHSICHEE tof sl
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E(z,)= )2}, @ FAto] EAst Ageolch(BE o tiste] Var(z,) =~(0) < ),
a8 @ F Al Aol Ap7]E Ak AR H(time lag)oll TF o& STH(EE t$} s
of tall Covlz,z,)=~(lt—sl)) & Al 2UE WEsh= FEAYS A Dol
I gty FAIE 2 AAIE, AgEe Biso] SUFsHAY Hadhe AT 4 Al
A, AAZe] gt Fejeo] vhgo] gl F= FAAAAIEL Wi E4] &3
o}, gt BAAAE {2} B2 Bz =02 7PP%T vk 3 AAGe] et
E{z}= 0012t 2,7} AAIAGol7] Witol 2,9 Bt pE 2 oA AANE
A, & z, iAol 2, —pE o83t i Bz =02 7PE 4= Stk ok Figure
182 xS BE WSSk AlAIE Y Alwatoln, 919 A 271& M YhEs)
= AAAgolR we- AT B5S ZHA "t

52

rlo

T UV Vi L) VU
VYT
D e} =: A|A|"O| ¥} Zo| \ TR AJAIRE QS £ A ApO|©]
Azk stol 27 S Shmgam oo TR

Figure 18  HAMZ7IS UHESk= AAE AR

4.2 AAE oIS 2

£ AT A 7S ARE UG AAD 5T 71 FA5 AA
A )22 9Jste] ALEE AAY AZBFS theel F 5744 myolut,

® AR(p) A}7]13) A3 (autoregressive process) =&
" MA(q): ©]5H a4 (moving average process) 3

= ARMA(p,q): A7 8 Yol = H 4 (autoregressive  moving  average

process) 23

® ARIMA(p,d,q)x(P,D,Q)12: <% A &3 ARIMA(autoregressive integrated
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moving average) =&
® VARMA(vector autoregressive moving average) %3
AR gt v S this] Hal e dd AAGE AR 35 flolA
AGSE 5719 =& (AR, MA., ARMA, ARIAM, VARMA)S H5F ARESIH o, 7|5
A58 AAG AlSell= 3719 2 (AR, ARMA, VARMA)< /\F‘lo}‘ﬁr/} = Aol
X AL AAD o2 28 T SAL 27 HesRon], 2R e (984
I 771 2002)9) g W8S Rarskaict,

4.2.1 Xp7 |50 23S

24713 17 (autoregressive process)<= AR(p)aHgoletal st A[AFL] A
o2 WA S ol AHEH T VY dhs AR AXH OB E ule Elgsitt

HA
i & g Qe A5 Egolth

4.2.1.1 AR(1)ZPH

AR(p)J—WOﬂ p=1 F9-5 =ohH, ARDIFS o] <10]2h= 7MY slollA o=
Eq. (8)¥ &2 ‘-%- 2= mEol,
2, =Pz, ta (8)

o714 o= Bito] 00|31 RATo] o*¢l WAl 1 BE k>00] ths) Cov
(ar, 7 )=00] BI% Hth, = BgBRAAS ofulgic, 919 AofA] HelH ARQ)
B 58 st 7HE Mz gl
Zro] I 2% R o] Fol=t A4
ehe 79 Slell the Ba. (92

| 7P w2 AEE 7HAAL QLA A

rlo

I\
-
|
O

14

Aol et 2ot} (o] <10]

(k)= Cov(z, 2, ;) = oF Var(z,_,) = @k'y(O) 9)

o] Aol ThA] v(0) & ol Lrel 1, T Eq. (10)3 ol o= 12 A7)
Aol bR Al ",



Corr(z,2,_ ) = " (10)
5 2,40 5,5 A¥stet o] AAHHAE THAAL QAL 2, = 2, B AWSH

Lok, k> 20 4RSS ZHT QLonE Agle] BAR B4E 5 2o Bt

o
20 ARE 247

4.2.1.2 AR(2)zPH

R(2)IHE AAE A7t 42 SAHEHIGL e
Uld A3 27id Ao AR2RE g2 992 e AL
< U Eq. (1D2= AR IPFFA AALHA S4drt

o) @Ale) AL A
2 nE myolrt, mys

2 =Pz +Pyzy ot ay (11)

A7 0= Hiko] 00| Hito] o9l WAHETH| T BE k>00] s
Corrla, . #_)=00] Sk, AAE 2,71 GAAARol2H= 714 oAl A% z,A
s ol 8o1o] ZIHgS AT 5 AAstol 1(0)o] Bojo] Aeh, T Ba. (

o} o] Liepd 2= 9c},

(1—a,)0?

1+ 0,{(1-,) 23} "

7(0) =

oA7|AM, @, 3} 0,9 FAHAE T =W ARQ) IS A dHE e AR
tiste] gk 4= Al "rk ARQIA S A9 AAL 2 ASAALD S 7HsIA=
o o] <10]2hz 7HdE Stk AR(2)IE ] 9= AAIE 2,7t AGAAL Y=
7Pkl Qe B R o] THge A 5= Sl 0,3 0,9 S 2Aste{oF Tt
7(0)>0& W=tz REE vlwshs WS AMSHY, tha Eq. (13)= 7

% 9l

D +D,<1, ¢y —P,<1, —1<P,<1 (13)
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4.2.1.3 AR(p)ZF

AR( I AR2) IS GRtst AJ7] Ao] 2= pE 7HA]AL = A7)k
(autoregressive process with order p)©|2} 3}al AR(p)¥Aolgtal %7 gtc) =
25 ARl 2o 1s 200 s 5o, BEE THAAL QLA 2, 019 GH2 A5
Ao g Hadts AEE 7H= AlAIG ARt mygolth AR(p) L] 48H W

L o3 Eq. (14)3 o] 8% 4= Qi)
=0z Pz Ht..t2,Ta, (14)

o] Iy Alq, = Hto] 00]aL FAlo] o? Q1 WS I o]a1 RE k>0 Hf3]
(e}

Corr(a, , z—;) =095 7HFskaL ek

K

AR(p)I 2] A7)t v Eq. (15)3 o] yeRd & it

pk)=p(lk—11)+Dyp(lk—2])+..+D,p(lk—pl) (15)
o] A& &-A(Yule—Walker)®dg 2] o]et stw, 27 o%&;}i\rﬂ TR
of 919 Ao =RE sAE= p/Y AHYEAS Eo] ARATES 7T 5 SUth

4.2.2.1 MA(1)zPH

MAM IS o] sHagol wet FdSHAE th Eq. (16)3} 2,
z;=pta,+0a,_, (16)
714 a2 Bago] 00]3 HAko] o* ¢l WAkl T 7 A1H WA
SRS o 71N S ol gl HEE MAMOIZHT Tk, MADTEe] B4
o W selol & oe mES Ags=d ool A sl
=pta,+0a, 4l 2y = at_aat—lg} 2o xS 2 ARSI



MA(D) 9] A7|g-2Aket A7l thaa 2em, o9 Eq. (17), (18)

—60® k=1
Cov(z,, 2, ) = {O g > 9 17)
_ _92 k=1
Corr(zt7 zf,fk;)_ 1+0 (18)
0 k> 2

ol z& AW fl8l 23 2, Wo] AEE T HE & 4 UArh 9714

=
FHHOR o 4 Gl AT AL MAOTES Tt AALE FAAALY
=

4.2.2.2 MAlq)FS

'Clq—q /}_1' Z :af_elat—lg’] C)E_l‘iﬂx_ E-ﬁé, é‘ Zp—19 Bt—29 v s Bp—pd ]-O‘ Zt% /g
Hotr] Q3 AEE 7HA|aL 91E wfe] -2 ofgjet T2 Eq. (19)°] HW, o|&
q)Hgolekal FAZIT

o

zp=ay—bha, =005~ = 0,10, 1 — 00, (19)

MA(q)Ig & 27| &-2Aatetarel A7) daet= ts Eq. (20), @D o] 23

3 5 9k

_ 2
COU(Z“ Zt*k) — {( 9k7+910k+1 +---+9q*k:0(1)0 k< q (20)
0 k>q
—OF OOt Oy iy )
Corr(zy, 2, —y) = 1+0+..+06: - (21)
0 k>q

AAF qofl A ATE g8l (cut—off pattern)S 7HAIAl =1 MA(q) 22 AR(p)
At e A GAAAZAS IESTS & 4 ok MATRY O] EAA 5 AR

(o] R T m g

2 WES] R MADIYT 934 2 Hol7t girt.
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4.2.3 ARMA(p,q)2&

ARMA(p,q) 3> th#2Ql A shgrgoln, AAEA oA A 3]7]o]
T A A (autoregressive moving average process) 2= E7|E T A|AES F
Qi w2 HEsh o §-83%F mgo|n, Mo AlH(Identification), 74
(Estimation), 7%(Diagnostic checking)®| WA= FLAo| HE T o714 Z}7]3]
A (autoregressive process)> AR(p)ZE #FAo] v, o]lFHHIA(moving
average process)S MA(q)2 XdE I, AAIF]7|o)5Hd A (autoregressive
moving average process)< ARMA(p,q)= ¥ &= 4 it wehbA] AAE 2,71 F
S1ETHY(AR(), MAW@)O] ©J5to] Zha} Awel7] MEke & stEuAo] BAI0] A%
S13L 9182 olujshs maolth Te|mE AR(IAY Aut MAQIAEY A 3
A, e B, (22)7} ek

2y =Pz o+ Pz, ta,— 00, ——0a,_, (22)

©]Z ARMA(p,q)Zolata #7]3kc} 18jB & ARMA(p,0)= AR(p)ZHo] EaL
ARMA(0,q)+= MA(q)1}go]

4.2.4 ARIMA(p,d,q)x(P,D,Q) =
AAR Qlst v|AAAL 25t Y&l A-dXE(seasonal differencing)HH-E
2o AAAGe F7|15 sehal o o AEAES ok Eq. (23)3) 2ol FojH
V2 =2 — 24— g (23)

oftf A to} A t-si= B A £37] wjie] ALRE olF A
(Vb= s+ 1 THE B o4 71503kl Gloli ABRE 24 gheth v 2, 8
DY Aldet A& v Pz 2 2718 o, oA dE ARIMA 282 thd Eq. (24)9F 2
o] Hojgir},

B(B )Pz, =0(B)a, (24)

o7]H D= T4 1013 o= 7129 HIAEE ARIMA(p,d,@) 2 2Fst 2 = Q=



(seasonally adjusted series, deseasonalized series)

oJ
2 A7 5 ) BAEE AAE ARIMA HE2 th3 Eq. (25)9F At
»(B)V%a, =0(B)a, (25)

0, ®Abo] o?Ql A s WE WAool Eq. (2)9}
Eq. (3)= @Al &8 ARIMA(p,d,q)<X(P,D,Q)s =fil dh= th=9] Eq. (26)2F &
L ZHAASE ARIMA (multiplicative seasonal ARIMA) &S 48 4= 9o =}
BAEO B B(vIVY)=uS ZES SUALT ARIMA 25 el B,
@N} Ao 712 2005).

»(B)®(B*)VEIVz, =0(B)O (B, (26)
6(B)®(B){ VIViz, — ut=0(B)O (B, 27
A3 ARIMA Bgo] Al 27zt 3 o 22 v]A 43 ARIMA 22| A1,
4, A 2 oS o] o R IEHo gL Fosit thyk o] AlHo| A

P
AMY} AR ACF, PACFR 242} Upiro] BRAES Gek Aholo] ¢t

4.2.5 VARMA(p,q) 23

CHHEFA A D (multi variate time seires)EARHo LA%E AMe|EZ7FE 3 (state
space model)S WE (vector)2} 3Y&H(matrix)S ©]-&5HA Hol oE F AAES
{7100 t=1,2, -, T}, {2, t= , 7Yt b, = AADo] A42F ARr(1) T}
e et @ uf, o]E PSS the Eq. (28), (29)9F Lt

21t :¢1121¢71+a1‘t (28)
Zo 4 = G211 T Ay, (29)

ol F AAEE FHA] AR 2ASAS & ojH WAE s Tt
o ofd He 7iAdsl] flste] ¥ v Eq. (30), (3D o] vhE & Utk
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21,t :¢11z1ﬁt71+¢12z2¢71+a1,t (30)
Zot — ¢2122ﬁf,7 1+ ¢2222ﬁf,7 1+ ag, (31)

‘(H-O/] é}% - *]7"”0319] ?:]_%Aé% ]’]'E]'Q']ﬂ ‘?46]'04 ¢1,222,t—1‘ﬂ]— ¢2,221,t—1% ‘7}‘7]'
gl Aolw, ths Eq. (32)9F o] WEHE 3T o~ T}

- )

Zo.t 91 P22f\22.4 Qo ¢

A7|A, 919 Eq. 82)= Z4,-9,Z, ,+a, = (I- 9 B)Z, = a, = HHT 4= Q)&
], AAE HE 7,7} VAR(1)IA (first order vector autoregressive process)<
wpeca g

QL AALE 2, @b 2,7 MAQ) IS wWETRL P, A[AGHE Z 7}
VMA(1)(first order moving average process)S W2= 7AQo|t} o|& &S} 5
H o2 Eq. (33)7F o] S 4= QU

1| _ (1 O)(au)_ (911 912)(6‘145 1) 33
(Z2J) 01/May,, 051 025)\a2,1 1 (33)
/51](3)‘8‘ 1:]—/\]’ Zy—a;—6Oa,_ = (1 - @1B)at Rkl 4\‘ 9\)11—’]'

€] Eq. (32)2} Eq. (33)& HI'E22 VARMA(p,q)E 2lolH, th Eq. (34)

o ol 2 4 ek

(1-@,B- 0,8~ - &,B")z, = (1—-6,B— 0,8~ - OIB%a,  (34)

VARMAR %S ARMARZ T} 7| 2 A 20e wEshe AdAA gt
S BAAIo 7 3, thHEEAY Z A (multivariate stationary condition)< Tt

Zote AAGS thoR B
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whebA] HIAA B S 733t stofof st BIAGAIAI DS HAA
A WA 2A2A F4hs destshy] Hsl HEHe A8

dubd oz tHe S o] &Rttt B AFFAIE 2 AAES BdEERE L
2 3} 517 %’4311 A= AHE(differencing)2 HAIRM 7

AR AAE &5 fIske Box—Jenkinsi’J ARIMA W EoA= &
(identification), F%(estimation), 7 %l(diagnostic checking)®] A ©AE # A
dl|Z(forecasting) S 4~3Yd}aL, ﬁ]@i ARt B dS sidstr] el

(seasonal differencing)¥iH2 ARE-SHCH

4.3.1 24| QPNF

AR Ao AE AERFRE ST %—i‘—oﬂ oJste]  BARHYSHvariance
stabilizing) 18 TS B a GOABEA)] ket choret Fef] Hustol
7Fe st tha B9 Aaks Fote] ZARMSEE o] R A9 afle 3 4 9L
o}, 32 AFEE Hghe the Table 99 Zron, H Ao AE log 2, SRS A
AlBFATt.

1

Table 9 FE NET/= HHelo| 57
a -1.0 -05 0.0 0.5 1.0
1S 1
e z J log 2, Vi 2,

4.3.2 Z=Mle| ®M|7

AAAALY Be Aok 5] thie] AL FAE Y 4 gick

metd ARFAE e AAge AYEEEeR HIPsh] e Ak

=
(differencing) AR HIAGAAES FAAALGR W= B HA 2224
AR AErEiel] sl HEHE A8t o€ AT e R ARk o bl
AAJsto] ZAke] HHeE

ghie o8&kl Qlrh. YAtEe] thoke] Box—Cox e
17171 f18te] 2+ A AIE Zf=of AAAZ1HSk} 12} X (1st differencing)& 4]-8
3 So] AA AT 3] A-FY] 128 7= AL HZALL HS &
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N
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1
o

0
A

24 Wk YIRS SHo=

2= QST WEkA ALz Ade] B AAE 913 A A E seasonal
differencing) & AABIOIoF Bc, B ATOIAE A Ale] Zaak B AAA
Aol ookl Box—CoxWEHS AAEH & 12} 483} AHALE Saaloit,

12 FAZE EARAL B G, the Eq. (35)9F o] 1A} ARE(first

differencing)& AA|3HC}

014

VZtht—zt_lz(l—B)zt (35)

13} AR AAY Amo] 23} FA7E AT Bk A9 T Ba, (36)3

Zro] 22} A}E(second differencing)S AAJFIC}
VQZtEvvzt:(Zt_zt—l)_<zt—1_zt—2) (36)
= (1—-B)*, = (1-2B- Bz,
=z =221tz
AAZR et v LS Es7] el AR HE(seasonal differencing) ™2
2] AR 7715 seh 3 o SRAAD ARA s =128 F5HH Bq. (37)0]
e,
,_1/2 = V12{_ 2y 2 _ (— 27,1{2>} (37)

)71/2

- (thm

7 AAGARY] AARTAT 1AALS AX AR AAN] 95 A
beg 23 F9) AL (1-B)(1-B inz |9 AREE 24 o o)y v
Apo] WolA QS-S BRI S olr, AAY B4 Al U AR RS A AR
o] ACF, PACFE SeIsto] o] A48 2HaAT, S A SRAA DA

o FAIe} =710 AFRFAAL RAto] QMY StE RS2 SHIshlTt.
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A mRe BRHes AHdel el o HES mEel A(model
identification)©|2} 3t} ZEZA O F AR(p) HE-S PACFOA ATH o2 HE pE
Q3 4 QL MA@ EBE ACFY] AHoRR oF A2 4
9} PACFS] 542 ol 8510 pot 49| S 25| ML
ACE, PACE 481 410 251 NG sk R 1 40 A
< Y= AS g1 & 4= Sl
2 AFolM = A7 (ACE) &F HAZ |3 Ee(PACE) & LR Shof 24
NARA R B WIS AR, QYR BN 7|20 A
= EAeFel AIC (akaike's information criterion)?} SBC (schwartz's bayesian
criterion)©] gto] 714 We B Msjsio] BRA W A4l ol gaioirh

ATC9} SBC= Egs. (38), (39)3} 7+o] % ojsict.
AIC=nanA2E +2 (p+ q) (38)
SBCannUAQE +2(p+q)lnn (39)

of7|A, ne AAG BEGE Aeln, o = o? ] ArbsESY
L 9o WAPSEA pot a7k ARl wet AlCTS 77 o
urEoE mye] mau B gt F7HH o, 9 ghe Aobxn, uehs
AICRLE ol Floluf F7bells mo] A AICRES F7) SHHE R4S ol

EIAE Aol WHEA] AICEEE ol AL ohth

O
e gk o

4.3.4 D&0| FX

RPfo] B34 (model estimation)S 3l ARS-E= WH-2> FA Al 7147} 9L
o} A HAR, 2A4F FAAFH(CLS; conditional least squares) O & M43
2 73] 517] $Istel Ae @ o] Bgo] £AT AL AE B Ao A
002 IPAZ Aol A Al ZAsfshe otk o] XS Altke] H]
HhH A2 B fSgo] e AETVE Ao R o] §EA] Hh= ©ho]

Qitt F+ ﬂﬂﬂi H| Z AR ZAAEH(ULS; unconditional least squares) 0.2 $F9]

El
N
N
>
rSL'
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rz
N
o
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Ao
0z
N
=
I
H
o2
Bl
o

0

Wpel Aot e 2410 glo] AAAIRTE Hastst wolt, Al WA H9w
q
o

ﬁa

SAH o Hrjslshs WoR B3] e AL Waw dith 2 Aol 1y
o BFAS R WY F A WA AT ALEFPHMLES Agagom,
moeo] = A Eq, (40)9h 2

5 )n/?-(l - ¢2)1/Qexp{— %S@, u)} (40)

2mo,

L@, 1 o) = (

O-(l
9] Eq. 13) 278 #5H AAD 2, 2, ... 2,9 2dELR T B
@, 0, 1, 029 734 (Likelihood Function)S st 7] o2 B4E 23| W

% get,

435 @8o| ZF

24 wge] AT WAL 2ol s AP o] T Belshs
232 HA(model diagnostic checking) A4l ARE-E&= BHH-2 3 F 71X|7}

k. st A= A7 A (autocorrelation plot of residuals)$l
ACF®} PACFE 7elw3 WE AxlelAe] {714 8 fx7] Ato] 53] 0o
PR BRIk Alolw, thE sk W EERFES-FH M (portmanteau
test)o|tt, A WA= Atz A7t S I Ee 24 e ZEA]
= £2/Vn & A8, o]& ZFAHEA| (residual analysis)olet gieh F WA B
o] ZEWME A (portmanteau test) Box—Jenkins%“ﬁJ ZA%S Ljung
and Box (1978)7} 7/|Ast Ao 2 AAEAZ q. @I Z JE7HD 7y AT
H AAE o5 o] Bhgsitt. "olrt, o]Zlo] Aol 919 QEATE A
o8 Af=rt (K-p—q)Ql X’ ®EE wErh

2
Tk

K
n(n+2 Z

(41)

A7NH, & A F AAL AZEGY 3ol 29 ARFOIT r AR £
WAL 7k A7 ol KW, K=n/5)= BAAE o SE8 2 ARl
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re

= Ao A =ARMA(p,q), ARIMA(p,d,q)<X(P,D,Q),, VARMA(p,q)=2 F4H I
o] A7t Wizt Zat o] ebds| e sty 918ko] XPXH A7
ABASE Folgon, 24720 ZEVME S HAEY A BAH LF FoisH

o 2 2 SISt web ngol Aotk 9710 71200 Rofel 2y
A

44 NAE oS

Box—Jenkins {H&o| wte} 7} A] 74]°é°ﬂ A3t mEg LEate] 1270Y A& 3t
pl Zn+12%—?— J5121TF Box—Cox BISRS Ealo] Yxta AlA|do] 7kA] L 9l 34
o} A BALS AAs & malo] Aldyt 24 AR AL AH uSolz AAL
= % 53to] oS A HMEE RE AAYAEE SSA (Singular

Spectrum Analysis) 7| ©]&3%F FAAEEA(Principle Component Analysis,
PCA)Z AAJste] YRR A|A|Gof| 71 Ae3E RC (reconstructed component) A
AG A2E FE5H9 oS RSl EE5IAtHEAd, APECY|SAE A1
Al 2015-12), e Ao AFE E79ollS 717 2015 1~12€7bx]oH, Adf
BB Ao 71570%0] 9 20154 109 ~ 20179 127k 2 3]k, ¥ <
Tol A G5 i A B AAE dlE2 LEAA FAEA 7R gretl
(http://gretl.sourceforge. net/)& ©|-833Itt Figure 192 & Atol A AAISE A
A AR o5 1go] et wAEole,

[Original data] [Time series forecasting using statistical model] [Forecasting]
(D Rainfall !
@Nino3.4 | — Box-
[— [D SSA
N index | transfor (L[|
@ Ner — | mation |
@ Nypindex | —/ |

Figure 19 AVIZ X2 OIS Ve 2Ale



| SAR HAYE 7| IR-E YIS 2 715 2 HM8Y "Wk FHAKAE SdeE

441 2 Ol=d It

AAE o& mygo ot L7FS &4 HUHE flste] AA(c0), ARAS
(R?), BAAFT2LAHRMSE), 183l S22 2N VE)E AHgste] I=3) =9 4
= W|w-EAEFA

Ea} wPol O oI5 Ak BAH ABY BAL 9ftel, HBARCOE
Foko] WISk, YukgoR ARARE F 2
Aol e FRE ATA EA, FF UEH AALD 5G] o
of el 7| 2F AARA A9] FHAES B Aste] AYARR)E A4
Shgich. BEARI o AR UL BH] AT ABASE B

tol Ve = Qlom, AASE Ba, (93 el

n

2(371 - 5)(3/7:_ §>

i=1

CC=— : 73 (42)

2 — —
B ="gor= ' 5s7 (43)
VA, o W BERS AADAR, 5= A Rl ofgh Yo =
© AAGARo|}, ER, 7= izx o1, y=—+ zyl Jc}. Eat SST (total sum
ni=1 n =
od squares)«= £&EH40] 2RALo|n SR (regression sum of squares)~ 23
oA A== —‘:/:_]', SSE (error sum of squares)+« R0 A Ago| TR b= B
Ab & ZAE oJv|gity

So= 23 dael exjol dig A e el stel Qikdel £
F2 Wol AREE = HAAH L2 AHRMSE, Root Mean Square Error)-‘i] o} W
91 4.2 VE)S Aol Brlaken], Z12ke] A ThS Ras. (44), (45)9} 2
o] Lepd % ek,

2



n

(8C,— 50,)*
RMSE = || = - (44)
Y.5C,— >80,
=l =L I%100(%) (45)

Y50,

i=1

7|1, SC= AAL 2ol ofste] lSH dE oS AdeFelH, 5o 5

YA, ne AR A5E uidnh

Figure 20+ AR(p), MA(q), ARMA(p,q), ARIMA(p,d,q)><(P,D,Q)12, VARMA(p,q)
o] iRt BANE 2R Foto] A ARE S oSS Aol Z,,,,9
of|& AJA| Y (forecasting series)} YA= A]A H(observed series), 18]l oSSR o)
O3t Ake] Ht 7S onsk= MME (Multi Model Ensemble) 2% ZA¥HE e SIch
A5l ARERE AAGA RS AE TS AREE 2014 129704 9] €709 TSAR
o), o2& 20159 1938 12971 At

AW Q7 o2 ATHE AR (Table 10, 230, F(D: 155) X14e] 7
S @9 AASE MME 230] A} 0,852 714 ] UEhkon], AAss
0.730% EHET HRATLoAL 8H AT} TP AL mHFL AR() BT
(RMSE=84.9, VE=27.7)0|, MME =& ZA3} T3} & WA Fs3t 7|25k}
B(D: 162) XM A4S, m¥ WA VARMA(p,9)2] 27} 0,672 7H &
A Uehkon], ARAISE 0,455 BAE QT BRATEZOATL 7P 2 Urehd
23S MA(q) 2H(RMSE=90.6)0]1, §4ox7} 71 22 mEe MA(q) 23
(VE=—0,4)0.2 BAE}, A%0D: 199) 24| 4$, w8 4wA4s MMES)
A7} 0.75% 714 A UeRgon] AgASE 0,562 EAET, BRAEIe
A7} 714 A7) et mEe MME 53 (RMSE=88.0)0]], £4 037} 714 e
g2 ARIMA(p,d,q)X(P,D,Q),, M (VE=-323)C& EAEIc} AZID: 284)

’



| SAR HAYE 7| IR-E YIS 2 715 2 HM8Y "Wk FHAKAE SdeE

A0 g, BF AHAG= MMES] 2317} 0,832 71 A UEkgtow, 247
= 0,698 HAESY FHaAlELeat 7P A Yehd 232 MME 23
(RMSE=86.3)°]H, &4 7} 7P 2F2 B2 AR(p) P (VE=11.2) 02 FA %]
et} 3HHID: 285) A|AY AL, By AAl= MMES 237} 0.830.% 714
A vetgen, 24A5= 0,698 £ B AL ex 7P 2HA e
W HE2 MME X (RMSE=86.3)0|H, 824 eal7}t 7P 22 2y AR(p) 23
(VE=11.2) 0.2 BAE it WF(ID: 288) A HQ] AL, ©d AA 4= MMES] 2
70,752 7Y A UEsk e, A= 0,572 EAE T BAlGL e}
7} 7V AA] YeRd 232 VAR(p) H ¥ (RMSE=88.8)o]H, &4 27} 71 22
L MA(q) 2 (VE=21,0) 28 BAE|let AR (D: 289) A4 o] A%, =& 4
WA= MMES] A7) 08622 7H =7 Uelgten], 2344 07302 B
A=t BeAEEAE 7P A yeEid 232 ARMA(p,q) R2F
(RMSE=79.9)0]1, €2 a7} 714 AL B2 AR(p) 28 (VE=0,9) 0.2 AT
ek AAID: 294) Ao -, 2E AHAFE= MMES] 237t 0,592 7HY &
Al vebgtew, ARAsE 0,342 BAE AT, B AlGZex7E 7 A vebd
nES MME X&(RMSE=92 4)0n], €927} 714 2o 2 AR(p) =¥
(VE=-1,9) 0.2 FA =t} vpA9fo 2 Jaj(ID: 295) x| -9, X3 A
= MA(Q)®] 237} 0.672 7HF A vetton, dRAG= 0,452 A= ok
BAA G2 7L 71 A Vet 23S MME 23 (RMSE=90,3)0]™, 82492}
7F 71 A2 B2 AR(p) B (VE=0.4)02 EA= G}

o~

SANSE RS St A A9 AHE 44 5= AARE YS9

S, AALS7F 0.59~0.82% %74] LpERGE D% %%Xﬂilgi}(RMSE) E3}

s

79.9~116,89] HEZ Hol 7 5] ek Thit 6~109 $-7]Alof=

mgo] A tha B FHEE A Aom, AR HA 20149 7F9-=F X}E
o] - ool 77k SRS P ZE|o] 95 oS At A BEAE &
Hhdala] Bl Ao VbRt 20149 A QJetH ARkH o Jaere] o &

o] WA ehEE Avke BAEch ARgel 24AS, BRAREeR) U g4
A BN A EE WS W BYe MMERYO R ofe SAnye] A7
Hakstol AgHE H97t oS eo] A £
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5t 2|02 mao] ALy} Z3] EAA) of| 20| Fgo] 7H5D o] A @ 2
?‘SJ-OZ]O:]__'E_% —1 0 ,“IX 1__/\ 01-01‘101 20070@_3% 7E7<‘—|
Qo] IHQ3H [e)
gol dad Zler Algd
(a) ID 155 (b) ID 162
800 600
J Observed :Forecas! 2:::)"3" Obseryed :Forecast 2:(5;;" ed

. —— MAlg) 1 | )
E 80 —F— ARMA(p) E | —— ARMA(pg)
£ i —<4— ARWARAQXPOQ, o 400 | —<— ARIMA(p.dq)x(P.DQ)
= —%— VAR(p) = ! —%— VAR(p)
= 400+ —&— MME = E —8— MME
-— —— !
= i = . I
= = 200 !

o 200 — [ 1

- I

b I

0 0 T T
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
Time(Year) Time(Year)
(c)ID 192 (d) ID 284
800 600
Observed:Forecas! 2:::)"3" Observed:Forecast 2:(5;;" ed

! —a— mAG) . —A— WA
E 80 —F— ARMA(p) E | —— ARMA(pg)
£ —<— ARWAGAGNPDQL g 400 | ——<— ARIMA(p.dq)x(P.D.Q)
= —%— VAR(p) = ! —%— VAR(p)
= 400 —&— MME = —8— MME
-— —— !
£ £ |
~ S 200 !

o 200 [ 1

I

I

0 07
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
Time(Year) Time(Year)
(e) ID 285 (f) ID 288
600 ! —@— Observed 600 ! —&— Observed
Observed |Forecast| AR() Obseryed Forecast AR()

! —a— MA(g) —&— WA(g)
€ —F— ARMA(p) E —7— ARMA(p.q)
£ 400 ——a&— ARIMA(p,d,q)x(P,D,Q)s, £ ——4— ARIMA(p,d,q)x(P,D,Q)s,
= —+— VAR(p) = —%— VAR(p)
= —&— MME = —8— MME
<= <
= £
s 200 ©
3 o

0
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
Time(Year) Time(Year)
(g) ID 289 (h) ID 294
1000 ‘ o— Observed 1000 | —o— Observed
Observed |Forecast| AR() Obseryed Forecast, AR()
800 | —a— Ay __ 800 | —a— MA()
—— ARMA(pq) —— ARMA(pq)
~——a&— ARIMA(p,d,q)x(P,D,Q)s, E ——4— ARIMA(p,d,q)x(P,D,Q)s,
—— VAR(p) = 600 —— VAR(D)
—&— MME = —8— MME
S a0
©
o
200
0
2010 2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016
Time(Year) Time(Year)
- N P— =1 O IA =
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(i) ID 295

75 g

Rainfall(mm)
»
8
|

=
2010

2011

2012 2013 2014 2015

—%— ARMA(p,q)

—— VAR(p)
—B— MME

2016

N2 Wk YIRS Sho2

——<— ARIMA(p,d,q)x(P,D,Q)s

Time(Year)
Figure 20  7Zi&
Table 10 &< X[EE AL o520l ofet 2Z+2 ol 2t
Stations Forecasting Models Statistics
cc R’ RMSE VE (%)
AR(p) 0.68 0.46 95.9 13.8
MA(g) 0.69 0.47 88.6 43
250l ARMA(p,q) 0.52 0.27 1103 49.0
(ID: 155) | ARIMA(p,d,q)x(P,D,Q)12 0.55 0.30 104.2 9.1
VAR(p) 0.73 0.54 83.8 5.9
MME 0.72 0.51 84.6 12.2
AR(p) 0.62 0.38 101.2 9.5
MA(g) 0.61 0.37 90.6 04
=9 ARMA[p,q) 0.48 0.23 110.1 263
(ID: 162) | ARIMA(p,d,q)x(P,D,Q)12 0.48 0.23 1.7 10.5
VAR(p) 0.67 0.45 95.8 6.7
MME 0.65 0.42 925 9.9
AR(p) 0.70 0.49 103.0 10.8
MA(g) 0.75 0.56 89.5 4.0
PaES ARMA(p,q) 0.53 0.28 110.1 30.2
(ID: 192) | ARIMA(p,d,q)x(P,D,Q)12 0.59 0.35 116.8 33
VAR(p) 0.73 0.54 101.9 83
MME 0.75 0.56 88.0 34
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Table 10 A
Stations Forecasting Models Statistics

cc R? RMSE VE (%)

AR(p) 0.82 0.67 84.9 27.7

MA(g) 0.81 0.65 90.0 15.3

pars ARMA(p,q) 0.81 0.65 93.6 50.4
(ID: 284 | ARIMA(p,d,q)x(P,D,Q)12 0.79 0.62 100.1 33.1
VAR(p) 0.83 0.69 873 27.7

MME 0.85 0.73 85.2 29.9

AR(p) 0.80 0.64 89.3 11.2

MA(g) 0.82 0.67 89.8 17.5

3154 ARMA(p,q) 0.75 0.56 94.7 45.1
(ID: 285] | ARIMA(p,d,q)x(P,D,Q)12 0.75 0.56 105.1 26.0
VAR(p) 0.80 0.63 90.4 11.9

MME 0.83 0.69 863 21.1

AR(p) 0.71 0.51 91.7 39.2

MA(g) 0.72 0.52 92.6 21.0

alof ARMA(p,q) 0.65 0.42 1028 57.1
(ID: 288) | ARIMA(p,d,q)x(P,D,Q)12 0.66 0.44 103.2 37.6
VAR(p) 0.75 0.56 88.8 30.0

MME 0.75 0.57 90.6 36.0

AR(p) 0.77 0.60 107.7 0.9

MA(g) 0.80 0.64 93.8 58

A ARMA(p,q) 0.76 0.58 79.9 27.8
(ID: 289) | ARIMA(p,d,q)x(P,D,Q)12 0.78 0.61 103.9 8.4
VAR(p) 0.85 0.72 923 34

MME 0.86 0.73 81.1 5.9

AR(p) 0.54 0.29 101.7 19

MA(g) 0.57 0.32 1043 239

A ARMA(p,q) 0.52 0.27 100.6 65
(ID: 294) | ARIMA(p,d,q)x(P,D,Q)12 0.50 0.25 105.4 7.0
VAR(p) 0.58 0.34 95.6 68

MME 0.59 0.34 924 78
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Table 10 Al
Statistics
Stations Forecasting Models
CcC R? RMSE VE (%)
AR(p) 0.57 0.32 103.1 0.4
MA(q]) 0.67 0.45 105.7 -25.3
i3 ARMA(p,q) 0.57 0.32 101.1 149
(ID: 295] | ARIMA(p,d,q)x(P,D,Q)12 0.54 0.29 114 8.2
VARI(p) 0.66 0.44 93.2 -9.7
MME 0.67 0.44 90.3 -7.4
*MME (Multi Model Ensemble]
443 718X o5 2t
FARE S o83t 7T A}t e € d5E S A ARAE oA
o= JPE olE WS AXstEon], ek ATAUL] ALAT o] 25 3}
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Ad A F-27] E5AE A5Y diE g AR Z8o] 2 AviElE
FAG 71$A 5 AS5S AABKH, dEe] AMEE 7]¥X|4= Nino 3.4%% 9]
SST anomalyAt= 2} NCT index, NWP index©|™, 1950¢ 1€ ~2015¢ 971X 9]

d RS Ao

Figure 212 7]9-A|5 952 fI5to] 4+53F AR(p), ARMA(p,q), VARMA(p,q)
AS 2SSl AliEiEd A He] SST anomalyE oS53 Aifolw,
Z, 128 A& AALGT A= AAY, 12l diEnygol ogt Axte] BHtgked
MME %3 A3E Jehf Ut 7|94 AAE A7 9] 952 #5 ARHE 2015
d 9d7A| o] ARE WO R 20179 1297H4] 21 370 oSS AAEHIT.

Aol Bg o A G| 715 A oS 2HE A ER(Table 11, $431), Nino 3.4



SST anomaly®] 7, &3 *Plﬁl*t MME 2&9] A7} 096622 713 =7

Uelron AARASGE 093308 BEAEQ HHAELextet 88927t 7P
A2 Eﬁﬂ% VARMA(p,q) 23(RMSE=0,180, VE=-3,04)2.% EAME|glt} NCT
index?] 79, ®g A4 ARMA(p,q) 9] Z37} 0,899 7H¢ A Uelde

™, é%ﬁﬁﬂﬁ 0.808% FAEIL: BHAlFeAt 7MY Al Uit By
ARMA(p,q) =& (RMSE=0.243)0o|H, 849217} 7}3} Zke. 1 E 2 VARMA(p,q) &

& (VE=—14,15) 0. & BA =t} Ny index?] ¢ 23 AA 4= ARMA(p,q) 2]
A7} 0.9428 71 = Uk on, A= 0.888= A =it B AlE
219} 4 927} 71 AL 2FH2 ARMA(p,q) 23 (RMSE=0.141, VE=-0.55)2

FAANSEH S Foto] I BlEG A9 s 7| $ A A SAE TS

H A7 0.848~0.966, ZAAS7F 0.719~0.9332 2 wj¥ =7 vElto
A FLLAHRMSE)= 0.180~0.8999] HEIZE 84 QIHVE)= 20,29~
019 x5 Hol= Aoz BARS Y, ALt 24A s, BdAlaEext 4
Bt FAA 7MY £ VRS W2 2392 ARMA(p,q) 2@ MME 23 o
2, 71% A7 7R AL Sl A7) 7] AR dlSel A1 ols v‘fﬂrﬂ ks
o] & AgerS RIS 4= qllon, oy FAREG S AuE Pt AMESH= A
| Fo2 glstqleh. =% Rt ookt FA0S 23 A8, XJ%

ol i 9 Ago] e Aow ALREH
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Table 11 AAIE oiIE2Sof Qlgt stief 2= 7IeXle oS Zxt
Statistics
Indices Forecasting Models
CC R? RMSE VE (%)
AR(p) 0.964 0.930 0.185 -5.38
ARMA(p,q) 0.966 0.932 0.181 -4.36
Nino 3.4
VAR(p) 0.966 0.932 0.180 -3.04
MME 0.966 0.933 0.181 -4.27
AR(p) 0.848 0.719 0.245 -20.29
ARMA(p,q) 0.899 0.808 0.243 -17.28
NCT index
VAR(p) 0.899 0.808 0.244 -14.15
MME 0.898 0.807 0.244 -17.32
AR(p) 0.941 0.886 0.142 0.01
ARMA(p,q) 0.942 0.888 0.141 -0.55
NWP index
VAR(p) 0.942 0.888 0.141 -1.30
MME 0.942 0.888 0.141 -0.62

* MME (Multi Model Ensemble)
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Table 14 Xg9Y =3

[=)

Fory Ty
7lefs ek o 25k I APA HIE
(Climate Component] o QUZIAAABIE

o EeEXE
Sz Ko Foby o BAT[GHEEX|H
(Hydro-Geological Component] o 2ELE

° RAEBAME

o Qe

Sl A =|OFA]
INE=IBPA )R ESEEISI N o THRIKIRIE

(Socio-Economic Component) o O|ZEOIIH|2
S0 Fory o MEHE(=7 XY A5HH)
(Protection Component) o i+ EHILY Iias

* E2X 2EUSE, SAEEYISEA=(2011~2020), 2011
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Table 15 40| F[okAM CHERHA

ChEtHa HADS
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10m O[3F &XICH 7F2MIch)
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QI e (H/km?)
& E)

e -

(Sensitivity) XA E A EM=(deg)

C2HAHIE(%)
Zl 37 E4IIoHOH(EE)
2|2 397t EIfEHR )
TSR (%)
Y SFEAE/Y
XIS SA4AH{GRDP)(H2HR)

X'J%%Ej - Hrg S 2 HFkm)

(Adaptive Capacity)
S HE(%)
LHHHRIAYE = m?/ &)
Mkl 85 2R H2hon)
* EX|. a2 DESANSIY, XX 7 1SS MS MRARIAIR 2 XIES ot 7 ISHs 2EE Fok

X|5=(2012.1)
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Risk = f (hazard, exposure, vulnerability) (48)

T2 SImet BAT ABle) wBwmol Hoky 91 TS FANTASE
Aukslsto] AW, the Bq. (499 Zo| ZheFs] AP 4 9k

m

IFRI= Y h, xH+Ze ><E+ka><Vk (49)
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oA7|A, IFRI= SHESABAGOI, B S8-715512 54 x1¢, B
T4 B A%, Vi ARSl-AA|A FOR W Bl ok A48 oujt
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A7b w9 A Ve §40] Ui thEo® F{obd Ao AE AR
1990 Th o] 7 ?%HA\ OM 0.62% 7H¢ A Uehgton, APtolA] 0,298 7}%}
AA Uebgtth 2000 9] Aol HAIZE 0.76= 71 A Yo, AFY
0] 0,332 7P A yetdth AaiAlY] - 20009 H o] S0 QI o=
I3t} Tk 154 o]atel Al RE 654 o149 S HoFRIGY] ARl vlFo] S7t
shalom, AP B9 Agulet vl 2 §Fo] B Aol HIsto] W
OJo o] 37{] 7(1—.9_ }Oﬂr/}



Table 19 dd XX 7121 B e 2440
ddEe 2l5i&(Hazard) ==M(Exposure) F[2td(Vulnerability)
Al 1990FcH 2000'AcH 1990=cH 2000'AcH 1990=CH 2000'AcH
SR 0.53 0.54 0.50 0.49 0.60 0.69
ORAA 0.53 0.54 0.60 0.61 0.54 0.62
=N 0.34 0.50 0.43 0.48 0.51 0.66
LISHA] 0.53 0.54 0.46 0.50 0.62 0.67
SN 0.47 0.44 0.39 0.44 0.53 0.69
ARHA 0.49 0.54 0.41 0.46 0.34 0.39
ZIotiA| 0.43 0.48 0.43 0.52 0.56 0.75
LUA 0.37 0.37 0.45 0.49 0.48 0.60
HAIA 0.51 0.62 0.44 0.51 0.33 0.44
QUAA] 0.43 0.48 0.49 0.55 0.33 0.41
ol 0.31 0.42 0.49 0.53 0.33 0.48
Elns 0.53 0.47 0.41 0.47 0.49 0.53
g 0.31 0.42 0.40 0.42 0.46 0.53
ESh 0.34 0.50 0.42 0.45 0.40 0.47
Hoti= 0.49 0.54 0.41 0.45 0.41 0.43
Stsd 0.36 0.50 0.46 0.49 0.38 0.51
A 0.36 0.50 0.46 0.49 0.29 0.33
Bl 0.36 0.50 0.46 0.49 0.41 0.38
HEH 0.34 0.52 0.45 0.49 0.33 0.46
[Erine 0.31 0.42 0.35 0.37 0.36 0.44
54.1.1 7]7H8 24 Lol 24420t
Figure 235 ' A4S QP02 7708 (Period 1, T) 54 Sfoh 2493 4
A Aol A AR B4 9114 B4 Hao] 845 A Aele)
A2 S7HAIEE 30mm o) &9 TSI oF 100dH1 = 7 S, Hie

o

o &gt 74 F7F JFOZ QI5ke], 1990 (B 0.417)0f ]3] 20001 T (3
T 501 T HsAel SUteke AeR EAET. F2 YAl v ARAL
AAA], b, 2R3 geite] S fsiAdol AAl vEbdem, AL A
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Figure 25 72 AAAES thiros 717b (Period 1, 1) $4:]8) =24 24
o AT Aatolt, Ay AAAE 34ua) B BAAT} sl 240} npr
A2 1990 (B 0.446)°] H]3to] 2000 (4 0.485) S0 X¥EH o= Tha
27} Aol e ACw Uehdtl, S5 npiba|e} efikA o] A9 e wEA
%7t S et en] 20004 89] nHA 2] F4:917 B4 A 0,612 B4
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HR1al, LAY T4ulE)] =B X4 0552 A E AT o] upAbAle} 9FARA]
of 3 Wsue WAz Fomisholel 2A HASkE Uelol Agal Aot
(Figure 26).

(a) Period (I) (b) Period (II)
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Figure 25  JHXXA| 7|28 206 =58 =2
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Figure 26 ~ ZE XXHE S+l =&5d XE AFgE
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Figure 27 2 A4S HlAHOR 7)78 (Period 1, 1) F4gho] #ob4 £4]
< AXNEE ATtolth, A AAAE Sl Hopy BT} oA 19909t (H
0.432)°] ul3}o] 20001T(0,521)0] F7HSA0] EE Lhebdteh, 1990 Hheli=



80 | SAX HZNT Tl 7342 WIS B 15 U M2 Wk FLARHE FHo2

Ko

ANk AN, Tela Al Fare] Fopo] A thehgon, 2000 kel
A, mhbA, AL AL, FGAL AL, WekAlelA 22t A Lheht
o, 4ol 2op4o] 2000t Sof SV F2 Yol AFUE0] Frjeh o}
ITHE S7h ARAYE] 4 5 AP AAA Hop aele] 277t A7) 2hg
gt Ao g2 FAESItH(Figure 28).
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Figure 292 ZAd A AAS Ao & 717 (Period I, 1I) S5 93w 242 4]
ARt Adatolnt, e A9 717HE &4 Sl 39 =2, Sl £
oFd EAAIE FEete] SEHE =7

T AL AT, S E

A|4=2] T FA Auto] o] AP 4= 9lom, 0~14to]] Y E gro ' %
stato] Jepigich A A9 3 2P 443} 1990 el H|gke] 2000
ddioll F91d=7t 9 =5 20%, == 40%7F Z4ZF F71et Ao s BA =T
(Table 20), 1990 tholli= AHA], wpAbA], Z12fal ZsiA o] S =7} vl =7
UEbgt o, 2000 ol AL, BFARA], ZISEA)L ZBlAl, B9l HalAl, 1e|ar

ARA A T4 F =} i =02 Uehgth 4 9FA0] 20008t Sof =

0
—

HN
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Al b ag1ele a0 27wk $4 el S7te} ok F71) 1
Z0 olojet EAg
(a) Period (1) (b) Period (Il)
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Figure 30 7|78 A XIXA| S8 2= 24 &0t
Table 20 2= XX 7|2 Seieefes 2Adnt
S SAEZ(FRI) (%)
Class Range : :
Period (1), Period (1),
Very High 0.8~1.0 15.0 35.0
High 0.6~0.8 15.0 55.0
Medium 0.4~0.6 25.0 10.0
Low 0.2~0.4 20.0 0.0
Very Low 0.0~0.2 25.0 0.0

5.4.2 AL|k/BILILE A7 |2 S49EE Tt Zat

El Nifio—Southern Oscillation(ENSO)o|| &Jgt th4ti th7] <=3 sjel o] HI}=
A AT SR 2 dstol] QR vtk TEE oA AU WAo] BE ol
m wEGYo] ol Hre] AAATES AP JFS vk AT ATl
=37 QJthe.g., Kug et al., 2010, Kim et al., 2012, and Yoon et al, 2013).
Aol e BB GA AL sl 2 HIlol] WhE A= o FEo] Ayt
Joff W& b= gl it dA4H 24 A-daEAd, 2015-12,
APEC7|&AE A4H A S Bigto = dA4ato] 7Rkt Ay dSo2 7 A

A A S A7) dS AEE ATE 5 Sl

Hofr oo
o

& delM e Ay A7IE g AR SefdE 7S Aete] $HA A2
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Figure 312 AUk A17]% Zg=|ole] §4:91%)
Axt, CT Ay 39| IFRI 4] B 0.51,
o= 0,528 EAE|QIth(Table 21), CT El Nifiodfolli= dafet & ]Q AR
Dol A SIRES} BA APRE Lo, A BEA e A H’é‘.ﬂ 7} - w7 4k
FEolch. WP Ak ol Y i A9 FHOoE T4t B vet

K1
Riis

o
i
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o,
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b
1)
o
i)
M
X

U FEe Aubert W A A 9o F490E BA 7Hs A o] wlste] 2
Ao HAHTh B3 s el A AZAR e, SHE, A
oA FHEFABAST A vehgron], toix) (el 598w 2L

S Hole Aes E4EHUH.

(a) CT El Nino (b) WP EI Nino (c) La Nina

Flood Risk
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[ (0.6~0.8) High
[ (0.4~0.6) Medium
[ (0.2~0.4) Low
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Figure 31 4Lz A7|E ZEXY Ex2ds B2



BL | S7N BT 7l 7IF-4R WIS BY TE U HBY Wk FLXHES SHo=

u CT El Nino
u WP El Nino
" La Nina
Figure 32 ALz A7|E A XXHN S s4+fd= 24 2
Table 21 Al A7 E B S42ee AFEE}
SA=TAEZ(FRI) (%)
Class Range : : :
CT El Nino WP EL Nino La Nina
Very High 0.8~1.0 10.0 50.0 15.0
High 0.6~0.8 10.0 20.0 15.0
Medium 0.4~0.6 40.0 0.0 10.0
Low 0.2~0.4 10.0 5.0 25.0
Very Low 0.0~0.2 30.0 25.0 35.0

AR S o83 A7) oS AoE v e 2 e AAAIE ez 2015 o
SA(6~-9Y) 471Y o g T Sk Al5S AASHTE = dAtollA =3
gt TheFet SARY S Eoto] A5 AaE BF AR = §loEE 5719 4
(AR, MA, ARMA, ARIMA, VAR)S 53}o] o&35F AlE et MME(Multi
Model Ensemble) AARE ARS8, 7bpafal &2 AdA| 9] & 97 ASOS 7|4
5 A& o= Al on, 2 o SE 742 Thiessen HAE A 7
FFoE shlsto] XRAE R HATERE A st

o =3 A s A oS A A A
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olH, 64| ¢ A Hak T4 A= 0.353 0.2 wjw A wrot WFA|(H,
=0.450), FAFA(#,=0.450), 12|31 FH(H7,=0.490)l 4 &= PJsh=ert 2 AL
2 o5 =i, 749 F &5 A=t M 2 AR HS Halew, AR,

A o tiZ] AR el A ol = (Very High) 02 &
A=At R 89e] A vluA = Heert A2 Ao EHEoH, e
oA A Uit o= g oS o] I
Hohs 3] BRI 7IQlske SAeEge] d3olzt Almdn:, E3t 949
F tiEEAI el = Sl WA et e, AFAS99] 49 EA|(High),
TF 34, shEe] = WAI(Low) UERIT
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2
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o
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dE A 5S B8 AHE B Al e s Aot Fo] e A
F= UiiE I BSARE 7R Aol Hu, A XA o] Algle whEt

O Al AES(2AHE, ATLE, AFPEE Bol 9e 5 9o
U, UR9IE WEEE Eo] 9] tie] & Aol YRuEAL girka wt

5tal 1A ko2 =11 ARg319ick(Figure 34, 35).
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At SEF AooA ThARETE AV e 23or AR 6 349
A= o Fo] EA(High) Uehd A 92 Al ubibA], ZsAl, F9Al, sl Y
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S vebgt o, Aae] AEE A ool FHEA oA thas R =7 =A UEkT
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= ATl 5 AUk R A 2B BHL Gl A A
ME JPwe] P2 BARGO, AT Aok ME o] Ao AT FAA
fe1g BAIR 71 F3HA0] H/UZ Bl cshA ?—i HAE 4% 9 4t 1
28 Zloleh, et afoh ol Wkt FHA WSk B9l ) R ol
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Table 22 a9 XAA 2E & Y7| sEErfEs oE521{2015E 6E

Clacs Range SEETLL=(FRI) IZ(%)
68 = 8 9¢
Very High 0.8-1.0 30.0 65.0 5.0 0.0
High 0.6~0.8 10.0 30. 40.0 5.0
Medium 0.4~0.6 20.0 5.0 15.0 10.0
Low 0.2-0.4 25.0 0.0 15.0 30.0
Very Low 0.0-0.2 15.0 0.0 25.0 55.0
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6.1.2 AIAIE o= 2 Zut

Box—Jenkins WEo] wet 7k Aol Mgt mye pEalo] A A A
8 Wt Q) A% A SAE oS shgon, AHeE AAY oS 2
A

Ag el = E’%‘Oﬂ E’Jﬂ 1‘?*—17‘%4% gelstd DHfﬂr é*ﬂr.
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