BSPE 99254—10598-1

SMEfEY S22 &S HUEMSE ost Xz
X|gFx D (data—driven model) 7H&
Data—driven modeling
for causal analysis of WNPO warming

2014. 12






| me A Al

e

g

——
"o

B

=8

1

e

iy

HFHIARE A

2014.12.31.

L3 7] o

0
G

B

A
No

e

—

et

:{'i ZH o]

o

% 7






A E

BANG S AFe 35 AARNE A AR AFH 29 AL
(2014.1.1~2014.12.31)

ATAge %4 2 9ey

X

T2dste] gy gEo 7|Fe WEido] oYY AVIE FHE I @
Feo2 gk HEE HA JheAd S Cdgd we 7] sk
12 sl gebddst Al 9 8= 918 #Hehd siddd digh a7 S
2Ath. Ahn et al., 2008:; Heo et al., 2012; Lorenzo et al., 2010;
Yeh et al., 20119 AaFAFo A AHEH Syet FHG 2 S35
et BEAHE S e Aee Eaustia, o A9 g oA 7%
FEI A FHAAVE dve Aol WF T, E3 o] A9 i %
<

o8
ko o
o

e A7 Avd HIFEE MSE sbegn AAst o [PCC 5
A HuAel 2d dyg Fof A A7l Al dos st A
W S Fe] T e Aol g Al % =2 AYFES A
stAl Zata gl Aol oldl & AFelMe EAHEE e 2= HE
A AEE gstel  dHolErIN mdYS & 2 S oldist, EA sk
Ao w dstazt o
AT e R S
o AAT S/t AR ARE ol & EMHBE e Y] MEd 24

=
o g/t H =g FHY 4
2

o BAEHY 5L Awe



AFAEa s

V.

o
Gl
o}
-
o
)
o
]
o
K
,mwo
=
™
7
~
W
— X
< 5
JIAY
— X
o &
CIY
o)
)
i
T A
™
90 E
jaxe]
X o
o o
O

©

o T2

AT NEEIe] 28AF

V.

©

ﬁo

7 w3t

R

R

3k steric

g

ol <

=

o ZA]

A gl 7]

9|

il ]

9

AR 7Y

ii



SUMMARY and KEYWORDS

I. Tile of the Study

Data-driven modeling for causal analysis of WNPO warming

II. Objectives and Significance

The objectives of study are to explain variation of sea surface temperature

of the Western North Pacific quantitatively by using data-driven modeling.

The demand for scientific resolved for monitoring and response to future
changes in the marine environment according to climate change. Because
climate variability is amplified by the progress of global warming and super
typhoon is expected by rising of sea surface temperature. In Ahn et al., 2008:;
Heo et al., 2012; Lorenzo et al., 2010: Yeh et al., 2011, they reported the rising
of sea surface in the Western North Pacific including east china sea and coast
around Korea and it has been found that sea surface temperature is closely
correlated with the various climate index. Also the suggested that the rising of
sea surface temperature is correlated the change of typhoon path with severe

weather condition.

According to IPCC 5 report, they expect the global warming of sea surface
temperature, the cause and physical mechanism of rising the sea surface
temperature does not suggested in the Western North Pacific.

. Contents and Scope

The content and the scope of study are as follows:

O Analysis of long-term sea surface temperature variability in the Western
North Pacific

O Correlation analysis of ocean/atmosphere and circulation

O Data-driven modeling for sea surface temperature system of the Western
North Pacific

— 111 —



IV. Results

O Quantitative analysis for the cause and physical mechanism of sea surface
temperature variability by data-driven modeling for variability of sea
surface temperature in the Western North Pacific

O Data-driven modeling for variability of sea surface temperature in the East
China sea

O Data-driven modeling for variability of Kuroshio and Oyashio

V. Applications and Recommendation
O Examination of long-term variability and rising of sea surface temperature
in the Western North Pacific

O mprovement of forecast accuracy for rising the sea level height by

quantization the steric effect due to thermal expansion when predicting sea
level rising

O Minimization of coastal disaster by predicting frequency and strength of
typhoon which hit the Korea peninsula through analyzing the rising of sea
surface temperature in the Western North Pacific

VI. Keywords

O sea surface temperature, climate change, data-driven modeling, Western
North Pacific, climate index, global warming
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Feoele saHes FAd S 42 9 Y S WEelga stkel
t}. Frauenfeld et al. (2005)< Kuroshio Extention #%¢] W ®WEo] ENSO
HEAY dgs #-o] Slvta slth AR EAEE AAS PC AIAIEE
NINO3.4 A5} 99% A FFFoA 0.462 FHAFE BRAo =z o]t AR S

S sk olvk



(a) MVEOF1 (28.5%) of DJF SST and surface current (b) PC timeseries
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a9 2(c)+= 1961/1962WF-8 1980/1981d7kA (NT 717H) £+ 1988/198911F
Bl 2007/2008d7kA1 (PT 7IZb) Aol A4 sioed 259 44 £4& EA

=] R
Aoty BEAMgET o 25+ AdWEd &84 At FAE HES Held 1
4 2t T KOE 999 Hi dFd2r Wete] AAdS Bl Ao
ot 53] Foae H e AALES SAHEY slFHEEe PC1L Al
AL 0.989 AIAAFE 7HHY B3 sl g FESE daur
A5S Holt)

AS5AF L AA G By ol AyE AFESE Ad3yA oA WP, PNA, NP 74
HHE GA] Ad, FAE AIZF R HEAS 7Rt RS Kt (Wallace
and Gutzler 1981; Overland et al 1999). o|& 949 EAefH 2] AAE
olslls 3
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21—year Sliding Correlation
Interannual component of WNPO vs climate indices
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Bt sl S AEA A= 357 N, 1607 W el a17]9ke] F4del,
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Hhgro] uebdth o) dh 394 Ay Id 44 (el Hl HHEIs
(NPO)S] 83k €% A<l ok webd HAHFG 858 WES NPOS 0%
& dAZE S & Ao, NP0 AALE ofshAwk 1980d ) FRbF-¢ 7
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(b) Regressed 10-m wind
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(c) Spatial pattern of NPO mode (d) PC timeseries of NPO mode
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7% A 9 AZ=sual sk 7bAe] 9 Aste] WNPO, ECS, KOE, PDO. NPGO.,
NPO, SVT, BVT, EAWM, AL, ENSO(NINO3, NINO3.4, NINO4) ¢ 137 ¥
TE AR oY, HolEE WHOI(Woods Hole Oceanographic Institution),
NCEP/ NCAR (National Centers for Environmental Prediction/National Center
for Atmospheric  Research), ECMWF(The European Centre for
Medium—Range Weather Forecasts)® SST(Sea Surface Temperature),
SSH(Sea Surface Height), SLP (Sea Level Pressure), wind, currents & A}
S5 of&stilth oA d&F AmolA VIFAFY FE2 98l Large—scale
Data Dimension Reduction 2% <l EOF (Empirical Orthogonal Function)
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2. Holy A4

7} A9tA (Normality)

J T BEA A
AFESHE HolE 7 g EEQd A BAAX FEA I} ot wstA Welr] wo
G4 AAe fst &4 (Assessment of Normality)S g<¢lst A3 % 39}

p

& 3. dlelg ) Aard A= fe

o) s
4w

(|

RIRI-A02:2 (Kolmogorov—Smirnov) 2|

Kolmogorov—Smirnov 7%
WNPO ECS KOE PDO NPGO NPO SVT BVT EAWM | NINO3 | NINO4 | NINO3.4 AL
0.89 | 0.56 | 0.15 | 0.90 | 0.79 | 0.79 | 0.98 | 0.99 | 096 | 0.89 | 0.36 | 0.98 | 0.62
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¥ 5. Cronbach’ s Alpha AlZ % EA%

Cronbach® <3} Cronbach's Alpha Based on Standardized Items

0.17 0.54
ut, o]74] (Outlier) 4]
dolisgel ] oA S WAL EFE AT o8, oW 4% F oM
o] AEE AL T o)A Y. dwdor AxvE HdAdE VEew
50~90%9) AHFFS ol FaHA o4 o ¢ BuatA Hul, P B4 9
g wpgkv] A A2 (Mahalanobis distance) 2] Al gks o] &3sto] & 9k o] ]
A wA e A ST
E 6. FEg Aayd
WNPO | ECS | KOE | PDO | NPGO | NPO | SVT | BVT | EAWM | NINO3 | NINO4 | NINO34 | AL
WNPO | 1.000] -.96| -.82| —.03] .46/ —.58 —.53] —-.82| .27 —.23] —.09] -.09 .02
ECS -.96/ 1.00f .68 .08 -.43 b5hl B0l .81 —.29 300 .16 .17 .04
KOE -.82| .68 1.00f -.36] —.24] .39] .35 56| —.14) —-.17] -.19] -.25 -.37
PDO -.03 .08 -.36/ 1.00 -.61 32| .43 31 200 .44 .32 .39 .61
NPGO 46| —.43 —.24] -.61] 1.00f —-.51| —-.64| -.66| —.21| —.35| -.17| —.25 —.42
NPO -.59 55 .39 32| —.51) 1.00f .85 .83 —-.35 36/ .13 .26 .34
SVT -.53 500 .35 431 —.64) .85 1.00] .82 -.08 200 —.02 .08 .26
BVT -.82 .81 .56 31 —-.66) .83 .82] 1.00] -.21 35 17 22 24
EAWM 27 =29 —.14 200 —.21) —.35] —.08] -.21] 1.00 -.29] -.21] -.25 .01
NINO3 | —.23 300 —.17 44| -.35 .36 200 .35 —.29] 1.00] .75 .95 .80
NINO4 | —.09 16| -.19 320 —.17) 13 -.02] .17 -.21 .75/ 1.00f .89 .64
NINO34 | —.09 171 =25 39| —.246)  .26| .08 22| —.25 95 .89 1.00f .81
AL 02| .04 -.37 61| —.420, .34 .26 24 .01 .80 .64/ 81| 1.00
3% 7. 0o14A HA e £ Mahalanobis distance
Mahalanobis distance (Observations farthest from the centroid )
Observation number Mahalanobis d—squared pl p2
4 16.13 .06 .96
15.54 .08 91
24 15.22 .09 81
10 14.22 12 .84
25 13.97 12 .75
45 12.84 17 .88
1 12.19 .20 .90




Mahalanobis distance (Observations farthest from the centroid )

Observation number Mahalanobis d—squared pl p2

22 12.11 .21 .84
27 12.05 21 75
21 11.99 21 .65
35 11.98 22 .52
41 11.88 .22 42
42 11.67 .23 .38
29 11.30 .26 .40
40 11.22 .26 31
20 11.05 .27 .27
33 10.87 .29 .24
37 10.77 .29 .18
39 10.68 .30 14
19 9.87 .36 .33
14 9.36 .40 A7

7 9.27 41 .40
32 9.04 43 41

3 8.47 .49 .60
38 8.06 .53 71
23 7.94 .54 .67
36 7.72 .56 .68
18 7.59 .58 .65
48 7.45 .59 .62
43 7.33 .60 .58

9 7.29 .61 49
26 7.23 .61 A1
30 7.06 .63 .40
13 7.06 .63 .29
50 6.95 .64 .24
16 6.81 .66 22
47 6.59 .68 .23
17 6.55 .68 .16
12 6.46 .69 12
44 6.28 71 A1

6 6.09 .73 .10
31 5.90 75 .09
15 5.66 17 .10
34 5.44 .80 .09
28 5.43 .80 .04
11 5.41 .80 .02
46 5.21 .82 .01
49 5.11 .83 .00

8 4.43 .88 .01

2 3.28 .95 .09
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1ox2E 374

7F TAEHE G sl A

AR wdz AZE  ¥11(a) 2P
Likelihood Estimation) S ©] €3 Zdl574

(1) ¥

gstol

(CPW, Central Pacific Warming)

F oh-7-Ie

ek

v A= o e 2o

(Maximum

Observed, endogenous variables

KOE, NINO4, PDO, AL, ECS, EAWM

Unobserved, exogenous variables

El, E2, E3, E4, E5, E6

Number of variables in your model 12
Number of observed variables 6
Number of unobserved variables 6
Number of exogenous variables 6
Number of endogenous variables 6
(2) 2d /=
Number of distinct sample moments: 21
Number of distinct parameters to be 13
estimated:
Degrees of freedom (21-13): 8
3) 24 =4 4%
Chi—square 11.24
Degrees of freedom 8
Probability level 0.19
(4) HNE=FA]
b FAAT
Estimate S.E. C.R. P Label
ECS {——-— EAWM -.04 .02 -2.12 .03
KOE {——~— PDO -.13 .05 —2.64 .01
KOE {——=— AL -.07 .03 -2.28 .02
KOE {——=— ECS 41 .05 8.67 ok
PDO {——=— AL 45 12 3.65 ook
AL {——-— NINO4 1.88 46 4.05 ook
NINO4 {——=— PDO -.15 .23 —.65 .bl4




(Wb w=std 3]

Estimate
ECS {——-— EAWM -.29
KOE <{——-— PDO -.27
KOE {——= AL -.23
KOE {——= ECS .70
PDO {——= AL 71
AL {——— NINO4 73
NINO4 (=== PDO -.24
(th A4
Estimate S.E. C.R. Label

El 34 14 2.53 .01

E3 47 .10 4.74 okok

E4 1.11 .23 4.78 ook

E6 29.81 6.02 4.95 ook

E5 44 .09 4.95 ok

E2 05 .01 4.95 ook

. e 842 A% (EPW, Eastern Pacific Warming)
HAel mA=z ATE 2311 () EEe
S olg3t B

Likelihood Estimation)

(1)

1 ¢

thsto]

-5
234 $AAHE obst 1

FAY  (Maximum

ag=y

Observed, endogenous variables

KOE, NINO3, NPO,NPGO, ECS, SVT, BVT

Unobserved, exogenous variables

El, E2, E3, E4, E5, E6, E7, E8

Number of variables in your model 16
Number of observed variables 7

Number of unobserved variables 9

Number of exogenous variables 8

Number of endogenous variables 8

(2) BY AfE

Number of distinct sample moments: 35
Number of distinct parameters to be o8
estimated:

Degrees of freedom (35 — 28): 7




(3) =& =4 43

Chi—square 34.65

Degrees of freedom 7

Probability level 0.0
(4) Hd-*=F73A

(7}) 3l A5 (regression coefficient)

Estimate S.E. C.R. P Label

KOE {——— NINO3 -.32 .06 -4.96 *okk
SVT === VA 1.00

BVT <——— VA 14 .01 10.05 ok
NPGO <——-— NPO -.31 .08 -3.80 ok
KOE <——— ECS .60 21 2.86 .004
VA <——-— NPGO —2170.16 595.43 —-3.65 otk
ECS <——-— VA .00 .00 4.67 otk
KOE <——— VA .00 .00 —.41 .68
KOE {——— NPGO -.11 .19 -.58 .56
ECS {——- NPGO .55 24 2.32 .02
ECS {——- NPO -.53 22 —2.38 .02
VA <——— NPO 2595.88 406.54 6.39 ok
KOE {——— NPO .20 17 1.16 .25
NPO <——— KOE -4.23 3.82 -1.11 27
() #ZF3He 3] AAST (standardized coefficient)

Estimate

KOE {——— NINO3 —.58
SVT {——- VA .84
BVT {——— VA .97
NPGO <{——- NPO —-.63
KOE {——- ECS 1.03
VA (=== NPGO -.35
ECS {——— VA 1.85
KOE {——- VA -.30
KOE {——— NPGO -.13
ECS {——- NPGO .38
ECS {——— NPO =.75
VA {——- NPO .86
KOE {——— NPO A48
NPO {——— KOE -1.73




(th) A #A (intercept)

Estimate S.E. C.R. P Label

NINO3 -.03 A1 —-.25 .80

KOE 7.97 3.96 2.01 .04

NPO 81.70 73.73 1.11 27

NPGO .00 .06 .00 1.00

ECS 18.96 .09 208.91 ok

SVT .62 326.20 .00 1.00

BVT .09 29.25 .00 1.00

(D) Ak (variance)
Estimate S.E. C.R. P Label

El .54 11 4.95 sk

E2 .08 .02 3.40 sk

E3 5.18 6.49 .80 43

E4 17 .04 4.79 ook

E7 .10 .06 1.81 .07

E8 1643057.90 630043.34 2.61 .01

E5 3570907.50 771281.06 4.63 ok

E6 10053.34 5666.91 1.77 .076

2. 29 F7t

FAEHE 22 A BUHE 3 HA Y Rds Ad"etr] flste] 2 3t
= T Hed ol T BE dHolH e FEAE (S) ¥ o4 wiAE
o w Jpdst Agtnds FE FPE FEAEE (X)) Aol (S-2)7F HAi
sly)l= 2Es dAstA € olE S8 2d A9 Jﬂﬂoﬂ ARFEEE A F
F+ AR 4 (absolute fit measures, 53 doly FEAtAH} A
FaAbsldo] Anpu A 3str?), %%@"%ﬂ—’?(neremental fit measures, A5

o

do]  null model ®Eu dvig #F SAHJE=A yE), EREA
J 5 ArEoA] AR = H

(parsimonious fit measures, 22| &34 H st A
T A5 Adtstes SAEYS F
B Z

<

Mo

o] mdo tisk JrAF)7F slom, ZH7te] A3 £ 5
Agkel Fastth = J*DW]?E 7k ol 2t Yozl REldo]s
nddy #4& F3 HaRe] A8 F9d48 #2AE HsA FEXAEHEY
(Bootstrapping) v‘i—@.‘ﬁ—% o] &3t}

-101



AR 7tE Q8 YRbA o R AAskE ARE TRt olol i wdr]Eo] xe)
Zow, @ Edo] gt 24l AFE== CMIN, RMR, GFI, Baseline
Comparisons, Parsimony—Adjusted Measures, NCP, FMIN, RMSEA, AIC 4
I}= o gk

1.

® 8. EE AgE Frhe A A4%E 5 W ddE
AT R o7&
2 2(Chi—square statistic, CMIN) p—%ko] .0590]o] ) k%
Normed x 2(CMIN/DF) 308t & / 2 ol3}, T
RMR (orRMSR) (Root Mean—squared
] Residual) .050]38to]d, 4=
( bEIEH *ﬁf_ﬂﬂﬂd‘ | | SRR (Standardized RMR)
absolute fit index -
GFI (goodnessof Fit Index) .9 olfold, 4%
AGFI (Adjusted GFI) 9oldeld, 45
RMSEA (Root Mean Squared Error of | .1 ©]3} : B% / .08 ©]g:%3 / .05
Approximation) olgt 1 F=&
=n g2 NF (Normed Fit Index) 9 o]geld, =
(incremental fit TLI or NNFI(Tucker—Lewis Index) 9 oo, ¥3%
index) CFI(Comparative Fit Index) 9 o]dold, Uz
740 A3k 2 PGFI(Parsimonous GFI) FETFE g2
(parsimonious fit | PNFI(Parsimonous NFI) SETE 43
index) ACI(Akaike Information Criteria) GSrE g

7} ZotejH ok Sl A% (CPW, Central Pacific Warming)

(1) CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 13 11.24 8 .189 1.41
Saturated model 21 .000 0
Independence model 6 119.40 15 .000 7.96
(2) RMR, GFI
Model RMR GFI AGFI PGFI
Default model 245 .93 .82 .35
Saturated model .00 1.00
Independence model 40 62 46 44




(3) Baseline Comparisons

NFI IFI
Model Deltal RFI rhol Delta2 TLI rho?2 CFI
Default model 91 .82 97 .94 .97
Saturated model 1.00 1.00 1.00
Independence model .000 .000 .00 .00 .00
(4) Parsimony—Adjusted Measures
Model PRATIO PNFI PCFI
Default model .53 48 .52
Saturated model .00 .00 .00
Independence model 1.00 .00 .00
(5) NCP
Model NCP LO 90 HI 90
Default model 3.24 .00 16.29
Saturated model .000 .000 .00
Independence model 104.40 73.26 143.01
(6) FMIN
Model FMIN FO LO 90 HI 90
Default model .23 .07 .00 .33
Saturated model .00 .00 .00 .00
Independence model 2.44 2.13 1.50 2.92
(7) RMSEA
Model RMSEA LO 90 HI 90 PCLOSE
Default model .09 .00 .20 .26
Independence model .38 .32 44 .00
(8) AIC
Model AIC BCC BIC CAIC
Default model 37.24 41.57 62.09 75.09
Saturated model 42.00 49.00 82.15 103.15
Independence model 131.40 133.40 142.87 148.87




. =gk s A% (EPW, Eastern Pacific Warming)

(1) CMIN
Model NPAR CMIN DF P CMIN/DF
Default model 28 34.65 7 .00 4.95
Saturated model 35 .000 0
Independence model 14 296.89 21 .00 14.14
(2) Baseline Comparisons
NFI IFI
Model Deltal RFI rhol Delta? TLI rho2 CFI
Default model .88 .65 91 .70 .90
Saturated model 1.00 1.00 1.00
Independence model .00 .00 .00 .00 .00
(3) Parsimony—Adjusted Measures
Model PRATIO PNFI PCFI
Default model .33 .29 .30
Saturated model .00 .00 .00
Independence model 1.00 .00 .00
(4) NCP
Model NCP LO 90 HI 90
Default model 27.65 12.91 49.91
Saturated model .00 .00 .00
Independence model 275.89 223.89 335.33
(5) FMIN
Model FMIN FO LO 90 HI 90
Default model 71 .56 .26 1.02
Saturated model .00 .00 .00 .00
Independence model 6.06 5.63 4.57 6.84




(6) RMSEA

Model RMSEA LO 90 HI 90 PCLOSE
Default model .28 .19 .38 .00
Independence model .59 A7 .57 .00
(7) AIC
Model AIC BCC BIC CAIC
Default model 90.65 101.58
Saturated model 70.00 83.66
Independence model 324.89 330.35
hH FSHHEE §52 A< (CPW, Central Pacific Warming)
O %39 a3} (Standardized Total Effect)
AL PDO NINO4 EAWM ECS
AL .16 .65
PDO .63
NINO4 21
ECS .30
KOE .37 .20 .70
@ %39 A" a3} (Standardized Direct Effect)
AL PDO NINO4 EAWM ECS
AL 73
PDO 71
NINO4 .24
ECS .29
KOE .23 27 .70
@ E=39 " a3 (Standardized Indirect Effect)
AL PDO NINO4 EAWM ECS
AL 17 .08
PDO .08
NINO4 .03
ECS
KOE .14 .07

- 45



NINO3

VA

ECS

NPGO

NPO

KOE

ECS

.98

.10

31

NPGO

.34

NPO

.54

KOE

18

.50

.32

.09

.40

BVT

.33

.07

SVT

.29

.50

ke

==
i

@

35l A" E 9 (Standardized Direct Effect)

NINO3

VA

BECS

NPGO

NPO

KOE

VA

ECS

.38

75

NPGO

NPO

KOE

.30

13

48

BVT

SVT

®

FK

=319 7FH &3 (Standardized Indirect Effect)

NINO3

VA

BCS

NPGO

NPO

KOE

VA

ECS

.86

48

NPGO

.34

NPO

KOE

40

.81

.70

.04

.09

BVT

.33

.07

SVT

.29

.50
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AL + 0.27 - PDO + ¢
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BVT

NPO + 0.13 - NPGO + 0.25

ECSgpw = 0.48

SVT + ¢

+ 0.29



KOEgpw = 0.75 + NPO + 0.38 - NPGO + 0.85 - BVT
+ 095 - SVT + ¢

KOE 0 0.48 0.13 0.30 0 KOFE 0.58] [NINO,
NPO 098 0 0 0 0 NPO 0 0
NPGO =| 0 062 0 0 0| |NPGO| +]| 0 |- 0 |+e
VA 0 0.86 035 0 0 VA 0 0
ECS | oo 0 0.75 0.38 0.98 0 ECS |ppyw L O 0

7t W48 (climate index) Q##A 9D w7 AFABAAS FZ3)
ofeh 3o} o] vpehd = glow, Bl de FaFE ot} 2t

¥ 10. SejE s HE (EPW) Ol tist W49 dxad 9 Fav}

NINO; — KOE 18% NPO — ECS 31%
KOE — NPO 54% NPGO — KOE 9%
KOE — NPO — NPGO 34% NPGO — ECS 10%
KOE — NPO — NPGO — VA 59% VA — KOE 50%
NPO — KOE 40% VA — ECS 98%
NPO — VA 34% ECS — KOE 32%




06 LG 5}
(Global hiatus)







1990d ) TH7kA] g4 A b7k A9 Hat 7]=0] 19989 o]F 159 9]
AL A A Aee ska k. AT 710l Al A ASeke ddes AT
w3l AA (Global Warming Pause)’ T+ ‘AF+2&w3t HE(Global Warming
Hiatus)' olgtx FEth A2 37t ASEHHEA A5 B 7]=20] ALHA 4
& o7 APAT o= AA L thErh Al 7S AAZE A A AL
E UFEEA o]ArsteAE v e 2ATFA wiEo] fHASE A1V sfsbo] mhg-

i
Uzol 540 oisle s vk X HAS Bt T olisEs e
Aol wheb Wty SHAIRE ARl A upzte] wel A|FH o FASA FrbekaL
At = 400ppm= 3 FAT 24A7IATE o] A A HH o Frhetal Sl
g AT B 712 2bA ¢ e Aol
Ak W4 (McGilD theh A9 A 1998 o] 5 A A4 7]o] Ze}7HA]

G e BAHOR B

2
re
iy
-0,

HEo Ayt A9t (Lovejoy,

= 21

2014). AFAdst o] dAE AzF FFow A AV~ wjEo] Ha W A7 e
ATyt 710 20~50dS FUIE SR st UErpPIE el HE
2 o] WE AL o)y AR HFolA xFo] upE 7ol Yk A7)l
gy 7] wEolghs Tt AAR AAZQ] WS VIFoE S u Q50
Al At 7]20] 0.28~0.37C Ak "olAl= A7lel sidE = old Yaadrt
AT dste] JEFORE At VS A ARHoRE AF Ht V]Ro] &
27 PAY W 7kA ga A AE] eSS s A Y

A9 AFES HEY AF2dst A s F T Fol WollA FA4
(Huber and Knutti, 2014). A28~ AFE % Ayt A€y vz =2 3 A
A2 = 92U 7129 AR WHsolth ALHQD &4 ]

4 Wl el Fleo] AdRow e=ehielet dr 2
A9l MBS AU St BAE 4% 2 =
1998\ WAIE 20417] H74e] AUxes} o F ofg Aal A 2

o] o g 2012¢@7HA ATFAOE 0.06C2 FZanr}t velyttts Aotk
292 AFHe] F HARZ £ 92 AFE 92w HS dyA el #st Ao
o " AT oF 11dS F7I2 ZAoks WhEsted #Hode B 88 %
o] okt 7|zto] HAFA R AojX A A Fe o] B AU FAE3
T Zojth o 7)o A 20104 ofol&EHE oojofx et FofA HASE Ak
A A oz gTde saE YR (AAREZ) 7 FUFEHHA AFR Eojo s
Blof Ho] Ay Aats] 7] AFSol ARt Aot AT B sl ok}
o A s AR Qs WAaHIE 0.07C A% HeE Ao®E FF
A8 Ao mxgo R AT AL AT FHA|S AEse AR A
otk A FHA7|2 7t Ao #FHrA FA% ARE VFOE AES
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AT 233t Fatede olaletar &5 2dstel] tidh AlS5S 7] fleiA = Al
? Aefjopstz AAlE E4

(Tlme Series Analysis) S XAl
AR ASHH S AAYE ARS HdoR 4 2Ae Fske Jloew 1
QL Wl olsFwH, AFBEN, EW 3 EEZ WS ARIMA
(Auto Regression Integrated Moving Average) ZEA|A, AR, A7 A 2

g ool Ak 2 AgelM A AR eV E d ol AHH
A5 & FRE AAZFYH ARG AL ARE e r dF7IhE
ol FBde AEd] Hwd FAE ok, olFE FAAM vdE dS5ee e
= lad ghdsta, GA v AALE 52 ¢ s Wit A Enolst
HARFE AAA L] AADAR A B ek M2 g2 TheA (3T
AMAL ¥ @2 7FSAE Folske) & Folskn, vdE dSete o A
deo] e (HA/ZHEA) o wEt A FEYrEE Ao Lei S AAE

A7 7FA I 9 WEkE FA4Wl%E  (Trend Variation), ZAl@¥W%E  (Seasonal
Variation), 3% (Cyclic Variation), EAWE  (Irregular/Random
Variation) ©.& UFo] ztzt o551 3 o]l Adste] v AAEE d5she
W o JPHER N FRIEYC] dom, AL A4E & A Ho] =l A

Al &85+ Wolth. ARIMA 403k AlA LA}
FTEHH Uehdls ALdES A717dE o|EH 7,

i, o]F 7IHtow m
7t

rCl- =
s U

ofo 09L
rl‘l

F
it

_

st de ARt ?'iﬁ} A A
(

A

15 7 =

FEANALIA QlstaL, Aol A=A RA=AE Selsordit). 1]
73

el Olﬂl AAE "HeolHe F 7HA 540 AT dsaadl

glsfol st} H4A (Stationary condition) ©] & Al

o] M FAstth= Aolth. = AAIES H¥ FAto]l AlF to

A FZEE] A Rpel| Rt S Wt 7ol wkek Hlo]
g7 Al =, AlZrol sgol wet AAIEe] Hato]l dAskA] ok,

S7FHtAY fHaete FAES BolAW AEAR elo® Q18] AlAILe] F7]
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Aow Wilsles EEFS HATHH  AE (differencing) kb st ®g
(Variance Stabilizing Transformation) &<

AldfjoF st} thEaA4d (Multicollinearity)
el Ae w3ty ol B4s 9% =49 2

C®, AARAAVE =& HHET T oY 52 AdFE AASHAY, WFE HEAA
MER BASAE ol &t Ee of

Asfol e},

r

— ciss
15.0- — MA(GISS 60,60)

145 “W‘,Jl, ”
1407 i TN i L Jl‘hl |!j M ll

T : Ml T Y
|

13.04

T T — Y OV L A T N T T T i T T e T e v s e
AN WAR MAY JU AR MAY LU SEP NOV JAN MARMAY AL SEP N MAR MAY JUL SEP NOV JAN MAR SEP MOV JAN MAR MAY
a0 THE b 1562 1596 1500 1505 1908 1913 1917 1521 152 1590 1534 1450 1642 1646 | 550 1955 1955 1569 1967 1571 1575 1980 184 1e0% 1952 1206 2000 2005 2605 201

o

9 12, AATF e 259 5 o] FH#3 WA e 2% 5 AAYG 1=

3. Hlolg] ¥4 (5—year Moving Average Data)

b A JEEA W () BEEAY AEe AAsaY
T A 7 agst ug 2 0E SANS AL Yol BAE nAdE i 5

ATA &8 F43sta, S gof i AL HolZE3 9t
EE AR AT RS At NFES AAFAE el FHR BHE A
A% A @sh 2ol 37) F& 49 FAROR oEd

} BN A%

Kolmogorov—Smirnov® Shapiro—Wilk
SAF A% o gE A A= o gE
MA (GISS,60,60) 116 1548 .000 925 1548 .000
MA (AT_NINO,60,60) .053 1548 .000 984 1548 .000
MA (EP,60,60) .040 1548 .000 991 1548 .000
MA (10,60,60) 152 1548 .000 901 1548 .000
MA (NP,60,60) .109 1548 .000 962 1548 .000
MA(NTA,60,60) .067 1548 .000 967 1548 .000
MA (WNP,60,60) 178 1548 .000 .865 1548 .000




v AF3EA (Correlation Analysis)

AT
MV5y_ | MV5y_A | MV5y_ | MV5y_1 | MVb6y_ | MV5y_ | MVby_
GISS | TNINO | EP 0 NP NTA | WNP
Efjfsoﬂ 1| 883 | 1987 | 961 | .7477| 9167 |  .949
MV5y_G <] x_ﬁ]_l‘
8s | FARE (FF) 000 | .000| .000| .000| .000| .000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Ef;rsof 883" 1| 1217 843"  .636| 880 | .845"
MV5y_A Pe] \__74]_14
T_NINO | #9I3E (4%) 000 000 .000| .000| .000| .000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Ef;joﬂ 198 | 1217 1| 2957 | —.148"|  .165| 1117
MV5y_E O b ]T
p | FAFE (FB) 000 000 000 | .000| .000| .000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Ef;rsof 9617 | 843" 295" 17| 5867 | 828" | 939"
MVBy_I e} \__74]_"
0 | fASE (FB) 000 000 | 000 000 .000|  .000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Efjfsoﬂ 7477 | 6367 | -.148"| 586" 17 7467|6847
MV5y_N el \__74]_"
p | FARE (FF) 000 000 | .000|  .000 000| 000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Ef;rsof 916™| 8807 | 1657 | 828" | 746" 17 8487
MV5y_N e} \__74]_"
TA | FAEE (3B 000 000 | .000| .000| .000 000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
Efjfso,‘f 9497 | 845" | 1117|9397 | 684 | 848" 1
Mv5y_ el \__74]_"
WwNp | TUEE (FH) .000 .000 .000 .000 .000 .000
N 1548 | 1548 | 1548 | 1548 | 1548 | 1548 | 1548
wx ARASE 001 FF (FF) A Fo g



. %

— Durbin—Watson :

4

lr>] 0.6 or 0.8 : Multiple Collinearity (t+&E344)
0.01

MA(GISS,60,60)

L

p

b

wwwwwwwww
12 3 4 56 7 8¢9

Al Zha=
(a)
=>MASY_GISS A}A|7} Auto—correlation (7143 &

vvvvvvv
10 11 12 13 14 15 16

MA(GISS,60,60)

BACF
[

9 13, g 25 st ArdEESs(a) W HATEHE(b)
2}, x4 24 (PCA, Principal Component Analysis, 4 F%41)
PC1 PC2 PC3
10
I AT_NINO
NTA EP NP
WNP
PC1 PC2 PC3 PC4
IT WNP 10
NTA EP NP AT_NINO
4. 5 o] F 4 A eA 3719 FIHEE dlo]EH

B3

o3 42
o hrol B & ek N sg 7719 djole]
G EAE 9 BT A8 LR 9 0FE
o, delEzke e GEFAYES MR, o2
7] FAAE AAD AL Fasna g

3] 7l 77}x] 7] 3 3}

HHl ok o] 379 Rt
F5 Yehdith, #7hE R glo)
Mg B4 Avhe 0 o
gako] 84 BYL e



cartO

1880.01~1909.12

T2+ £3) (trend analysis)

cartl

1910.01~1997.12

cart2

1998.01~2013.12

MA5y_(GISS,60,60)

N=360 N=1056 N=192
cart: 0 cart: 1 cart: 2
vl . ‘/\//\/f\—\//
! ! 1425
g g 3
@ g g
e [ @ 1w
4 4 9
= \/\\/—/‘\\( : b
350
1250

SN SEP MAY JAN SEP HAY JAN SE
{880 1881 1583 1885 1536 1638 1690 1

SEP MAY JAN SEP IAY AN SEP MAY
189 1568 1600 1201 1603 160 1306 1908

JAN 1OV SER L VAY AR JAN NOY SEP
6901585 1389 2000 2001 20022003 20032004 2005 200 2
exes

N OV SEP L MAY MAR JAN 1OV
o 20052008 20102011 20122013 2013

7F A 24

Kolmogorov—_Smirnov” Shapiro—Wilk
t = O Sl = 5l =
e oy | EA% [ Aws | wese | BA% | A= | seuw
.148 330 .000 .910 330 .000
Kolmogorov—Smirnov® Shapiro—Wilk
t =1 5= 5l =
e ey | B | AwE | wa%e | eAF | Awx | sesw
.081 1056 .000 .980 1056 000
Kolmogorov—Smirnovb Shapiro—Wilk
t=2 N N
wpe oDy | B | Aws | sa%w | eA3 | Aw: | sesw
228 162 .000 .837 162 .000
A Q-QEE
MA(GISS60,60)2 7 Q-Q & MA(GISS60,60)° H+# Q-Q S ¥ MA(GISS60,60)° H+3Q-Q S H
= EE Wt Aatd vSehA okt




. AR (Correlation Analysis)

AR
MV5y_ | MVby_ | MVby_ | MVby_1 | MVby_ | MVby_ | MVby_
GISS | ATNI | EP 0 NP | NTA | WNP
NO
Ef’jf;loﬂ 1| 607"| 3987 | 643 | 4497 | 8807 | 738
MV5y_G =
1SS | FUE (FF) 000 000 .000| .000| .000| .000
N 330 330 330 330 330 330 330
Efjf;f; 607" 1| .000| .4257|  485| .701| 920"
MV5y_A 5
T_NINO | T8 (%) 000 993 .000| .000| .000| .000
N 330 330 330 330 330 330 330
Loarson 398 | .000 1| 779" -603| 097 | .085"
Mvsy_E [SHAE
p | FUEE (@F) 000 | 993 000 000 078 | 122
N 330 330 330 330 330 330 330
Efjf;f; 643 | 425" | 779" 1| —2417 | 3567 | 443"
MV5y_I ==
0 | FA%E (%) 000 | .000| .00 000 | .000| .000
N 330 330 330 330 330 330 330
Efjrjlof 449" | 485" | =608%| -.241" 1" 670"| 523"
MV5y_N (==
p | FUEE (@FF) 000 000 .000| .000 000 | 000
N 330 330 330 330 330 330 330
Efffso,{‘ 880" | 7017 .097| 356" [ 670" 1| 814"
MV5y_N otﬁ]‘l‘
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