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SUMMARY

I. Title

Studies on the relationship between paleoclimate change and low—frequency natural varia
bility

Understanding the dynamics of natural variability on the low frequency timescales and
assessment of their modulation due to anthropogenic warming signal

Interaction between low-frequency and high-frequency variabilities, and its impact on th

e regional climate changes Over Korea Peninsula

II. Purpose and Necessity

By analyzing the past long—-term natural variability, we can understand the role of the
climate forcing and apply to the future climate change

By revealing the interaction mechanism between the natural climate variability and the
climate variability modified by the increasing anthropogenic greenhouse gas, we could
reduce the uncertainty in the future climate change prediction and assess the natural
variability and anthropogenically forced climate variability.

Understanding of the two-way feedback between climate change and climate variability
is important to predict future climate change. We investigates the impact of long—term
climate change on the short-term climate change and the impact of the global climate

change on the Korean peninsula climate.

IM. Contents and Scopes

Analysis on the interannual and seasonal variability during 6,000 and 21,000 years ago
in the tropical Pacific
Analysis on North Pacific PDO variability during 6,000 and 21,000 years ago

Analysis on the interaction mechanism between the climate variability and climate state

change, and apply the findings to the future climate change
_ 10 _



e Investigation of mechanism on the change in the natural variability associated with the
climate forcing
e Assessment of the long-term natural variability and the modulation of the natural
variahbility due to the anthropogenic global warming
* Research on the decadal climate variability over the Pacific
* Research on the relationship between the anthropogenic global warming signal and the
decadal natural variability
- Understanding of the change in the climate variability due to the global warming and
the long—term climate change
- Research on the relationship between the tropical climate and Korean peninsula climate

and changes the precipitation and temperature over the Korea

IV. Results and Conclusions

e Analysis of the climate variability during 6,000 and 21,000 years ago using PMIP2

— During 6,000 years ago, El Nino was weaken and the seasonal cycle intensified, which
1s associated with the change in climate state, for example the trade wind

- El Nino was enhanced during 21,000 years ago.

- The suppressed ENSO activity during 6000 years ago leads to the weakening of its
impact on PDO

- However, the enhanced influence of Aleutian Low on PDO compensates the reduced
impact on ENSO, and thus PDO variabiliy was maintained during 6,000 years ago.

- The enhanced ENSO during 21,000 years ago results in the enhanced PDO

e Investigate the long-term change in the multi-decadal variability of North Pacific
surface temperature. By analyzing the global warming scenario experiments, understand
the change in ENSO'’s characteristics under the global warming situation. Furthermore,
investigate the changes in the central Pacific El Nino associated with the global
warming and the impact of tropical Pacific surface temperature on East Asian climate

- Research on the decadal climate variability and decadal modulation of the interannual variability
- Analysis of the long-term modulation of Pacific-North America (PNA) pattern and associated
mechanism

_11_



- Research of the sustained dynamics of the synoptic eddy and PNA pattern

- Analysis of the relationship between the Korean precipitation and temperature and the tropical
Pacific sea surface temperature

- Statistical analysis of the two-type El Nino and Korean mean/maximum/minimum temperature
and precipitation

- Sensitivity analysis of the mid-latitude teleconnection associated with tropical Pacific sea surface
temperature change

- Analysis of the global warming trend over Korean peninsula and assessment of the Korea urban
effect associated with urbanization

- Linear/nonlinear analysis of the relation between the urbanization and Korea urban precipitation

V. Application Plans

Apply the assessment of the global warming and natural variability to estimate the
climate change scenario for the next 10 years

Reduce the uncertainty of the climate prediction by understanding the dynamical process
on the modulation of the natural variability due to the change in the climate forcing
Contribute the preparation for the global warming damage associated with the natural
disaster prevention facilities, disaster warning system, financial instruments

Utilize the basis of future climate predication system

Contribute to the National Weather Service seasonal forecasts by investigating the

relationship between Korea and other climate variability

_12_
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Table 1. PMIP2 model descriptions (Oka, 6ka, 21ka)
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FGOALS LASG/IAP (China)  360x170(171x61) 1200 1200 1200
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MIROC 825::? ESFRCGC  ,56x192(123x84) 1200 1200 1200
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Fig. 1-2. Mean precipitation difference between 0K and 6K experiments.
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Fig. 1-3. Time-longitude cross section of climatological SST along the equatorial band (55-5N).
Annual mean has been removed. In each model’s figure, the left, center, and right panels indicate

0K, 6K and difference, respectively.
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Table 2. ENSO features for the different models (Nino3.4 region)

Oka tka 21ka
Model SDST STD Period SDST STD Period SDST STD Period
(°C) yn (°C) (yn (°C) (yn
CCSM 2603 | 0959 | 192 | 2590 | 0757 | 185 | 2442 | 0640 | 342
CSIRO1.1 2580 | 0655 | 476 | 2554 | 0553 | 7.35 _
FGOALS 2567 | 1979 | 455 | 2561 | 1696 | 526 | 2330 | 1776 | 370
IPSL 2690 | 1034 | 294 | 2678 | 0978 | 3147 | 2428 | 0008 | 270
MIROC 2531 | 0565 | 435 | 2480 | 0394 | 833 | 2348 | 0604 | 667
MRI_fa 2592 | 0851 | 240 | 2552 | 0714 | 240
MRI_nfa 2254 | 0658 | 223 | 2208 | 0817 | 325
UBRIS 2564 | 0813 | 312 | 2533 | 0746 | 7.14
Table 1-2
WA Ay A 42 Nino-34 A Fo tste] Ay s =% ofwda]e] AW aI} i

HAAE F3AaL, o] AFe F7] A4S F3te] 71 UxEHE F7]E ko] Table 1-291
A st th Table 1-20] YeEld wle} o] Ay Ao YElhd Ad ®WEe] 49 BE 2
FolA 2 =7t AAasAY o= 22 #= Ayel fAek AyEl & 4 9dth (Brown et

FH 6000 deol Ad W Fr)ek ddsi= CCSM=

o{l

(e

al. 2006, Koutavas et al. 2006).

F

4 (EOF) #41& 39t} Fig. 1-40] vehd ule} o] 1A W
o] du F-F ElW Lo WEo] A3 A7E moko] FHEHS WY ol F7| EAME &
I %ol dyxn ®=olt}, CCSM, FGOALS, PSL, UBRIS & #33 {413 €S Ho]
i 9loew CSIRO1, MIROC, MRI_fa, MRI_nfas< Hi W% X7 #=o nlg] t}

ZHow 293 Ago] At &, FGOALSE tha Ze 47k CSIRO1# UBRISE tha of
3w Ay vt yehdd o] 23 6K 2F A3 (Fig 1-5)9F vlasd F813
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Ok SSTA / 1st EOF mode
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Fig. 1-4. First EOF mode of sea surface temperature anomaly obtained from 0K experiment.

Percentage variance is shown in the upper part of each panel.

6k SSTA / 1st EOF mode
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Fig. 1-5. As in Fig. 1-4 but for 6K experiment.
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Ok SYM / 1st EOF mode
CCSM (44.96%) CSIRO1_(40. 32%)
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Fig. 1-7. First EOF modes of symmetric components of sea surface temperature anomaly obtained

from OK experiment. Percentage variance is shown in the upper part of each panel

6k SYM / 1st EOF mode
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120E 150E 180 150W 120W 90W 120E 150E 180 1sow 1200 90W

Fig. 1-8. First EOF modes of symmetric components of sea surface temperature anomaly
obtained from 6K experiment. Percentage variance is shown in the upper part of each

panel

_31_



a3
o
B
w
%S

ol

iz

—_
1o

EEEEER

=
[}

of Ve mhel 2ol o

=
1=

Holth, 1

e

C =
—=

8% Zo] Fig. 1-8 oJt}.

=
X

I

4 d}of

oo
<0

ol
mﬂ
jang

T
i
)

b}, 6K Eetel

S

71ke] AT FA)

25

o

—_—
1o

bK
A

ox

il

B

bl
sl

—

_70

o] Apol7F A9l it

s

s

, T 7l

—~
o

}o] erolm girh. Fig. 1-9o] hebdk mhe} 7o

A BEo] sto] 6K

il

A
Oﬂv

] IPSLe] 7%

]

ot

)

o
ﬁo

_g]

MRI_fa

_32_



FGOALS

CSIRO1

CCsSM

MRI_fa

SYM / Global Power

Ok PC1
Ok PC2

e ~

6k PC1
6k PC2

20

MIROC

0

UBRIS

T8

16

2

1

0

16 20

12

lllll
-
-
-

B e o & B AT, T, WY

bty

{ LM

16 20

12

;

(1K) powed

T T T

W o+ Mmoo~

(1£) pousd

nfa

MRI

(1K) pousad

Fig. 1-9. Power spectral density of the first and second EOF PC time series of symmetric SST

obtained by using Wavelet analysis.
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Fig. 1-10. Mean sea surface temperature difference between 0K and 21K experiments
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Fig. 1-11. First EOF modes of sea surface temperature anomaly obtained from 21K experiment.

Percentage variance is shown in the upper part of each panel
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Fig. 1-12. Spectral density of the first EOF PCs of SST obtained from 0K and 21K experiments.
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Fig. 1-13. Power spectrum density of NINO3m and NINO4m obtained from 0K and 6K experiments.
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Table 1-3. Standard deviation of winter-time averaged ENSO indices obtained from 0K and 6K
experiments and also ratio between STD of OK and that of 6K. The ratio greater than 1 indicates
that STD of 6K is greater than that of OK.
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7F 59 A8
St % HHEYG Ve He RE T 7 2# 21 Pacific Decadal
Oscillation (PDO)&= E9 20% o]A¢] 9% B sj4H &% anomalyd 3 WA 2 d

A Aasgte (EOF)Z Aeoldtt (Davis, 1976). & PDO+= HHE % si+W 2%9 7V F4
=
[}

X
N
fo
o
td
iy
it

rot
(‘g

e ¢ glow, o= SHE RNt olyE 1 FH A V)% 3
S mAE Aoz 284 dvt (Mantua et al. 1997). 2822 nj2f PDOS WHEFo] ojwl w3}
E A/ A0 U AFE v SeEd FH (9] 7F MEY 98k 7o Ao
=3

T st Aoz AT Yk 5 t7]9 stochastic ¥ ol A7} defo] A
o] Adigt B ot 2 TV wol=& FE HIL, red spectrum® F7]el 39 st=
HZo] Ax PDOE A= 83 HAYSFOE YA

al
At ot drle ¥

i
fE
o)

At (An and Wang 2005). ©]# & ol wiiol 2= HefH Y

sol A= PDOE @Aste T8 FAlgem 285t A H= Aot

mlo

8

PDOE # =3t ZAlgo] #3 A= auto-regressive lag-one (AR1) process modelS
o]-&3to] PDOE hindcastd o 24 818 %3 th Newman et al. (2003)2> ENSO index &
o] &3Fo] AR1 process modelZ TA3dt1L, o]Z5E PDO indexE AAAFEIE=E o] A 3glom,
o]E My} WAAZ Schneider and Cornuelle (20052 Ul 7}# indexE ©]&3] PDO
patterns A AAFEITH Y] 7}A] indexi= ENSO, ¥74F #A719F (AL), A8 %] & =0]
o F2okFo zlolg xFeth Mg I AW A% thg sectionol  A&7HsFA T
Schneider and Cornuelle (2005)¢] process modelS ©]-&3F #4114 -& PDO patternES =3}
= A7t AAge] Aty Vet dEAE AFHoRE FEs ¥ e WHoE oE
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Schneider and Cornuelle (2005)°] 4} -A}%F process modelS 7WEstlom, o= o] &35}
EZ2A F719 A E ®W7] §oke] PDOF ofW @Rlel 9lsle] FEHA=A A A T
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PMIP2¢] #7}st 282 A14d Table 19 2750l gJom, Ao AdAE Y& 147
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AFAg M= 7Aoo E Schneider and Cornuelle (2005)° 4 A}8%¥ multiple linear
regression method wWgkth iy E AFo|E kAo AfoE thE indxeE AFEEITL
o= Z7te] By E= 7o 7|3k Etel yEhd ENSOY PDO7F M2 thE 2 2, Schneider
and Cornuelle (2005)0ll A 9} 2Fo] ol2&t Zpo]& FAlstal nAE A Fe] A9FP S index
2 AR Ag AA HEd d-o] Qe Wl xdE ¢ 7] wEolt adERR 2 AT
4= ENSO ¢ AL®| index®] 74-¢ 717 dujel Helg o] s 2% ol A

A EOF9| &) 93+ principal component (PC) time seriesE ©]&3l3th ek FZA| Q-2 0F

Ale Ao sl Eo] (SSH_KOE) dlx+ EAeE Y A9 (140°-170°E, 30°-45°N) ™
0] (sea level height)ol EOF& # &3t 1 A ®a EOF =9 PC = A5ttt +&
°}% (Thermocline_ KOE) 18 ~+= 9A] EMEHEF A9 (140°-170°E, 35°-40°N) T3 9]
A Hat oz o3ttt Taguchi et al. (2007)o] W=w, 142°-180°Eel tlsto] &-4 3
¥ SSHe EOF R =7} Kuroshio-Oyashio Extension (KOE) =¢] W3lel =4 o] Hr}

3 Egen 3 2 A WA R PDOS #dol e Ao® Hudidy adEg B oo
Tol A+ SSHel EOF 2= PCE index® AM83F3tt.
PDOE A A 4bste] 9lste] AFE-¥ process model®] W78 2& v 2t

atT(Xa y, t) = —(I(X, Y)T(X’ Y, t) +7; (X:« Y)E (t) (1)

o 714 t= AlZF a= damping rate©]|™; 47}A] forcing term$! ENSO, AL, SSH_KOE and
Thermocline. KOE += Fi(t)® 3%7]3}th. 28 22 index I+ Z+219] forcingS 9w gt 9

WA S A7 A Eetd ofdel 22 FE7F Ht
T(Xa Y, t) = Yi (Xa Y)F1 (t) + (X.(X, Y)T(Xs Y9t - 8) (2)
o714 § = 1de® nA4E Aoy, v = HEHHY 5 225 7179 forcing index©l

thato]  multiple regression dto]  FetA €tk Damping rate alxy)E B Fo=
— 45 —



re-emergence T etilE EEH, ol A% ALHO WEEZ}F gFdE AL vy A
HE 712 el e A & ¢ 9k o714 re—emergence &gt &8 ALAH Hore A
sk vy g Wzbe 718 532 (ocean mixed layer)S G %A HE O], o5 A& B
Qo] olxl E3F ofEfjel At AZH Fte] WEo] ¥EEA HiL, TA] Ago] Ho &3
ol ZojxHA olFA JEPE oANUAZE Al BATFS on| gt (Alexander et al. 1999;
Deser et al. 2003). BAIA S 2= o] 3o #& F7]9 WEg dHd= 4&S vt (An and
Wang 2005). & A7 A4 Aol mE™) alxy) © #el 0.1

Schneider and Cornuelle (2005)lA1 AAI$E 2k (0.25)9F fFAFSEe] 2 AFdA= 548 s

AbgsEATh ol Rk Aol mE Aol Aol FAD 4 & ARR AT

¥

t}. 20C PDO ME4 4]

713 Fote] PDO A4S 9dte] ok 2703 process modelS #-8317] do WA, EH
process model®] ¥}l & Aol AGAAE Lot 7] fJste] olE dFAHl HEEATh &
Aol AHEE AEE sl &5k, W 7]t (SLP), 3lW o] (SSH) ¢ #2939 Zol=
A ERSST v3 (Smith et al, 2008), NCEP-NCAR reanalysis (Kistler et al, 2001),
SODA-POP (Carton and Giese, 2008) S 23 EH AaES YF3Act. A& Az HYE=
1958 1€ E 1999 12€7bA] F 5047He] At Azelw, o] 7|3k Aol 7|3t H] &
Hlaz Fdel At ® ddy o] AR 3] SSHel #2%3F ARE flste] AEd
SODA-POP-2 global ocean retrospective analysisE %3}o] 0.25° (lat) x 0.4° (Ion)9] +% 2
Ao} and 40 9 A7 Az AmE AL Ao R o5 9sle] Parallel Ocean Program
(POP) R 3ol AtgHAow, ajge] AAHdo=w Agg th7] A5+= European Centre for

Medium-Range Weather Forecasts 40-yr reanalysis (Uppala et al. 2005)S o] &3} t}.
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Fig. 1-18. First EOF mode of North Pacific SST anomalies and corresponding PC time series.
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Fig. 1-19. First EOF mode of Tropical Pacific SST anomalies and corresponding PC time series.
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Fig. 1-20. First EOF mode of North Pacific Sea level Pressure anomalies and corresponding PC time

series.
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Fig. 1-21. Standard deviation of SSH and the regions where SSH (white box) and thermocline
(Orange box) indices are determined.
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Fig. 1-22. First EOF of zonal-averaged SSH anomaly over KOE region and corresponding PC time
series.
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Regression (North Pacific SSTa)
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Fig. 1-24. Linear regression pattern of North Pacific SST anomalies against ENSO, AL (NP), SSH

(P_del) and Thermocline indices. Units are °C.
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Fig. 1-25. First EOF mode of North Pacific SST anomalies obtained from the original data (upper)

and that from the reconstructed data (lower).
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et al. 2010) E=¢} FAFSE JElE AU ATt EE By AxE @ Hd g ensemble

A §H-9A9 dipole FEE B A

_53_



Difference of PMIP Models (6k — OK)
SST PSL

. [T 1] tlhﬁ. [

Fig. 1-26. Difference of mean SST (left panels) and sea level pressure (right panels) between 6K
simulation and Ok simulation. Units for SST and SLP are oC and hPa, respectively. Contour intervals

are 0.1.
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1st EOF potterns of PMIP Models (6K)
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Fig. 1-27. First EOF mode of North Pacific SST and tropical SST anomalies obtained from 6K
simulations of PMIP2
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Table 1-4. Percentage variance of First EOF modes of North Pacific and tropical Pacific SST

anomalies of 6K simulations. Units are %.

NCAR FGOALS FOAM MRI_nfa MRI_fa UBRIS IPSL MIROC
North 235 29.7 28.4 57.8 29.7 13.9 214 151
Pacific
el |- g 72.9 30.1 406 54.0 344 52.2 35.6
Pacific

F

393l (NCAR, FGOALS, MIROC), ¥¥ r&g e 1 Wxo| Fejg Ao FAFHA (MRI-fa,

IPSL). FOAM¥ UBRIS7} #=3 F-AFSHA, Sefl GollA A ejH ol AXA WHE
x| ]

Bxagith MRInfal 4% #3 £ 02 283 vaste] 43 b Fe g mel
S glofAl, ¥ mge tomsel BN Asdth gl @R AFw 2xe A WA

Z2A-%7] (6K) 522 PDO W4 e WstE dolrn 7] 9std, Fig. 1-27¢ EOF #4&

E3to] PDO indexZ A9 1, OK simulation AtEol%E Hd3 WS #8439 0K &

9] PDO indexE A3ttt + Al7] &<¢Fe] PDO index® ¥FHAE 38t Fig. 1-289] 1}

BRIl e Hlulel o] FOAMS] 4% 6K &<2Fe] PDO®| WEo] FAagh Aoz o

How, ¥ MRI-fa® 6K &<te] PDO ®WEo] 7k Zlow ol F+ 2ol vet
%!

2

Adoz fashd % A0E tehor, 3482 d9& 43 ¥ /1% $ PDOY W
£ Aol Foud Ao etk eyt proxy AR B4 Aol 2w F24 37

o] Eejg ko] decadal-to-centennial WMES AHow AP Aowr HuF gt}
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(Friddelle et al. 2003; Stone and Fritz 2006; Nelson et al. 2011). o]Z2 A 233} A= 259
o7k Ehbe ot obuly v Al BAZ B 4 % QAW proxy el sy

BA 2@ A4S gAdnid, oW o] 1 o] FUBEAL o}y PHsiy B

bt mOok mobk
12 000
10.000
8.000 T
6.00:0
4 000
2 000
0.000 i I L
FOAM IPSL MIROC MR Ha UBRIS Ensemble

Fig. 1-28. Standard Devidation of PDO index obtained from 0K simulation (blue) and 6K simulation

(red). Error bar indicates 95% significance range.
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Aolstar, old gt xFHAE F3t] T Al7IE vt Fig. 1-290] ®.<1 ule} o] A}
43 B By oA ENSO9 WHEo] 6K w<tel ¢fslgS B o] e Ayes FA4e=

29
Frojstaion, AyA o s Al 0Kl Hlgte] 6K st dywrt ofstHAeS Kol
Sith. o] &2 By Av= Y A proxy ARl A¥et dAFH (Rein et al 2005;
Rodbell et al. 1999; McGregor and Gagan 2004). A1 &A= thE AF2HE 6K Foto o
U] ofsts melnl vk b A3 wheh o] ENSOE PDO9| el Ay ow 3o
al7] Wil ENSO®| ¢Fsti= PDOO| ¢fstE %= & o+ A& Ao=E AAZG. 28} 2 A
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5ol 0K$F mlulsto] 6K setoll Wstrt iAW st deS Bt ol 6K &2kl PDOC]
& Auiske w7AYE] At BES dAIEH, olo tiE olart agH Tk & 7HA ¢

S8 wkek Ak oF Al A Hel wieh o] 6K F kel
— 5’7 —

rl

(o3

rE
o

"
M
©
o
b
2
fo
H
rE
o
o,



o] Bt} A& o7 o]5dlt oz BAEQL olFA d4H 252 2 HEAYo AFHoR
ol¢} #H ¥ wave pathZ GA| X FHo 2 o]5slA Hrt (Kug et al. 2010). o]

o
o
g oolE2 A HHE ol ENSOS g3 WatE o7l Aem o AAY, o= ENSO
il

50.000
B Ok E6k

ahahl

FGOALS FOAM IPSL MIROC MRI-fa UBRIS Ensemble

40.000

30.000

20.000

10.000

0.000

Fig. 1-29. Standard Devidation of ENSO index obtained from 0K simulation (blue) and 6K simulation

(red). Error bar indicates 95% significance range.
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Fig. 1-30. Standard Devidation of AL index obtained from OK simulation (blue) and 6K simulation
(red). Error bar indicates 95% significance range.

okxl AF3 vle}l o] PDOY FL23F forcing?! ENSO$ AL 25 6K F¢to] tha 7H4 38
% EF3ta, PDOE 0KeF 6KE HlwgS wf 1 zpol7f ufg mn|gic}, o]

MRI=fag

Regression MAP (ENSQ) grossi Reproduced PDO

Regression MAP (ENSO)

Fig. 1-31. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL, and reproduced PDO pattern for OK (b) as in (a) but for 6K. MRI-fa data are utilized. PDO
pattern indicates the first EOF pattern of North Pacific SST anomalies.

WA PMIP2 28 % PDO W-5o] 57ts MRI-fadl tigt ZA3}E Fig. 1-319 2t €
ARRRE T8 PDO patterne A B YF Aol #at vlwake] v okshA molH AW,
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e Aele w$ §AT. ENSOSH AL 25 PDO #lES 2 wEolin I, 444t
PDOE A RE o gafe] T# PDOS} wl$ fAFATh ey 0Kl 6Ke| el kel Aol
el Al e = ergkr).

FOAM

Regression MAP (ENSO) g | Reproduced PDO

=]

Fig. 1-32. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL, and reproduced PDO pattern for 0K (b) as in (a) but for 6K. FOAM data are utilized. PDO
pattern indicates the first EOF pattern of North Pacific SST anomalies.

052 g2 PDOC] WE o] 6K Fetel #Has 235 2l FOAMS #4243 Z3%E Fig.
1-320] Btk WA 9 AFZEEH #3 PDOE vusirwd 6KolA thx 4% AL 2 4
Ath 53 ENSO¢ #a® oA E 6K A9 Feld Fel Ao WEo] tha S7hsh v
AMeEfF ol e Mse HAash AQLtE PDOE vlaste] 2y oA 6K &

Model Ensemble

Regression MAP (ENSD)
‘-"'w

Regression MAP (AL) Reproduced PDO
o e B

Regression MAP (AL

s o
- R :}F‘_ B
i
_DI;Y '|N|‘0-1 * 150w ‘) &

[ET]

Fig. 1-33. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL, and reproduced PDO pattern for OK (b) as in (a) but for 6K. All results are obtained from the

ensemble average.

_60_



e E Y AnE gEste] T PDO AL Fig 1-33] mgth 9 A
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Fig. 1-339] A#=ZFH ENSO9 d&e] didt PDO W59 747F ALl 9fste] BAFHS]
5 ¢ F AT o9t FHEE B AAlg 48 WA ENSO indexel di3te] PDO index
< linear regression AT o] ZHEH doj gk ENSOC <d3e] PDO vl v x]= 7}
& SAHeR deErh Fig. 1-340] 1<l npep o], FOAM, MRI-nfa, UBRIS®] 7o df
gkl ENSO® F&Fo] S7H3k 2l vetuth Sr 2 312 o] B Ry o] 6K Ftel ENSO
o] WEo] aixl Aoz g golx EFa PDOl ik J&S F7l3teE Aotk
B Yz g ES 2% PDOo thd ENSO2 o] 6K ot @i Aoz eyt
a8 eE giAE 6K F<tell ENSOe| digh PDO® 32 #Aadrtar & 4 gl
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Fig. 1-34. Linear regression of PDO index against ENSO index.
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Fig. 1-35. Partial correlation between PDO index and AL index. ENSO signal has been removed.
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Fig. 1-36. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL and the reproduced PDO obtained from the pre-industrial experiment (0K) of FGOALS. (b) As
in (a) but for 6K. (c) As in (a) but for 21K.
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Fig. 1-37. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL and the reproduced PDO obtained from the pre-industrial experiment (0K) of IPSL. (b) As in (a)
but for 6K. (c) As in (a) but for 21K
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Fig. 1-38. (a) Original PDO pattern, PDO pattern associated with ENSO, PDO pattern associated with
AL and the reproduced PDO obtained from the pre-industrial experiment (0K) of MIROC. (b) As in
(@) but for 6K. (c) As in (a) but for 21K
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A 2 A 7] AAdusge o
NG AA WBAH Wzl B

EHEE Age fF-thr] HEAEY Fa WeETo sl ETSE (sea surface
temperature, SST) W& HdF7] o]de AF7] AsAd S 7HA I A= Hoe=z ddA 9l
t} (Nitta and Yamada 1989, Trenberth and Hurrell 1994, Nakamura et al. 1997). o] & A€
B ZT2EY AF7] HMEAS o] Aol diatE 7] ek Medae 9y A
A S 7HA AL s B ofYet sFe] Fo WHEE dE EW dioly £3F volrt S
AeAle] Msdae 2T FHdS ML de Adoem delA vt (Alexander et al
2002, Deser et al. 2004).
71E AFA3e ostd HEjE Y 71F AlA~®E2 (climate system) 1976/77d%E ZFAA=
29 “climate regime shift"E 72 d3s o=z d#x vt (Trenberth 1990, Miller et al.
1994). 1976/77 =5 ZAA= SHBEYE A9 -7l 715 Al="e HPH (mean state)
v #ed WEE Bl ez duAd Jded odF EW 1976/77d9 o] ALH dFAE A
Jgrel  AeEged  Asdow 29 Pacific North America (PNA) 91747
(teleconenction) #|®e] W3t Ao=m dejx Utk ASH EFLE T3 1976/77 B A=
g FH A5 Aol = W7 (cooling)o] Holwz]7l dActx o Fwol HejHek Fi
5

A Gl A= Fel3 2d(warming) #/do] Bk 1976/77d o] o] FE AA= 3 A

|

=4 BHdEY 75 A" wstdle #e AFES Iy HHEYe X5 219 Hstz
013 Au-F9Yx YANAA HIE FQo Yoz AHASE v} (Trenberth and Hurrell

1994, Graham 1994, Zhang et al. 1997). 1976/77\d HEEjH < 71 & Al=gle] W37 A4 Al
glo] 21 7] % WMEA (natural climate variability)ol 71918k Z1¢1#] ol dFdFoz Qg
A7 Sk Qg A Fh2ustel] 7IQlgk AAAA e A= ofA AFEetA etk SvF

Ax FH2e] A543} (Meehl et al. 2008) & 1976/77\d HElHE 7] A|2=gle] W7t 24

71% WAEAT A 2dsz Qe oF FA Y (external forcing) o W3tE ¥ &st= F+ 7}

A q1Qle] BgHow Agete] frE o ANSAL oAU HeHY A5 Axde W
Fi 7] AAWEAD AFevds AIdR A% P gAel wae el 317

(20°N-60°N, 120°E-240°E)¢] A<&3 (129,19.29) I+ T
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(a) Mean SST during winter [20N—60N,120E—240E]
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(b) Anomalous mean SST
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Fig. 2-1. Time series of mean SST in the North Pacific basin (20N-60N, 120E-240E) during winter
(December-January-February) for the period 1955-2009. Red bar indicated a climatological mean. (b) is

the same as (a) in except subtracting the climatological mean.
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a) ERSST [DJF 1977—1988 minus DJF 1956—1976]

GON 1

50N

40N 1

20N F/-‘

120F 150F 180 150W 120W

*a

5ON (b) ERSST [DJF 1989—-2009 minus DJF 1977—1988]

, ‘

0.8 50N - . 0 B

0.6
—{0.4 - " ;
| {oa mN-})-- o~ B
—1-0:2 20N.' O : s 0

o 120E 150E 180 150W 120W
e 20N (c) ERSST [DJF 1977—1988 minus DJF 1956—1976]

-0.6 ' ' 4

0.8 10N

-1 EQ

120E 150E 180 150W

205 M :

1200 90w

ERSST [DJF 19B8—2009 minus DJF 1977—1988]

20N

205+ r/\

120F 150E 180 150W 1200 90W

Fig. 2-2. (a) Difference in North Pacific (20N-60N, 120E-120W) winter (December-January-February)
mean SST between 1977-1988 and 1956-1976 and (b) between 1989-2009 and 1977-1988. Unit is °C
and thick contours denote the region where the statistical significance is above the 95% level based

on a t-test. (c), (d) are the same as (a), (b) except for equatorial tropical Pacific (20N-20S, 120E-90W).
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Fig. 2-3. First (a) and second (b) EOFs of North Pacific SSTAs for the period 1956-2009 during

winter

(December-January-February). Unit is nondimensional. (c), (d) represents

the principal

component time series of the first and second EOF for the period of 1956-2009, respectively. Unit is

C.
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Fig. 2-4. Same as Figs. 2.3a-b, except for the period of 1956-88.
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Fig. 2-5. Same as in Figs. 2.4a-b except for the period of 1977-2009.
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Fig. 2-6. Time series of 7-yr running mean EOF1 (circle) and EOF2 PC (cross) amplitude (C) for the
period of 1956-2009.

_76_



s}
1

976/774 717

=

) ?_]—oﬂ

T

1A U
Ebuk
1l 7]

<

_o/]

o

T

A

e

NI
N T 0
Wl %m_ ~ oy %
& 2 T oo o
ox o~ —_= 3 iy #E ~
S i s s
e -2 - 23 . w
Q%%W7o§1wr EOR W
o oy ) o o CrUH M Y © =
& i ™ " o ° o © = oo 0 o T
N S ‘Alv_ﬂ ~ ‘OIH X O#O % ,ul Oﬁo — 0 Lf
oy ,olu w3 X 1_7| A_l e o 17F e W ) o o M:M i
L) N N !
bm@o_emﬁ}@ﬂo aﬁ_ﬂq@ﬁ@mw}@%
= o b e N B T X &= = N ‘
o ﬂLU WH ri ‘Nﬂ ~ OH N Is'e} 2 ﬂ_1m N ‘mﬂ
E! 5 % o = _ I = 3 s i
o sz %%d G o = o =
o o X a3 % w9 s = = Y ® N
; — Y 50 o) \s} el oE o in % — | Ay -
ol T o i o B0 % v B S ) s " z.
o > = = 2y 5 M y M o I % = B o o
—_ o< = - ol T © I © 0
£} x o) iy ) Ao = o A~ B9 =
oI o B 5 - ~ S 0
el i 0 — m WE = _i N ) o ‘Ul ol —
TR = N 3T g A . W - o N 3 g
iy 30 : i R = 50 i B S N %)
| mny B a0 S < o e = < o Ho oy o ~
§74Haﬁ&k %qéNﬂqlh ~
e} m o _JD m 00 ﬂ_tw \Tr‘_ \ﬂAII oO W ZA 0 1) rm ‘UTW
~ o)) . ‘.ﬁo 0 <t o
i b= N & SN /ﬂw J 0 Q :
g E g © = < %@%m%q
% B ) M B = CC. EL - % h i N
}mLEﬁgM% wamﬂﬂogz%ﬂﬂmw@
ROg ¥ o o TN T X = ca W woe S W
N 0 N o N f— = < a7 . ~ o
o % g % Ml o N ok o o T o T s %
) — 3 o m - ay ..70 = 2 ~ ﬂ _ <R ° ]o % N
30 X ) o R J) N ° — ol ~ < ™ )
X T e = - n X B No { )
1htﬁ53ﬂ5 aﬁ_ﬂgyz_ - iy
oy o° B S o~ B- ~o ~a ) X e oy LB oy =
i e = ﬁ ‘_ﬂmﬂ (l\ HA_I E—H ,Dl 1_. ol Be J}I oR
Bﬂﬂma?uéyo& amLLmMﬂolumoﬂﬂ
- > SEOY N i s o o . (e
Ny o ° — N il J = g < J [y
& = m_m p— 3 = =2 ,7| o UF A ~ X " =y
S 1) = ay w o ° = s oK = = % I i i
> =2 M o 2 L]f T mu g ;Wo ox N < o ol 53 )
Yoo 3 L o TR B & o i o
— ~ O R { o B % o O @u ol o B ]T G
- Ng | A Fooo o0 : W T o o ~
_ o / ) = = o = o
w8 = X o 1 & B Moo " o
222 _zo#mrlé moﬂvwlfgﬂﬂw
X T o - = 2 T M w B ° s o = 2
op o T — G \OIH o ~ 00 T D (}
“Z R M.]gAF%
7 TR > T @ G = Mo
= N
) = = b & = NI ’
ok _M i ST i o1
iﬂ%ﬂ%ﬂrm
w oo w% T
5 5 2
Z

=77 -



{a) SLP [DJF 1977—19B8 minus DJF 1956-19786]

h A — i
- pE—— _‘I. il
S =

Fig. 2-7. Changes in winter mean SLP (a) between 197-88 and 1956-76 and (b) between 1988-2009
and 1977-88. Contour interval is 0.5hPa. and shading denotes the region where the statistical

significance exceeds the 95% confidence level.
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Fig. 2-8. Deviation of North Pacific sLP after 1988/89 transition from the climatological (1956-2009)

mean. Shading (dashed line) denotes positive (negative) values. Coutour interval is 0.3hPa.
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Fig. 2-9. Difference in equatorial tropical Pacific (20-20N, 120E-90W) winter mean SST (C) (a)
between 1977-88 and 1956-76 in the ensemble mean TOGA experiments and (b) between 1989-99 and
1977-88.

_81_



{a} TOGA [DJF 1977—19E8 minua DJF 1956—197G]

(b} TOGA [DJF 1988—1989 minus DJF 1977-1988]

Jﬁ-

Fig. 2-10. Change in winter mean SLP (a) between 1977-88 and 1956-76 in the ensemble mean TOGA
experiments and (b) between 1988-99 and 1977-88. Contour interval is 0.5hPa and shading denotes

the region where the statistical significance exceeds the 90% confidence level.
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Fig. 2-11. Schematic of the KCM

Table 2-1. The number of CP El Nifio and EP El Nifio simulated in the KCM and the observation

and their ratios.

Occurrence ratio
CP El Nino EP El Nino
(CP/EP El Nino)
KCM 509 709 0.71
Observation 4 14 0.28
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(a) S.D. [HadISST, 1950.1-2010.3]
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(b) S.D. [KCM, 4200 years]
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Fig. 2-12. The standard deviation of monthly sea surface temperature (SST) anomaly for the
observation for the period of January 1950 to March 2010 (a) and the KCM for the simulation
period of 4200 years (b). Contour interval is 0.1°C. The climatological seasonal cycle is removed in

both the observation (1950-2010) and the KCM (4200 years).
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(a) The ratio of CP and EP El Nino occurrence for each 60 year

JER—
damiiRria:
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(b) The ratio of CP and EP El Nino occurrence for each 30 year

2,51
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0.51

Fig. 2-13. The ratio of the CP and EP El Nifio occurrence for each 60 years in the entire simulation
period of 4200 years (a). Thin solid straight line is the mean and thick solid lines indicate plus and
minus one standard deviation. Cross straight line is the mean ratio of the observation, 0.28. The

number of x-axis represents for each 60 years. (b) is the same as in (a) except for each 30 years.
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o B a9 A8 v AL &% WHEl 7ot 4= vt 4 A ¢t} (Ineson et

al. 2011).

GMT anomaly(climatology 1961~1990)

ERIK-simulation

0.4

— M.E Mann-allproxyraconstruction

(A

0.2

.28 cor=0.68091 .

1 d i i 1 i i i i i i
1 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Fig. 2-14. Comparing time series of GMT between ERIK simulation and proxy reconstruction data

from Michael E. Mann 2009.
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A AT FEeS WHAE AAFAGS A9 FAe] slelme] HFolF el
ol b ol e Ae BEAR WA WEAA MFAL oW BAE 11 /79 F
9 mOUYPY AR BHS BF 240 BAFL RFE A0E B ATNNE, AAYAY

I AAY 2 oaeE 7% A2 2de] ERIK Ro|AdE A8t ERIK 2
o A} koA A A EH
Ahstebaoh HRrS It tiv]e] 2AVIA = gl 4Ssd stgs dAEe HAR
7 1Hl ¥ gkolth (Zorita et al. 2003, 2005; Liu et al. 2009). 53], ERIK simulation®] 7}
A gE 713 =, A 29EA71(1051-1150)¢F 2 A 238t A]7](1891-1990) 717ks 2H7t
Hlaskelal, 2474 s=7F tEdls &9kl ¢ 7R BE AlFEERtE d A9 A EWE 2
T 7S Holt B AFoaes 47 T4 2493t 7] (Medieval Warming Period, MWP)
I A2 23} 7] 7H(Present Warming Period, PWP)oll A/l A A4 Hf 7|23 ef 7= 2
SA7IA Y] BAE FAFSESI T o] TRkl A o2 gt wAY HuE T B EAAH A <19
Al ZAAH o] AAF Hy7| Wl v A= JIFS F45

ERIK simulation ECHO-G E49& 7wtog 3le=d o Rde Adey griznd
ECHAM4¢t AA]7 s =e HOPE-G 29S OASIS & H§e mdeln], % Hamburgl
Max-Plank Institute for Meteorology(MPD oA A]3) 2 7]¥t3}3d th(Legutke and Voss 1999).
7= 1970, sl 20708 FAAAR olFolA i, ¥ MYEE f=s A= BT
3.75°( 7]) ek 2.8°0]tH(Osborn et al. 2006). @A 3= AD 1000-1990 W 7|3F &9k A &3k
o 3ol vk ERIK simulation, 7135 Aol HALEGo] BlfS 33 5 AR
o] g5 ALt (Crowley 2000; von Storch et al. 2004). 3xbA]e] HAGAE g3 29
= ice core?t Wi7IEEd o3 ALtE FtEo FE7F SR o]itsteAg wEke]
© BF F59 de 3ol E¥HA = ARE IRbew st Qv gy ERIK
simulation> A3 ©]gol 23t 24 W3l 2 o Fof CFCs 2 thE 247|A% 238t
W, BEREAdY] 11d 5715 19417] ol del&= A&xo A et
A dss BoF7] 9@, ERIKS d A5 B+t 712 #Ake] A ALY Mann et al
A (2008)= ©o]&3 1500 0] Wi & w9 s 2 diSAFe| -7 W= tree-ring,
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ice core, coral, sediment ¥ Y& proxy 7IFE=Z FAAY A AF+ 7]F proxy network
datasetS o]-&3F A AGS veEbSlit (28 2.14). A AT 7]1% proxy network dataZs 93+
ZFA g Y82 Mann et al. (2008, 2009)° AA|sFA v} 91tk ERIK simulationol] 412 A %]
T AAES 71% proxy data®t =2 F#AAE 7HA 2 Ad=dH T AAE HY A A
A= 1000-19901d 71 7Fell A 0.60s 7FAIH, o= FAIA o ® 95% Al G|t
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(a) External forcings
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Fig. 2-15. The time series of (a) external forcings for ERIK simulation run, effective solar
radiation(solar plus volcanic forcing), GHGs(Carbon dioxide plus Methane) (b) global mean
temperature (GMT) in ERIK simulation. GMT 11 running steep line called MWP (1051~1150, blue
box), PWP (1891~1990, orange box) each 100 year.
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Fig. 2-16. Scatter plot of solar forcing changes versus GMT changes. (a) A trend (red) of regression
coefficient 0.101°C/Wm-2 and 95% confidence level (black dashed) and bottom figure is GHG
variation at the same period (b). (c) and (d) are the same as in (a), (b) except but the PWP.
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PNA 7% # S ddiefsgd ol ZAHolA Aztto] Heig e, v, Hotwelzt
1o]t} ( Wallace ang Gutzler, 1981). o] PNA #|&¥l1-&
7V Fad A5 RESY stz ol itk Ad, A mAYS dE A4 Be] 3l
= o] gk} (Dole and Black, 1990, Feldstein, 2002, Frederiksen, 1982, Nigam and Lindzen,
1989, Simmons et al, 1983). ENSO &4 T9% I ofidg] Alo]e] AdAdLe s #
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al., 2009). =3t FF7] WEe] i dF7] FHtEe] y=we PNA sido] vjg Fagh
A2 183 Qo (Hall and Derome, 2000, Jin et al., 2006a, Jin et al., 2006b, Kug et al.,
2009b, Lau, 1988).

HT A 1970 g 9 Vo R FAd 715 dolo dis] maskal vk (Deser et
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PNA 97A%4# Hds F5317] 918te], 300hPa A 911% &S 195795 200219 #F&9
4l Hd A8 E AFEET o2 sl ECMWEF AH&7F A&tk (Uppala et al., 2005).
, PNA €2 EOF #4& S8 Tz (150°E-60°W,

TFAd F719 I3 Y HstE EAsh7] 98, EOFEAlS 1958-1977, 1983-2002 + 7]

7Fo. 2 o] BASIA Y. ol FEEH7] f3] “pre”, "post’EE ol E Al&SEE oSt

Y. PNAYE® A3}

(a) EOF1 (Z300) (b) Variance (Z300)
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80N

-------

-

. <o\!

—
- -

g

T

\\\3; I
et

40N+ v '
\0 X §

20N R L€ ' T
160E 160W 120W 160E 160W 120W BOW

Fig. 3-1. (a) The spatial pattern of EOF1 for monthly Z300 anomalies during boreal winter (NDJF).
(b) Variance of Z300. Upper panel, 1959-1977; middle panel, 1983-2002; and lower panel, differences
between the two periods. Crosses indicate the center of action of the North Pacific region of the
PNA during 1959-1977, while blackdots indicate the same for 1983-2002. The area closed with a
thick solid line in the lower panels of (a) denotes the 90% confidence level. The negative contours

2
, and

are dotted. The contour intervals are 20 m, 20m, and 10 m for (a) and 2x10° mz, 2x10° m
1x10° m* for (b), respectively.
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Fig. 3-2. The longitudinal positions of (a) the negative anomaly center over the North Pacific and (b)
the positive anomaly center over Canada, resulting from the EOF analyses of the 300 hPa
geopotential heights. The curve in (a) depicts the minimum longitude of the leading mode center of
7300 at 45°N. The curve in (b) depicts the maximum longitude at 60°N. The tick values denote the

first years of each time window (20 winter seasons).
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717kl di3] EOF ++Alo] a5, 1958/59-1977/78 7|Ztell tiall EOF &4]o] ThA] G35
ATk ol WA ow 194 7IZhE &F77FHA EOF 4o 3=, 1% 2= 7} EOF &
Aol el A7ty aizieke] T4l fIAE Trske] yEbd Aok "M yERke], S
B A9 A7Ite] $A= A2 FFo2 ATS & Avh 19603 ] itel= F

AR 7E A7 168%=0l T2 IAISHARE, 1980dth o] o= A7 160=7kA] o] &3t At 20d
717bs}t o 10%= A= SAATE olg st Aoty vtk G 17| A= g A
Aol A7I¢F AXEY ¥ AA olFstAth 1960 Zukel= A4 123% AX= AARE, 1980
d ol o= M7 100%= 744 o]Fske], 205 o] el $A] ol&& HolFUn

Hl 527k 245 NCEP A4 AtzolA = 483sk3dth. NCEP #=9] Ayt o9t FAFsH,
PNA sigle] AR #H o= olFst= A UHEtlAT. A3 A PNAH O] &% o]
T FAREA, A Aol sFom G, Aol FHOR oS HoFAATh

Aegelate] odtd, 1970t TNk 7]H o2 ENSO9 54 W3l veElgth (Wang, 1995,
Wang and An, 2001). 7} 23k ®¥M3l= ENSOQ 7|3 ©d7|oA AF7]2 W= 43
o] UElGttH= Fo|th ol#d F7] Wali= ENSO HEle] TFolsy s yeputh ol
ENSO {7473 e wstrt v 273t Al7]e #%or olsdAolds A% 3l
(Kug et al., 2009a, Meehl and Teng, 2007, Meehl et al., 2006, Muller and Roeckner, 2006).
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Fig. 3-3. Regressions in the synoptic eddy-induced geopotential height tendencies using the
PNA indices as a reference time series for (a) the winters from 1958-1977 and (b) the winters
from 1983-2002. The differences in (a)-(b) are shown in (c). The contour interval is 3 m day”

for (a) and (b) and 2 m day” for (c). The negative contours are dotted.
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(a) EVF/Z300 (b) EVF/Z300 (c) Stormtrack
1958—1977 1983-2002 (post—pre)
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Fig. 3-4. Synoptic feedback strengthfor (a) the period of 1958-1977 and (b) 1983-2002 during
the boreal winters (NDJF). These plots are obtained by regressing the eddy-induced
geopotential height tendency with the monthly Z300 heights at each grid point. (c)
Climatology of the storm track (shading) overlaid with a contour showing the difference in
storm track activity between the two periods. The contour interval is 0.005 day” for (a) and

(b) and 10 m’s™ for (c). The zero-valued contour line is omitted. The unit of shading is m’s”
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Fig. 3-5. Geographical distribution of Korean weather observatories used for the study.
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Fig. 3-6. SST anomalies of El Nino events during 1970-2005. The anomalies are averaged from
September to the following February. Shading indicates normalized anomalies, and contour interval
is 0.3 K. The El Nino events are classified into (left) WP El Nino, (middle) CT El Nino, and (right)
mixed El Nino. After Fig. 1 of Kug et al. (2009).
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Fig. 3-7. Composites for (a) mean, (b) maximum and (c) minimum temperature data during the

developing [Y(0)] and decaying [Y(1)] phases of El Nino events. Twenty-four station data are
averaged for simplicity.
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a) Mean Temperature
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Fig. 3-8. Composites for (a) mean, (b) maximum and (c) minimum temperature data during the
developing [Y(0)] and decaying [Y(1)] phases of La Nina events.
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Fig. 3-9. Composites for precipitation data during the developing [Y(0)] and decaying [Y(1)] phases
of (a) El Nino and (b) La Nina events.
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59 AL Q=g dFgEs 7ol o3k JFdF= wkdE Zolrh. (Watanabe

and Jin 2002; Kug et al. 2006).
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Fig. 3-10. Composites for (a) mean, (b) maximum and (c) minimum temperature data during the

developing [Y(0)] and decaying [Y(1)] phases of the CT El Nino events.
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o) Mean Temperature

JUNW  JUL AUG  SEP OGT  NOW DEG JAM  FEE  MAR  APR MAT  JUN

B1 Moximmum Temperoaturs

JUM UL ADG SER OCT MOV DEC JAM FEB MAR APR MAY  JUN

o) Minimum Tampardgturs

80%<a=90% 90%<a=95% 95%<a=99% . a>99%

Fig. 3-11. Composites for (a) mean, (b) maximum and (c) minimum temperature data during the
developing [Y(0)] and decaying [Y(1)] phases of the WP El Nino events.
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Fig. 3-12. Geographical distributions of significance for temperature anomalies associated with the CT
El Nino events during (a) September [Y(0)], (b) following April [Y(1)] and (c) Jun [Y(1)]. Open

circles indicates no significant station at even 80% confidence level.
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Fig. 3-13. The same as Fig 8. Except for temperature anomalies associated with the WP El Nino
events during (a) July [Y(0)], (b) September [Y(0)] and (c) December [Y(0)].
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Fig. 3-15. The same as Fig. 8 except for precipitation anomalies associated with the CT El Nino
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Fig. 3-16. Scatter diagram of population in 2005 and population growth for recent 30 years
(1975-2005) near 40 Korean weather stations.
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Fig. 3-17. Relation between the population growth and annual-mean temperature trend. Blue and red
lines denote linear regressions for the 40 stations and the 35 stations (red dots) excluding

metropolitan cities, respectively.

a9 3-172 FH 304 (1975-2005) Atole] /AT F7hdm At 7|2 s FA<ke &

g vehd olth AGH ol & wolAR, AAH R AT F 4% /) 4F Bx

2 goz v ol J1Ee ATsE AN PRolth ( FAM 5, 1993 o9l T,
e

=
1997; A7) &, 1999; A7 ks, 2000, 2439%, 2004; -

A 407 #5454 Azel disiA 0519 =2 #@s YERSTE o] g 99.9%°] AFHEE 2zt
o 29 329 A AL 40 BE AY Azl deElA 37 AAAE el Aew) T
7] 044(K/30yr(10°9) S el dTh ol Hid ez A F7F Wiy 30:d7F 17
& FA9 044K F5E JeEdE otk &, =A8 GirF BAX G 7135 Wt o] gl

uES NS e ¢ & A

- 117 -



Spring

(Unit: °C/30years)

y=0.476x+0.811
R=0.54

y=1.553x+0.757
R=0.70

Mean Temp trend [ 1975 ~ 2005 ]
Mean Temp trend [ 1975 ~ 2005 ]

3 35
(Unit : One Million Persons)

25

s

05 1 1.5 2

Population Growth [1975~2005]

Summer

(Unit: *C/30years )

y=0.392x+ 0.152
R=0.45

y=1383x+0.113
R=0.60

15 2 25

3 35
(Unit: One Million Persons )

Population Growth [1975~2005]

Autumn

y=0.423x+0.430
R=0.44

y=1.581x+0.366
R=0.63

Mean Temp trend [ 1975 ~ 2005 ]
Mean Temp trend [ 1975 ~ 2005 ]

Winter

y=0.447x+1.262

y=1324x+1.214
R=0.44

R=0.50

3 35
(Unit : One Million Persons )

Population Growth [1975~2005]

Fig. 3-18. The same as Fig. 2,
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Fig. 3-19. (a) Correlation and (b) linear regression coefficient between temperature trend and

population growth for all 40 stations (blue) and for the 35 stations excluding metropolitan cities

(red).
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Table 3-1.

regions of the Korean peninsula. Details are given in the text.

Temperature trend and global warming component for recent 30 years (1975-2005) in 40

Annual Spring Summer | Autumn Winter
Temperature Rising Trend 0.76 091 0.24 0.52 1.36
GW 0.66 0.81 0.15 0.43 1.26
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Table 3-2. Definition of grouping and stations.

Group Definition Station
Metropolitan | Metropolitan cities | Seoul, Busan, Daegu, Daejeon, Gwangju
city
Medium city greater than Suwon, Chungju, Chunan, Pohang,
300,000 Jeonju,  Jinju
population in
2005
Small city greater than Wonju, Sunchon, Yeosu, Kangnung,
100,000 Chunchon, Chungju, Kunsan, Mokpo
population in
2005
Country less than 100,000 |Sokcho, Ulleung, Inje, Yangpyong,
population in Hong Cheon, Uljin, Kochang,
2005 Sanchong, Boeun, Youngduck, Kumsan,
Namhae, Yimsil, Jangheung, Wando,
Buan, Buyeo, Hapcheon, Uisung,
Haenam, Goheung
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Fig. 3-20. Annual-mean temperature trend (blue) and contribution by urbanization effect (red) for

recent 30 years (1975-2005) according to city sizes.
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Fig. 3-21. Relation between population growth and (a) annual precipitation trend and (b) summer

precipitation trend. Blue and red lines denote linear regressions for all 40 stations and 19 stations

(red dots) excluding stations over country area, respectively.
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Fig. 3-23. The same as Fig. 6, except for (a) inland regions and (b) coastal regions.
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