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Potential Habitats and Change Prediction of Machilus thunbergii Siebold & Zucc.
in Korea by Climate Change'

Jong-Hak Yun”, Katsuhiro Nakao®, Chan-Ho Pari’, Byoung-Yoon Lee’

QT v)Fuslel UE HHE FERiRe) BRSPS Z15aclu BASet mes| Tl ] WA A%
2 CTRYS o] §sto] alZalich. BY T2 S5 47) HYWSRE HIYHA7|TMC), LHAWD, 1A%

2 B9 FEE FUE $E B9(Mih-model) oA TMC(H
AAH/) L7t BES FAE FRAJNOR gl on], TMCEHFLAA L) 337CoIA AGoA Fuhtr
o B2 2RREL ehlich BRI FolA] BUHE TR B ASAPH)E 9326kne o] ZH GO, 355
271 AU 2(CCCMA-A2, CSIRO-A2, HADCM3-A2)9| 4 61,074~67,402km?('F5t: 58,419~61,137km?, £5t:
2,655~6,542kn?) 2 | ZH ik, 7150l A ZA S 49-51%( ek 49-51%, B3k 2-5%) F7HE WA o]
2 E|gick. 715 sto] ute PHE FURERY FA oA bt et JgBase Aol i Fu

Bl SHEE V| AEE0R Sasthn wase A4 ALK that A% mUEe] Fasith

ZQ0: CTRY, X B3, £
ABSTRACT

The research was carried out in order to find climate factors which determine the distribution of Machilus
thunbergii, and the potential habitats under the current climate and three climate change scenario by using
classification tree (CT) model. Four climate factors; the minimum temperature of the coldest month (TMC), the
warmth index (WI), summer precipitation (PRS), and winter precipition (PRW) : were used as independent
variables for the model. The model of distribution for Machilus thunbergii (Mth-model) constructed by CT
analysis showed that minimum temperature of the coldest month (TMC) is a major climate factor in determining
the distribution of M. thunbergii. The area above the -3.3 C of TMC revealed high occurrence probability of
the M. thunbergii. Potential habitats was predicted 9,326km?> under the current climate and
61,074~67,402km?(South Korea: 58,419~61,137km?, North Korea: 2,655~6,542km?) under the three climate
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change scenarios (CCCMA-A2, CSIRO-A2, HADCM3-A2). The Potential habitats was to predicted increase
by 51~56%(South Korea: 49~51%, North Korea: 2~5%) under the three climate change scenarios. The potential
expand of M. thunbergii habitats has been expected that it is competitive with warm-temperate deciduous

broadleaf forest. M. thunbergii is evaluated as the indicator of climate change in Korea and it is necessary for

M. thunbergii to monitor of potential habitats.

KEY WORDS: CLASSIFICATION TREE MODEL, INDICATOR, DISTRIBUTION
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715 W3] I3 FE7E FOA|(IPCC: Intergovernmental
Panel on Climate Change)@] A 42} H7}H 1A o 93}
214171 (2090~20994) 2] At HH7] 22 1.8C—4.0C
AT Aor Hustelon, AeA 2 AE AsA W}
ol P v Ao w AS3HUTHIPCC, 2007). 7] ¥
stof] w2 A AEjAS] G B7t= IPCColA Fagt
A 9] stz dFE o H(MaCarthy et al., 2001),
2 |l ofgh ugel Rak i3] 15 5

Rl sl 48NS ASsks A7k A gk
0 SR A oA Aol Batare Al A
A weg FEoRA o A|Eadold e B
S8e TRAoR o2 4 k. E7, 7| FHse] ne
oo WA Hslel 82 EY 8 24> 9t Tsuyama
et al., 2008a; 2008b; Horikawa et al., 2009).

At 2dsto] ot AlE £ oS A= FH vl
2 FA4o7 s d7H(Huntley, 1991; Huntley et al.,
1995; Iverson and Prasad, 1998; Iverson et al., 1999;
Harrison et al., 2001; Berry et al., 2003; Thuiller et al.,
2005; Normand et al., 2007)7} 8§11 gt EoJA=
A2 ol TRt 715 aglo] oJRt A AKA] oS d
(Tsunekawa et al., 1993; Nogami, 1994), Fagus crena
(Matsui et al., 2004a, Matsui et al., 2004b), =35
(Horikawa et al., 2009), A=A Ayits 240—(Nakao et
al., 2009), AASA A4 10%(Tanaka et al., 2009), %3]
)& 23(Tsuyama ef al., 2008a; Tsuyama et al., 2008b)
Y 7120 B2 oS0 WIF A7 HaEich g
T BE o3 mES o83 T RS
71527 9 ASA 9] FaRiste] tigh A(Yun et al,
2011a; 2011b)7} 2o, 7l§‘tﬂ§‘r°ﬂ = 4 *ﬁ‘“'ﬁoﬂ ol
e 2S5 S 71 W Ex
;(]31.]5] o]x] 01—1:]_

AA 71 SHSte] TE FE53 7S SREEY i

et 9 A=, S5 ARl RS 2 =

Hrdol i g 9 nE Aer fSEu ‘219—
(Yun et al., 2011b), G2t A=SZH-HS 14 o}
$F T sl FEh= sidtlise s Al EH%L
Aoz ferEy SR JiA 2 AR —cioﬂ gt
oGL&2 = Lee and Choi(2011), Yun ef al.(2011a), Yun et
al.(2011b) 50| 9low, Fuh}ro] A PEFA X2 Q1A
Al A= AL AR seHE R o) g A7 Ak,
YT (I =, sk, Yool ZHAlwte] skl Q)
THLee and Choi, 2011). FH}H = 7| ZHSlo| wha} E32
= shfslel YRR FATH: T 9 A2
ool A2 Ae] BT FA0) AU A
Aretete] wtetatx Wste] FRE vl Aow wohErh
wehd, FERIRe] BES FASH 152 2 9 A
2415 Yol AL THEE A% A4 BT WS} 3 A4
9] E %:Lﬂl"ﬂ -9 Q2 5}t

£ 87 THIRE dios ads Sus
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AT A= Fotrlor Ao FgZe] 9]A]stH, 59
330-38°, =7 126°~132°0] 0] Qi 3l =%, &
TS EZUshs AY9S o= siglth Agdezs F
= Atolof Fal YE} npEste] A5t glon, 3|
2 Aol £ F33} viate] fiAjsta gk gt
AR = glEAI S X 07 B OB AAAE o|2 T
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o}, e A Fol = g ARG AlFETt 9
28k, Fallolls &5 =7 $AIskaL otk dhuheo] 7%

Agiroz Auaprt & 54 7159 Aujs 2 9l
o, 2T e 109 FHivle Bdgke 13.7C

>~l

-
=
o



7\ usto] nhe gk Fuh

o] A AsA 9 st S 905

(1991~20004), A|ZE 14.47C(1991-20004), 2= 11.
8C(1991~20001)E UeFH I QIth(Yun er al., 2011a).

2. ERE XtE

HI

AR AR ] BESE FIRE foz

Ao} 2 FUPRAABKB)S] A% 5t 2ol
A R ARE 2Z3)0] o] @l ST AR HE 217

wro@ hed) ABUS) A8EY HEAT o2 4
2, BagzhElo] Saso] ol2E 4 glon, o] g
SAlE Qo] ABEE ARG Flole] ARK] BEE
o123 Bat oirk B ABEE AR AT %
AF AFRE ASE] 2 E PRDB(Phytosociological Relevé
Data Base)(Tanaka, 2007)E ©]&35}4ct 5% FELUE
HAGE A= 2,050(3= 1,229; A 1,.82D)A1F Hfj3he]
7} Qi 2|9 YareR of Ik} AR sl
Foupbpe] A4 $EES el ickFigure 1)

3. 7|¥Xt=

713 A2 = Worldclim-Global Climate Data(www.
worldclim.org)of| A A|g8k= SoFAloF 2|99 hitEet o
9] 713-35& 30 arc-seconds(—1km) ZAA}o]| tste] &
slo] A& Lo a3t 25A|4(WI: Warmth Index)
(Kira, 1977), Z3r4zA7]2(TMC: Mean minimum
temperature of the coldest month), 3&}A7 <==H(PRS:
Summer precipitation), FA3=HPRS: Summer precipitation)

@ Presence

Figure 1. Actual distribution of Machilus thunbergii in
Korea and Japan. The number of the presence
of Machilus thunbergii was 2,050 records

of 47} 71 5W %] Thak 301(1961~1990¥)) B 715
< dA7]% A& (Current climate data)= %]-8-5}%
SAHWDE A% A8719] A A 3o|nl, FobAo}
o) iz AEREE HATe] ool Fad 2l
(Kira, 1977; Ohsawa, 1990). 2|3t *|7]-2&(TMC)S 5
AY] A =3k Ao, JEEY4o] 3 Agtacleltt
(Ohsawa, 1991; Ohsawa, 1993). 7}=QQlo 2= AlS7]9)
TEaw AEEA 59U HAZFH(PRS: Summer
precipitation), A2 AZXHYE U AMeFo] X FEA 12—
349 A7+ Z(PRW: Winter precipitation)Z ©]-83}%
th(Figure 2).

vz 7] 5 7= 2000 IPCC(Intergovernmental Panel
on Climate Change)?] Hj& AlLtg]eof st EHE A
(SRES: Special Report on Emissions Scenarios)of| 4] 2174
5l Q= AT 7] TR (GCM: Global Climate Model)

2y

fil L2 rfo

HADCM3-A2

WI (‘c:month)

Bl <45

Bl 45—-60
60—85

N 85100
100120

B 120150

Il =150

TMC ()

Bl <20
Bl -20—-15

PRS (mm)

I <500

B 500750
7501000 4

B 10001250 Y
12501500

B 15001750

Bl = 1750

PRW (mm)

Bl <100
B 100200
200300
I 300400
400500
B 500600
Bl =600

Figure 2. Maps of four climatic variables under the
current climate(1961-1990) and future climate
scenarios, i.e., the CCCMA-A2, CSIRO-A2
scenario and HADCM3-A2 scenario of
2081-2001(Yun et al, 2011b). (A) WL
Warmth index. (B) TMC: Mean minimum
temperature of the coldest month. (C) PRS:
Summer(May-September) precipitation. (C)
PRW: Winter(December-March) precipitation
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% CCCMA(Canadian Centre for Climate Modelling and
Analysis), CSIRO(Commonwealth Scientifiec and Industrial
Reserch Organisation), HADCM3(Hadley Centre Coupled
Model, version3)] A2(AA147 @ Aei5e] %4)) Alute)
QofA ASH 7]FA R A 201(2081~2100)d Ft 7]
ok 283 kFigure 2). GCM 9| Z) BHl A g2
2 CCCMAY] CO, == Control run¥} Transient run©]
ZYz} 295ppmv, 1%/yr, CO, HISA] FHJe o] =Ldh=
AFH2EE UYEY= 7|50 %(AT) 3.5C, CSIRO=
330ppmv, 0.9%/yr, 4.3C, HADCM3+= 323ppmv, 1%/yr,
2.5°Co|ti(Takahashi et al., 2001).

FHhe x| odo] Tjst #4715 304(1961~1990d) Bt
7)1k WI 95.0, TMC -.7.7°C, PRS 955.6mm, PRW
157.9mm= AEE|QIe). 3L w7 $ Alute] o] ofgh &t
e 2| Hot 7] 5ZH2081~2100E)-2 CCCMA-A20] A
WI 126.8, TMC -2.6C, PRS 1163.3mm, PRW 134.8mm,
CSIRO-A29]4 WI 131.7, TMC -2.5C, PRS 1093.0mm,
PRW 148.8mm, HADCM3-A29]|4] WI 133.4, TMC -2.3C,
PRS 1477.8mm, PRW 220.lmm=& of|ZE| it}

4. SH A

SABAS Aze] et | 7o) BAZ HAH] )
so] ARS Afat FS5HA WHEstel 24E(Data)7h Rl
S o 71X] 28 =2 JL&5= CT-model(Classification
tree Model)& ©]-83}%tH(Clark and Pregibon, 1992).
CT-model> A=F9] £ /7 (/)5 S5, 41
715E YRS A8oto], S Y] B A4S
A-gof ogh mdl 5o AE Fo) o HEefo]
AE siAsk=tl o] &= AYeeHa] sfAo] Ads] olst
THDe’Ath and Fabricius, 2000). CT-model&] F+ZA] A}
go]H(Clark and Pregibon, 1992)& E3alo] 24 9] B3]
5 lsigich wal EIfE AwE 107] 1522 U
0] 97l AF& olgsto] BASE kAl ymA| 17 1
FoE HuS Bristo], 249 £e3eE HHse Ao
2 1003] ¥HEsto] f2|3leE WAkl 7|5 o
3t 2] 23 =(DWS: Deviance weighted score)(Matsui
et al., 2004a)F 4hEslo] dl 5ol kS v|A|= 7%
a1 gelskql

TE5E Y S =(BllkEE)S st flsl
ROC(Receiver operating characteristic)3sl|4](Metz, 1978;
Hanley and McNeil, 1982; Zweig and Campbell, 1993)]
9J5] A& AUC(Area under the curve)Zr o2 7|54
AUCZHE 0.50]4, 1.00]819] ZHo2 1.00] 24 42 1
wpzol Agsichn wAHG. AUCE] BrIES

0.9~1(excellent), 0.8~0.9(good), 0.7~0.8(fair), 0.6~
0.7(poor), 0.5~0.6(fai)o. 2 FLESIHHSwets, 1988;
Thuiller, 2003).

CTEAS & 59 ZdolA A5 A X|(Suitable
habitat = 4| 2%e] 8o Mg BAS 2= Aoz
mele] Halst AnHe o HEskEe] o] o)Al 2|
0 2 Ftst S ch(Tsuyama et al., 2008a; 2008b). A1 A %]
o] JA= =Y AFHE F7HE 93 ROC(Receiver
operating characteristic)?] 3|4(Zweig and Campbelll,
1993)0| 4] %=(Sensitivity)2} Eo|%=(Specificity)7} A=
1.0 7}71g- o AR (FAH AT 1.0242] Ag]o]w, Al4HA]
2 MinROC dis.= v [(1-Se)* + (1-Sp)?] ©|th(Zweig and
Campbell, 1993; Yun et al., 2011b). A ALS-X|(PH:
Potential habitat)= 95%2] 7} %=(Sensitivity)d 739 A9
Holxl= SHEES AR 853tk Tsuyama et al.,
2011b). E3E A5 229 A=) = Rar A A
S £XSE HUbs 2 (YoR AEF A&
aoA] AgtsiA] 92 B A= AYE ExX HEA
(MH: Marginal habitat)= #+ctsto] EA35}4 T Figure 3
2 & AqtollA 7] St wE dRte S (Machilus
thunbergii)®] A AY5A o digt £4 35 Eolth =
4 =3 o 2= R2.11.1(R Development Core Team,
2011)& ARE-sFSAT

Current climate dataset
for Machilus thunbergii
(WI, TMC, PRS, PRW)

Distribution data of

Machilus thunbergii
n=21,803 (Pres.= 2,050; Abs.=19,753)

Developing
| Classification
Tree(CT) model

ROC analysis

validating 100times

ROC analysis »

Determing threshold

CCCMA-A2, CSIR0-A2
and HADCM3-A2 Scenarios
(2081~2100) for grid(~1km)

Current climate
data set (1961~1990) -
for grid(~1km)

v y

Potential habitats Potential habitats under
under current cliamtes CCCMA-A2, CSIRO-A2 and
i HADCM3-A2 Scenarios

Comparison

Actual distributrion
map of Machilus thunbergii

Figure 3. Flowchart of analysis
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St o B3t Sl Machilus thunbergii)o] T
gk 220t 715849 WA E CT-modelS o]-§sto] Fu}
URo] Bx wd(Mth-model)S F=3F%9tHFigure 4).
Mth-model €] A EHEE 23157] e ROCEA S AA|
3t A3, AUCZI] 0.892 AHEE|9) 01, Swets(1988)2] &
9 74715 AUC080] o3kl good o2 BAHYH
ROCEHo] Balo AFEr AHY 499 HEHE
S IA(BH)Z 3t FH(MinROCdistance)-> 0.1400]H, =
o] 232 2d(Mth-model)of| A @SS 0.1400]7%
o] 2194 A2 %|(Suitable habitat) 2 ksl Bz
WA A (e )] 95%E 3ot ) 2dSES YEH

£ RESLE 008401449 A2S WA 457 (Potential
habitats), 92]ZF 0.084~0.1409] AL HIx HEZ]
(Marginal habitats)= Ztsto] EA5HS T

Mth-model®] += A3} 97]19] terminal node= X3+
A 7] &(TMC) -3.3CE 7|2 E A A 115TND~
@) Al 2ZFHTNGD~@) 22 ol gk Al1gS 2
S Z A 71 2(TMC) -5.9CE 7|+22 node D} node®),
Loz FEEHAH, A22FE HHEFA7](TMC)
-1.2°C 7122 2 node@~®2} nodeM~@= FEEIth E
gk ZF #71E 252 7138l Ysf ohA] E71Eo] 7t
terminal node(TN)o] 3t 7|3 % A0o| A== Q)

ke SR o] Bt 7|5 adlo] it A A=
EIEIE 0.140 o]A9] Ao 2 TN@), TN®), TN®), TN
©@o)H, BEx HEXL= BEx3E 0.084~0.1408 X|Ho =z
NG, TN®= &= doH, A A (BFAA 9 &
X HEX)= TN@O~-©2] 67] terminal nodeZ of =E| ¢t
T=% Mth-modelof| A 71 &2 SdSES Yeli= TN
@9 7]1T27AL 127 <TMC, PRW<I83.5mmo|s], 71

508 £FFEC & TN@L -33T=TMC<-1.2C,
PRS<713.5mm, TN@%= -1.2C=TMC, 276.5mm=PRW,
TN®2 -3.3C=TMC<-1.27, 713.5mm=PRS, 101.9=
WIQ| 7|$z7o|t). Fi MEA 2 AdE= TN®Y| 7|+
ZAL -12C=TMC, 183.5mm=PRW<276.5mmo|H,
TNGL -33C=TMC<-1.27C, WI<101.99] 7|Z2xHo =&
2=,

Mth-model©] +ZA] terminal node(TN) E&]of 233t
EYHo B2l 33 = (DWS: Deviance weighted score)
= TMC(ZRHE A 7]-2)7F 92.5%, PRW(EA )7}

5.5%, WI(Z24)7} 1.1%, PRS(5HA17H4:2H)7t 0.9% &
HAEg e, SHhRe] Ex25 A4ste Alacler
TMC(Z/3HE 2 2] 7]2) -3.3TCE Yun et al(2011a)o] 4] A
T =] TMC(HHE 2 A 7] )2k CMT(H3H 25w
712)9k0] 3] A4 y=0.815x+3.384 (1=0.99)°] ¢]5}H
09T H-SE ) Yun ef al(2011a)2 HFE o] o)
FEEHGo ol gk 7]l Wk Aol T
o 4E2Are 225 245ks Al7]Facles TMC
(R A7) -5.95TCE Bt om, ghvte 3hd
7] 2(CMT: the coldest month mean temperature) -1.
7Co] of-gstctar gisl ul Qltk. Ohsawa(1990; 1991;
1993)= FoFAloF 2199 915k 20~30° o] FA| oA A=
ZAg waof gt WATHAE 3 H 7] 2(CMT) -
1col AstEca stk w8k Zxp$-g = (RMD)7}
0.4045 UEHHIL Ql= Ao Hof & oA A3t
47§ 7122 QI(WI, TMC, PRS, PRW) ¢]o]| Q17H7H, A&,

TMC<-33
T

TMC<|-5.9 TMC<|-1.2

PRW 4 266.5

3_| PRS <|713.5

0000 4054 0005 ’—‘;——M-ﬂ]‘g PRW |_—“—\PRW<276'5
X Y {1835
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Figure 4. Classification tree for Machilus thunbergii
trees based on the four climatic variables.
Splitting  conditions and probability of
occurrence of M. thunbergii are shown at the
first few major nodes. If the conditions shown
at the top of a branch are met, follow the left
branch, otherwise follow the right branch.
resulting in 10 terminal nodes (TN). The length
of the vertical lines below each true-false split
corresponds to the change in the magnitude
of deviance between parent and children
nodes. TMC: the minimum temperature of the
coldest month, WI: warmth index, PRS: summer
(May-September) precipitation. PRW: winter
(December-March) precipitation



908 S5} - PR -

k215 - o]HS =B A e eke] #] 25(6) 2011

B Bae] S uA T G R

N o
re 0w
)

&

;

Th

Jor

A= HM MR o

jg

P AlA] B e Aot mA| 2] ot
A, Az, &= Aol Raxska Qlck
H3x 2d(Mth-model)2 ETfZ HAR|7| o4 =
o] 27 4357 (Potential habitats)= FHFE 3ok
255 AN, AFE AL hHoz 5H3
Ao Awat & A9 GBS oF 307 9
145,0127) 0], WAL oF 99 898km?*o|w, &35}
o % 186,7207), WAL oF 128,631km20|t}. FHELE
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LI73km2 2 o =5|o] ZA] 27| 9326km? 0.2 HA 5
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BR1Hof| A o|&E|Qlti(Table 1, Figure 5-A). E3L A
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(A) Current

(B) CCCMA-A2 (C) CSIRO-A2 (D) HADCM3-A2

Probability
[J<o0.084

[l 0.084~0.140 Marginal habitat
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Non-habitat
] Potential habitat

Figure 5. Predicted distribution of Machilus thunbergii
under the current climate and under the
climate change scenarios (CCCMA-A2, CSIRO-
A2 and HADCM3-A2) conditions based on
CT-model (Mth-model). The optimal threshold
probability of occurrence was 0.140 from
the ROC analysis, which was used to divide
the potential habitats into suitable (red area)
and marginal habitats(green area)

A20| A A AEA= FEAY 58,419km?, EeHA Y
2,655km? 2.2 % WA 61,074km> 0.2 of| 2| tHTable 1,
Figure 5-B). CSIRO-A20|A] A &A= oA
58,955km>?, E-3t2] Y 6,542km? 0.2 & WA 65,497km?L2.
& of| 2| 9] o v(Table 1, Figure 5-C), HADCM-A20]| 4]
L Ui, Balx o 242 61,137km?, 6,265knr 02 &
W2 67,402km?2 2 o =% cH(Table 1, Figure 5-D). 1]
2 7] ol A ghetE SEhGR O] ) S A= Fek| oo
A 49~51%, E3FA oA 2~5% 71 HH o] o SE S
o} o713 Ay o] et Bl gt od2 3l
Ak 7] FRstelgt FentRe] Bxddi= o SEH, o))
715 AU Qof uhel Al ASA] WAL thaA ZfolE
ERHIL Qlont, QIH, A, M-S Ol FHAYG7A] Bx
£ gfsta gtk E3L 3F5F 71 FAIGE 204 AS5H
] ABEA= fArRE 2 W3t 43S Yepfa glck 7]
H3tol| what g SEkbR O] A AJSA] o] His
A} Bzoz Folste], Yim(1977)2] WI 100~105C:
monthE AHAAHCR = e Gog YgdTg4s

i

2 1l

Table 1. Comparison between the area of habitats under th current climate and that under the climate change

scenarios
Climate Suitable habitats (km?) Maginal habitats (km?) Potential habitats (km?)
condition South Korea North Korea South Korea North Korea South Korea North Korea
Current 8,153 0 0 9,326 0
CCCMA-A2 55,921 2,655 2,497 0 58,419 2,655
CSIRO-A2 54,035 6,542 4,921 0 58,955 6,542
HADCM3-A2 35,407 6,048 25,730 217 61,137 6,265
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