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ABSTRACT

Vegetation phenology changes play a key role in the carbon and nutrient cycle of terrestrial ecosystems.
Phenology findings based on satellite observations have mainly concentrated on the northern hemisphere or Eurasia
and the American continent, with few small-scale studies on special climate environments. In this study, we used
five methods to extract the Start of Growing Season (SOS), End of Growing Season (EOS) and Length of Growing
Season (GSL) dates from NDVI records for the Korean Peninsula from 1982 to 2015, and determined the time
correlation between SOS, EOS and maximum temperature (Tmax) and minimum temperature (Tmin). In general,
phenological changes in the Korean peninsula vary from the findings drawn from the northern hemisphere scale.
The SOS advance rate on the Korean peninsula is about 0.01 days / year, the fall phenology delay rate is about
0.24 days per year (p <0.05), and the growing season extension rate is about 0.23 days/year. By investigating the
phenology of North Korea and South Korea separately using the 38-line boundary, we found no statistically
significant changes in SOS and GSL in North Korea. At the same time, SOS, EOS, and GSL in South Korea have
changed significantly over this period. The prolongation of the growing season on the Korean Peninsula is mainly
due to the delayed phenology of autumn. Vegetation phenology in South Korea’s marine climate is more strongly
influenced by Tmin.
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AI5ZF IPCC Harxof ofsti 4™ o], 2k 100 READS AAo) 7152} 718t ek ez ¢l

k] A Al 7122 v 109 0.074°CH] Zd5-3H1aL A 50 3 Ao F714e Uthlle AFAE@/doltt (Zhu, 1985).

d Afolofi= A A SA19] A 7129 ASES HaL 7l AEAEALL 7SS Rhdske 7} 4 S8 AE FY

o] 14u2 FAEQ) o]e} o] 7|ZHHSke] ke 2] shfol (Zhu et al., 1972; Bradley et al., 1999) =2 AJ7H7]

7|23t 2|1 7128 S sk o]fel Wsk= AR A&+ (Start of Growing Season; SOS), A747] F=2Y (End
B, TS T HIAUSAAAN S48 g sk of Growing Season; EOS)a} A4A|<&7]|7F (Length of
AUtk weba] AAYe] A7|7re] wsks skl Adle 7 Growing Season; GSL) 50| Z3Heth BEAEALE 41=9]
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o= yehle Addd 7]? H3eto
HWAE =stes, Ji%ﬁlé 3¢] Halo] EH' A4S B3k
71FRskR Qg WIS AEs & 4 %EP (Sparks and
Menzel, 2002; Piao et al., 2006; Zhang et al., 2015). 9|5 &
W, B9 Lk A5t SOS7H QAR I, 7HeAe) 7]
Qo] Z7l5" EOS7} sttt SOS7F oA A1 EOS7)
QYW GSL7 ol oz FRAAES B oA %
Hepo] ket whehd AL diE 37149 my
Ee ato] Ao AR AR S5, V)5l of
_g_

St AefollA 471491 mUEE A7} go] SaEa
Ik AAIEE olgshs Wlol TV o), F Bl
To] FIQE=X|S (Piao et al, 2015), 85 (Stockli and
Vidale, 2004; Fu et al., 2013), £u] (Zhou et al., 2001; de
Beurs and Henebry, 2005)Q} FoFA|otR]Y (Chen et al.,
2003; Piao et al., 2006)5 X|<oj|A TioFsHA == At
A Afof| ofshH, HEAELE A AFHor ookt &
e 7HAAL glom xefF o2 SOS, EOS, GSLO| w3} 2}
o|7} ZA| yebdth S8 Ax/mRbdE Ao 5E 9
SOS= 5 == FAEH A AVle dARE FAE
Uehfar Fofza]7te) AR 2R o] 54 A=AEA
= 24 TojlA 79 Afolof| AL AlZfsh, Holzezt
=4 AEAEEE 94T E 114 Afolof] WAL AlZRRIh
3 yehe.

JEHER ol A7) ARl Rl Mk Ao
o] Zjol7} ulmA Ack YBAEY A7 A g2 2
HEE 2] Hof| A= SOS7F oF 5.4 /10 | ShdAX]a1, EOS+=
OF 42 ¥/10 Jog A E AoR HFRIth (Piao et al.,
2019). aHE 22 Szl 1A 1982- 1999 Abo]
SOS7} 7.9Y FFA XAl (Piao et al., 2006), s=oFA|oF XY
A= 1982-20004 Alo] SOS7} 7Y YFAF I B
HE Qltk (Jeong, 2009). o]= F&of X]219] 54 SOS7} g
AXE &7t AdsHA o 2 Ao etk o|ef o]
719 A= = Fohlztel -7, 1Eal ofAlole] 11
QA Aol AFHALL 52 SOSe}F 2|a17]2of thgt A -
B4 BAS FEGc el wiukeel 2o] XojH i
LojAo] o] 7HA] 7]QIAFE QIRE SOS, EOS, GSL 5ol
ek olsll= mlSgt AAgolch

2013d 2] IPCC HaAlo] olshd 1850-1900W0] H]}o]
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algf 2100 ofl= 7]20] oF 1.5°C o4 F7lstal Zrife
WIS}t Ao AT ek XdHel Z1 st
L shed, Aol Folxe] YEAEge] 5 ekt 715
WSk Qg Aesl W7k Waslth 2 AT 1 34
2he] Bk 71e2e] AEAR S BAS Foto] Fhiel
SOS2t EOS, GSL2] W3S uleld}al Preseasono]A]2]
2n7lest B 7leo] WAL e FFE o
3lsto] 7| 5-Rstof| otk

E BEABHY B 71
shara} ahek

2. Mz A 2

2.1 A7 x|

A A deht 532 29 F91%E 124.14°E -
130.93 °E, 33.23 °N - 43.01 °N& z|As}qic}. galrjde
AF @zlo] oF 6.4x10° hao|n] ZEHZ| 9] 64%Z XA ]
A2 HGgego] oF 42%, S0l OF 25%, =aHo|
OF 29%% 1A x]o] Qlt) (Korea Forest Service, 2010). A&
& 435} 0] e A5} R A Zlel
7gFo] Qat AT 7128 OF 10-16°Co]|aL, & ZJake: of
1200 mmAE Hf 28 550 AL}T7} 574%2 714 @
3, Y7 AU 15.6%, 9E50] 15.3%2 B Ade-F
ol Ao & YERTt (Korea Forest Service, 2003). 2013 7]
= H@ee FaAE e vl3to] 832,625 ha (=M
831,355 ha, ¥ 1,270 ha)Z 7P ¥la1, o] 80,031 ha, 11
27} 45,360 ha, n}=0] 29,352 ha, Z4A} 24,728 ha -0 & 4l
ATt (Statistics Korea, 2014).

mabAole] bl ARiao] oF 30%, o] of
51%, Eaglo] 19%5 AR|et =42 oF 73.2%7} 4k
oz LREY shT Thesk AR So2 ols) A
g 222 J3ko] 1/2 425 (48m’ /ha) .2 ZAE T} (Korea
Forest Service, 2010). E3FS H-alda1%x 7} oF 440 mo| 1L
1000 m o}44el K|efo] 13% 4w Hn] Biie} Bro] Aujs
o WiLH o}, Halxele dABF 7182 of 10°C Fo]
3 At e 1000 mm HL=oloh E3HA|9 9] =8 4F
YAl BRAe] Ao} &x7} Be mAAgeld,

ol oz oL, AL, bR, FHRH[LER So] £
gtk BAjRe] whe Mool MuRE, tHEE

T AR S0l ASE s B, AU 5ol
hGoll £t (Kong, 2002)=59te] 04052 A} S5
SR Z7E 20009 Vo AAl AgEhs Akl



7 307t TIReseE et

48.6%%2} 31.7%E AR5, 1 th2o& A& (root and
tuber crops, Z4H)7}F 12.9%, WMF7} 4.9% <=0|AT} (Statistics
Korea, 2011).
=] TR X2 2 AEE 7] tof #32E 4,
i ofdd AEF 715 tholl A= SITE HetA oS S
A 71FEA o] AstA Holxuk, B3RS theA7|
F&2 Hal|7la Qi wEbA gt = AEHols 257 =
HI7F gom AEE Fi Ax3 545 Uil lck
O] 7|9 2381 ol 7]$ 54 Holal Qirk
Z Jete] sl YR 292 U] 7| FEAS Kol
ARk, AAF o 2= Ago] FaL Hxskal ofEHolle
I FE7F w0 oF5dole AES TR SHBEYS
SE g 5718 7h e diEEY e ol E
FAESSa

=

d

éﬂﬂ&&l{\l K

ofy

2.2 HEAZEY doly

o] AFoA AMEE= GIMMS3g NDVIALEE= Global
Agricultural Monitoring System (GIMMS)o]|A] B Z3}H= R}&
ojtt. o] Ak&E+= 1982 FE 2015 Afe]€] ml= 714
(National Oceanic and Atmospheric Administration; NOAA)
of|A] WAlEE A7 1128 EAR (Advanced Very High
Resolution Radiometer; AVHRR) At25 Hlgro &2 AAE 2}
Fo|t}. g == 8 x 8 Kmo|al 159 7|2 A=E A
Sk Qe & Ao A= GIMMS3g NDVI AF=E 0|85}
o] SOS¢} EOSE AKlel3it. GIMMS NDVIALR = 7|51H
A3k A 5 A A2 Bo] e Re S-S
2 Qs AN FR|eFe} G155, 18|31 Stratospheric
aerosol2 QI3F w0]Z7} A|AERITt (Zhou et al., 2001).
NDVI= HlE A2E9] wslo] gt A7|2|¢] muEFo]
7R58}A]at (Zhou et al,, 2001), A)¥o] BEWE=7} Lre 2|
o] JgrS viAIEl] $8ke] NDVIgho] 0.15 T} 22 2]
2 uiAlElgcE. =3, SOSet EOSE AWKkl A
Savizky-Golay oj3}5 o]-g5to] HEAE/d ] 5717} EAgst
= BollA AT a~Folu o]=2g IRk FRRS F iRt
=Y 7 =S AAEE stk

AR, ofe] 714 RS2 NDVIO| AJA| FH Stz e A4
©] SOS¢} EOSE ufefe 4= Qlok. 71 /iRl =7 = 7Ix|=
ks = Qlok (1) NDVI| 7]&7] ghol Hisks &3t A=
A4 74 W (2) NDVI 94| (threshold) 7= &3 A
AR 4 es Us 4 Stk & dFollAes Ho
ekt AYEAEAC SOSeH EOSE 4317 9J8f 2714

o

v

ol

Mie M=E7EY

r

rx
ol
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(Piao 2006; Studer 2007)2] 71&7] ko] WHslE S35 A=A
HAS A= WY 3711]2] NDVIZES] &3] (threshold)
ARE St A=A =74 3 (White 1997; Piao 2006;
Yu 2010y B o]-85t0] At dA] A=A A 2] SOset
EOSE 77} Ftsfal 1 ghes Hafsto] 4oz ke
©] SOS¢} EOSE &5ttt (Fig D). 71&7] ghel Hgks &
2k SOSe} EOS 574 W (4] 15 4] 2)3t NDVI gho] AA&
ARk W (4] 35 A 4 2] 5 ZF7F ofa) Atk

Stpe 1: Double logistic $=2] (2]1)S ©o]-&5F NDVIE A]

Savitzky—Golay filter

step 2 step 2

h 4

Threshold Inflection point

Mean of all methods

step 4

505 EOS GSL

step 5

Partial correlation

Fig. 1. Flowchart of procedures used to determine the
SOS EOS and GSL of phenological event from
normalized difference vegetation index (NDVI)
time series.
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ALA oz 1Y (fitting)d}al, ZAQ] 22} E3krE LTk
AU (THEESA Aehxe] 82)9) FpRAelA 2l
3 4= = FUHE) FHdiAef sgshe TS ERpL HEE

SOSelcf. S (§i7eR el AR £ e

oAl &I &= Q= T iAol sdsh= FH] Ext
ul& EOSo|th.
(1) =atb(— )+ (— ) (@&
Y T+elt=d7 T qeet)) K

Al (1)o]|A] a= NDVIS| raw data Z}o]3l atb= A=
NDVIZEe] Zcj 12 Ukl e A7ke] W2 (1 day)olch.
y ()= AJ7to] td o NDVI Zk (Julien et al., 2009 ; Zhang
et al,, 2003)2 2oJu|3}aL QIth. ¢, d, e2} b= Ao Al
olck.

Stpe 2: Double logistic $=4] (4] 1)°.& A|AE NDVIE
W5 T F NDVIS] 37H (52 o] 7k e A4
o] u= SOS (B2 FOS)eka weket 4= Stk = slefoka)
Sk 12} =3krl] FA QoA A 2 a0l ST
sle IRE SOSeF EOSeFar Asleth (Studer et al., 2007).

Stpe 3: §49IA SHUS AHE31e] SOS} EOSE 3t
Q1&g 4= Qltk. Double logistic 32 I|8$F NDVIE th
ofele] 5418 olgstol el wh.

—NDVI . )

min

4] 2)

Ratio,,, = (NDVI,, — NDVI_; )/ (NDVIL_,

4] (2)°| 4 NDVIday«= &7} A4 H A]7]2] NDVI2] gf
< YERHIZ NDVImax2} NDVImin= NDVIQ] ujjd Z|tj%]
oF H4A]9] ZhE onfatar gk &2 Aol Al NDVIS| A
215 028 7145te] SOS2F EOSE AALSTH (Yu, H et al.,
2010).

Stpe 4: o] B2 AlsA WA AAIXE 052 A5}
o] SOSQ} EOSE AAFSIATH (White et al., 1997).

Stpe 4: UAAE LGA7 = WS ANgSto], BEAE
A 719 A171¢] SOSeF EOSS g3t} 24 A7]7F NDVI

gloElE 7]Hlo 2 NDVIQ] Adz 2 wWsle mjeleli,
ol o] Al o] gste] A717F NDVICS| ¥gke-S 155}
Ak

NDVE,, = NDVI(t+1)— NDVI(t) A 3)

NDVI(t)
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41 (3)°A] NDVI (t+1)T} NDVI (t)= Z-ZF NDVIZ} t9h
1 EIH & UER AL 9131, NDVIRCE] Z|jx]9} &4
il F2F 54 SOS&}t 712 E0S9) IAXE Hehfar ¢l
t}. NDVIi= thagath -2 Al o] 88to] m||eh 4= Qirk

rlr

NDVI=a+al Xt+a2xXt*+-+anxt"n=6 (4] 4)

A (4ol t= A% £t glo] (Julian Day)E ju]a}il
9ila, al, a2, -, a6 WY ARE ojujeict i vl

3} NDVIS} oqu% 7l HPY o = SOSe} EOSE &
Q1gk 4= Ut} (Piao et al., 1997).

2.3 7|¥x=

2 oA CRU TS v.4.0300A4] vijazst & a1 &%,
A HA 2=, 9 g GG HolHE ARSI
I AAFEL 0.5°0]H A7E #9)= 1982-2015W7HA] oF 34
kel #ejoltt. A Képpen 7|35 HlolE= X1
28 st So] &3t A ARt (Hylke
2018). Koppen 7] 357 A} RCP 8.5%}29} 7|5 A
2| Hdls o] gsto] 539t Ao 1980-2016W7HA] =
2 715 A ERdlolHE 31t Y= | km @R 15
< g Adjolch

2.4 MYHEH

H 951 3089} EOS, 12]al GSLY| A3 #izls
FAs7] 918kl AFE|F BAe SAsIATh 23014 Akt
 use] AEAEA g (SOS, EOS, GSL)2| A1 3] 7124
o E3lo] WAmjre] AAZES LEHTh AAREe] WEke
AEAEO] FF7IAY Aehe ke v, 1 g
o 7= §]—o]— AEE vepdth 2 dtollxls BAE
9/] % /\ 95%§ /\47(-10]_0:11:]-

2.4 PreseasonO|A{e] AMEH
2M

|[2Yat 2=t o2t

== O —

Aol BT olgolel, 22 7)29} 24 7
] OS2} EOSef| == o= 245kt ol=it e
3ff, 7]eF W7} 7] 1A ke = 8o % o] =5 A|A s
SASFAE (Peng et al,, 2013). A& 7171 A|2k=]7] A
o) 2t Ae] AEALY AY A1) FE oA 7
PSR QAL & 4= Qltk 2 e BIE A e

ON.\_HOHHF}O



)
i)

4 A AT Bl Ald ARt 2RSS
Ap sh= Alo] BA oA, 2=E A|Qstal E tE
(ex. )= TRt Ao AR A717) AlAkslr] Ao
A i Qlrk wEbA 2=7F Y A1l miAle
= AT o, AYEEAE Tl A 72 EYE

i

o

258 =2 AS LERHAL Qlth (Menzel et al., 2006).
2|3 259} A £%7} SOSeF EOSel| ek = o]
PreseasonS &-215}7] 238l SOSL} EOS ©]A 0, 1, 2, 371
o) Bt FHI 7|23t HA 71 Allo] PATASE T2
1ol Sl T W (35, TS HIES A
oh. Zo) JPAS RS 53 A7) A7k SOS. EOS7E
A ZsH= A - A2 Ax)EIch AMASE 324412 Piao et al.,
(2015) 9} Fu et al., (2014)2] AF Aul= st

3.

[N

oW o

w

1 it WEARYe AMSH 2=

shibmo] QAR e Y|l Aol A et
UHL, SOSE 397 49e] AP717} AAh| 3 BOS: 9%t
109 Aol V7|7 FREe GSL oF 677tk
ax|ofe] 79 SOt % U A2kl 901002 Afolo] 4

ol M=rAEY WHat g7 441

719] Zo)7} oF 200220 Hw=3l A& .
. 53] S satr) ok SOS7F Ank 2 2 1209-130
A Apol= AA7|7F A AIAFEAL EOS= 2 280-300¢
Atolz 717h 4 FRECE RG] oF 170-175
A Afolz = HeA|gET ZRe Zle geld 7t lot
(Fig. 2).

THA 34E7He] b o] B AEA Y] WIS EE
# o] 2po]S Holtk. oF 62.3% A YoflA] SOS7F AR
L, 18.8%0f sfgshe A/9o] 2] 45 HArk "IAY
2 0.24 Y/d9] WskEER SOS7E SFFAZIL (p<0.05), 2
Q= SOS7F AR = oS HOlA|TE &= oF 0.02 9/
do= ufp- Yok 3 WAl X7 BIe] FEA] o)A
= SOS7} mlg| x| = 7kt gt 2 29 SOS+= Sk
A= A Holal &= oF 001 Y/dor BHtel &
ofr|olx|d KT} Lt} (Fig. 3 (a), Fig. 4).

SOS¢} &2l EOSt= FHte A A|YolA dE= FA1E
UERY AL 1504 oF 48.6%2] A]%jo] EOS7F A1t== &4k
o] F5lslA Uebgth 53] |ete] Ui oo A= EOS7t
md oF 0.6-0.8U AFE Zlo = UERith o] Hiee HHk
Aol EOS gl &9 2ufjof] G3ie} e HA1A]
<= EOS7} =3Al= &7t oF 0.24 daylyear= F4H 3131,
Hote] 79 EOS7| AA == &%) ¢F 041 day/year= H|

1B

>

b

re |

(a)— ‘ — (b)

42°N ¢ 42°N +

39°N |

Latitude

36°N 36°N r

33°N + o 120%0Km 1 33°N | o 12062:0Km

39°N | x

39°N |

36°N r

33°N | © 12062:0Km

125°E  128°E  131°E
Longitude day

[ I
85 95 105 115 125

125°E  128°E 131°E
Longitude day

[ I
285 305 315 325 335 175 185 195 205 215

125°E  128°E  131°E
Longitude day
EEN - s

Fig. 2. Spatial distributions of SOS (a), EOS (b), GSL (c) over the Korean Peninsula during the 1982-2015.
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(&)~ (b} ()

42N | S0S trend 42N | EOS trend a2oN | GSL trend .
3 39°N 39°N 39°N
=
= o o .
|
36°N f 36°N f 36°N 1
" (D) 37.7%(5.2%) ' ' (D) 93.8%(48.6%) " (D) 80.4%(38.2%)
33°N t i (A) 62.3%(18.8%)Y 33°N = (A) 6.2%(0.2%) 33°N r = (A) 19.6%(2.1%)
125°E  128°E  131°E 125°E  128°E  131°E 125°E  128°E 131°E
Longitude Longitude Longitude

<08 -06 04 -02 0 02 04 06 =08 dayyears‘1

Fig. 3. Spatial distributions of SOS trend (a), EOS trend (b), GSL trend (c) over the Korean Peninsula during the
1982-2015. D and A represent delay and advance, respectively. The black dots show the pixels where
phenology trends are statistically significant at p < 0.05.

i y
130 Korean peninsula 130 North Korean 130 South Korean
Slope = 0.01 P=0.92 (a) Slope = -0.02 P = 0.86 (b) Slope =-0.24 P <0.05 (¢)
%] . 0 : : w : ' .
© 110 T g O 110 ] _ O 110
%] ) 2] ; / @ \
90 90 . : : : : : 90
210 210
Slope =0.23 P=0.08 (d) Slope =024 P=0.08 (e) Slope =0.60 P <0.05 O (f)
. - 210 H [
7 190 / g 180 / @ /
4] ‘ _ © 190 f
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315 315 1o
Slope =0.24 P<0.05 ) ( g ) Slope =023 P<0.05 ( h ) Slope =041 P<0.05 ( I )
315 no
%) : 72} . [%2] P —
Q 300 / 2 s / 2 /
T ‘ 7 Y 300 . ' ;

285 285 . 285
1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015
Year Year Year

Fig. 4. Linear trend of SOS, EOS and GSL over the Korean Peninsula (first column), North Korean (second
column), Sorth Korean (third column) during the 1982-2015.

A Trk 25 023 daylyearst Lehkon] wato] wls} FHEQl Rus Awnw, shkwo] o 80.4%0] X%l
o] AL %57k w7 Uehict (Fig 3 (b), Fig. 4). A GSLE AAE 242 Hojxiy), ol EOS7} %37
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7 30t TIReELR Qe

+ A9 H9let fAR FES 7H 2S ERIE 4= Q)
t} (Fig.3 (c), Fig. 4). 7L oA <F 38.2% | ollA] GSLO]
Aol FslotA Vrehdta GSLO| W3t sie= gEate]7t
H| 2] S} g@ihe] it Aol A GLS= oF 0.6 dayl/year
7F Al AE AS SIS 4= USIch WA, 53t
GSLi= w53 o] FAloll tehar glek. dykdos &
FS uf, FHIES] GSLS oF 0.24 day/year 9] Z715A1E B
ot fodol w4 gk #A 3047t S| GSL= uf
W 0.24 day o] &2 AL Ql=d], o= E¥te] GSLo]
Ao Qg Ao R 113 4= Qlrk. gk o] AE Al
/39] Wsh= ERbLo] BIslEAe} AR ThE e YERY
I Qlek BHERE SOS7F ShEAA|AL, EOS7F =3 AW A
GSL7} A== SAlebd, $hhee] GSLe| A% EOS<)
Ao R QIgt Ao HE| Il P F XA 9] Zpo|7} ufjg-
T AS Hlrk J3te] S5 g, 3 o, Al H A
= 5 A A9 BA S0SY| FFAAIL 1 L= oF
0.4-0.6 d/dolct. o7 wAIS}E A1) BEAE /el
= HIA7] HEoltk (Joeng,2014). ofo] H]sto] H3HA]| 4 <]
SOS9| Wskr} Argshr] ofom ARdsl 2| qut gdt=, 21
23l FAEEA A= 02-04 D/do e =X
k2| ol A= EOSeF GSLo| W3} HaRe =3 x = IS
Helrh 1A 3047t J3te] EOSE oF 0.4-0.6 /o] &
B A=A GSL= 0.8 9/A9] Hre A AR Qlrt. &3t
Aol 41 €] EOST A AE)= ZaFo] HolRt oF 0-0.2 /|
o] £ Wt Yot sRx|Yk GSL7t ©EEle 2|9t
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Fig. 5. Spatial distributions of the partial coefficients
between Phenology and Tmax (first colum),
Tmin (second column). P and N represent
positive and negative correlation between the
SOS, EOS and Tmax, Tmin. The black dot
show the pixels where phenology trends are
statistically significant at p < 0.05.

Journal of Climate Change Research 2019, Vol. 10, No. 4

Agdo|x, o RE T
3 Id3lx|jedoa o]%dt 4= 9l
7|2 E ‘61 J*?J“Z‘ = = 20E
7HAAL Qe 53R ti5A71E E40] v F3lsh] i
of ZaL 7]o0] ”*ﬁ«l SOS ®islol] P2 vA= AY S8
gt ¢lAtolet ol EHIEE tike= g SAPAEEA ) A3
Aot fARE s YERfa 9t

S AR o8 AT A, 7H&H 9 E0Se] W3}
= e A7) FedFE W=t AN 't
A9} E3A] S TdEo R HAE
7]0] = A|¢9] EOSo|| thgt
9] EOS ¥igh= 8 17|23} =& AadE Holsal 9l
EP Preseason 717 Ho] B =2 H1 7|22 7&%‘1 ‘3—434 A}

—Yl rlo
§
g

0 XN

" 0_9. oﬁ,

_I

7]__x4 ) 7}3:16} EHo):
sajepe Jgago] Hatiche a% ojulshu], B Alere] %

o
M= Ago] o] 83 4 Gl SHAE AAAA ARG

it
oo
rr
pou)
filo
e J
of.
o ruSL‘
e
x0.
£
ﬂ
F_‘

50% :
40% |- Positive (a) |

30% [
20%

(0]

8 10%

§ 0

5 10%F

o 20%
30% :
40% g B e |
50% | Negative I Trin |

Korean peninsula North Korean South Korean

80% T H
70% iti ) ] b)
60% | Positive : ) ]
50%
40%
30%
20%
10%

10%
20%
30% : |
40% : [ Tmax|
50%  Negative I Trin |

Percentage
o

Korean peninsula North Korean South Korean
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