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Abstract : This study was performed to predict the future climate envelope of Pinus pumila, a
subalpine plant and a Climate-sensitive Biological Indicator Species (CBIS) of Korea. P. pumila is
distributed at Mt. seorak in South Korea. Suitable habitat were predicted under two alternative
RCPscenarios (IPCC AR5). The SDM used for future prediction was a Maxent model, and the total
number of environmental variables for Maxent was 8. It was found that the distribution range of P.
pumila in the South Korean was 38° 7" 8"N~38° 7 14”N and 128° 28’ 2"E~128° 27’ 38”E and
1,586m~1,688m in altitude. The variables that contribute the most to define the climate envelope
are altitude. Climate envelope simulation accuracy was evaluated using the ROC’s AUC. The P.
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pumila model’s 5-cv AUC was found to be 0.99966. which showed that model accuracy was very
high. Under both the RCP4.5 and RCP8.5 scenarios, the climate envelope for P. pumila is predicted

to decrease in South Korea. According to the results of the maxent model has been applied in the

current climate, suitable habitat is 790.78kii. The suitable habitats, are distributed in the region of
over 1,400m . Further, in comparison with the suitable habitat of applying RCP4.5 and RCP8.5
suitable habitat current, reduction of area RCP8.5 was greater than RCP4.5. Thus, climate change

will affect the distribution of P. pumila. Therefore, governmental measures to conserve this species

will be necessary. Additionally, for CBIS vulnerability analysis and studies using sampling

techniques to monitor areas based on the outcomes of this study, future study designs should

incorporate the use of climatic predictions derived from multiple GCMs, especially GCMs that were

not the one used in this study. Furthermore, if environmental variables directly relevant to CBIS

distribution other than climate variables, such as the Bioclim parameters, are ever identified, more

accurate prediction than in this study will be possible.
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(Intergovernmental Panel on Climate Change,
IPCC) 42+ HilAof| A= 71513 5}k0] mefjo Zof <]
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T AAE A= 5ol Bash ATt S
2] ke 749 vl of|Zo] o] t}(Yoon et al.,
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CBISFOIA & 2E mdl g o]g3}o] 7] 51 slof O WKt HO R 7| A0 & QIgh ofarto] A
ot ZA} MAAE dl&e = ARl Yoon(2011) H2 REFO| WL op7|al AR Al
o] A7k QLo o] Aol AEEHES H7F A &2 & 4= glthLee and Kim, 2007),
AU (Quercus acuta Thunb, )2F SER(Machilus ek 2 A CBIS FollA 7] 3RSt 93|
thunbergii Siebold & Zuce.,)E A 22 7|55} HEA A ST} o E= ol EF oA EEt
of ;2 vl FAEAE EAsAT AFAs o AFH R Bt wgo] golsh AT
O AGA] BAFS oSttt ol BHES w2 Albo] FAITE of At AlES HAste] dR) B
& AAZIRCR She 257, 2 S AAAR A A2A BE W9E sk F 22 LE3} IPCC
AEE Ao AETF SHoA thFet M4y 53F B7F EIA Y] df 5 %% & (Representative
7ke] A= 9l thekA o] =717} oAtEth 3 7| & Concentration Pathways, RCPs)& %83t 7| & H
Hslo] gt AEFO] MR BARL seAole I AU E ol &af dA B njo] A FaE A
H3LE YoA ofd ZHEe] APHs 52 FAA A& &3l H2o] 9l E3H & A 7|$H
ol W% 9lthKwak et al., 2008), L&} ofar Aty Shol| o3k Fokx| o] B4 CBIS U 2o A4
OF 7+ I3t o BEsH= B 71 vl & R 712 2 AR ViR,
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o Bxsh= 455 713t o3t EeH
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Figure 1. P. pumila populations distributed in Mt. Seorak of South Korea
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Table 1. The vascular plants in CBIS that was selected in the NIBR of Korea

Family Scientific Name
Lycopodiaceae Lycopodium obscurum L.
Gleicheniaceae Dicranopteris pedata (Houtt.) Nakaike
Dennstaedtiaceae Lemmaphyllum microphyllum C.Presl
. Thelypteris acuminata (Houtt.) C.V.Morton
Davalliaceae
Thelypteris phegopteris (L.) Sloss.
Aspleniaceae Pteris multifida Poir.
Polypodiaceae Cyrtomium falcatum (L.f.) C.Presl
Abies koreana Wilson
Pinaceae Abies nephrolepis (Trautv.) Maxim.
Pinus pumila (Pall.) Regel
Cupressaceae Juniperus chinensis var. sargentii Henry
Taxaceae Taxus cuspidata Siebold & Zucc.
Betulaceae Betula ermanii Cham.
Moraceae Ficus oxyphylla Miq. ex Zoll.
Schisandraceae Kadsura japonica (L.) Dunal
Litsea japonica (Thunb.) Juss.
Lauraceae Machilus thunbergii Siebold & Zucc.
Neolitsea sericea (Blume) Koidz.
Anemone narcissiflora L.
Ranunculaceae —
Ranunculus franchetii H.Boissieu
Lardizabalaceae Stauntonia hexaphylla (Thunb.) Decne.
Theaceae Camellia japonica L.
Fumariaceae Corydalis incisa (Thunb.) Pers.
Rosaceae Raphiolepis indica var. umbellata (Thunb.) Ohashi
Leguminosae Caesalpinia decapetala (Roth) Alston
Daphniphyllaceae Daphniphyllum macropodum Miq.
Rutaceae Orixa japonica Thunb.
Meliaceae Melia azedarach L.
Cornaceae Aucuba japonica Thunb.
. Hedera rhombea (Miq.) Bean
Araliaceae - -
Oplopanax elatus (Nakai) Nakai
Ericaceae Rhododendron brachycarpum D.Don ex G.Don
Empetraceae Empetrum nigrum var. japonicum K.Koch
Myrsinaceae Ardisia japonica (Thunb.) Blume
Primulaceae Primula modesta var. fauriae (Franch.) Takeda
. Halenia corniculata (L.) Cornaz
Gentianaceae »
Swertia wilfordii ] Kern.
Apocynaceae Trachelospermum asiaticum (Siebold & Zucc.) Nakai var. asiaticum
Scrophulariaceae Pedicularis mandshurica Maxim.

Caprifoliaceae

Lonicera caerulea var. edulis Turcz. ex Herder

Aster maackii Regel

Compositae -

Farfugium japonicum (L.) Kitam.
Liliaceae Maianthemum dilatatum (Wood) A Nelson & J.F.Macbr.
Araceae Arisaema ringens (Thunb.) Schott
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Figure 2. The local range for analysis of suitable habitat of P. pumila and the mark(®, O) is P. pumila’s presence location
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W IPCC 7155} AJUhe) ©.(ARS)of

o] B2jo] gtk AT A} ARl 5t
Ul B ofmAlA B ghbEo] BEX|o 7
W S3bo] 340} Slck(Kong, 2006)
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2 4417

=
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skl
3. 32X 2%(SDMs)

H oJq9} 7ho] F B AR E o]gato] FR A4
A o2, BT 1A AR, A2 A Pt
o= 2 Bx mdo] oty tlofsl £ R 1y

(SDMs)o] 7HE=| e, FA ] & =2 o=
%£9] &9 /4% 9 (presence—absence) A7 S o1&
3t A 3| EA 7]HLI GLM (Generalized Linear
Model), GLME &3t GAM (Generalized Additive
Model), ANN (Artificial Neural Network) 5] &
|/ %31 QTk(Scott et al., 2002), L&} & o Lot
Zol Hl&d JHE FHT 5 gla 2P H| 9
sjjof & 79 Maxent (Maximum Entropy Model)
7} wo] AR8-E] 31 Q)th(Pearson, 2007). Maxent=
7| AlskE (machine learning)”|4ke] Helojn ot

A7} AAeh el At A E o] g5t F Hx g
e 01]33},_ mFoz Fo| 23} B4 Y,
H 220l A ES YeRol &tk (Phillips et al.,

2006). u}a}/ﬂ 2 AFoA AR F B2 B
% 23 A& (only presence data)JrO=E AA1X] £
3 of|Zo] 7538k Maxent version 3.3.3k (Phillips
et al., 2006)5 AHg-3}F3ATt,

4, BHHS

welo] AHgE FL4USE %—ol 42 9149
(¢}

A0l 93] &= Kong(2006)S 2% 3k, Eato]

BT A= A 2AE AT ARE o8-St
o}, @ete] YAt R = EF] He(sampling bias)
a3 AL SHAY H U)E AR
& 12709 HXWE* A3,

g4t ke Ao $A R

oVl xR Ar

w8 (DEM)}

Table 2. Environment variables used for the prediction of
suitable habitat

Variables code Description
bio01 Annual Mean Temperature
biols andad devion 100
biol0 Mean Temperature of Warmest Quarter
bioll Mean Temperature of Coldest Quarter
biol2 Annual Precipitation
biol6 Precipitation of Wettest Quarter
biol7 Precipitation of Driest Quarter

Altitude Digital Elevation Model

IPCC 52} H7}H LA (AR5) 2] Hj#-5%=7 %= RCPs
£ #8351 Bioclim(http://www, worldclim, org) 7|
S22 E AFESTHTable 2). Bioclim@] 7| 24L&
+ & 197 W5 Algstn] 1971 ¥ae tsaAd
(Multicollinearity)o] ¥HA4 & 4= it} wetA] PCA
S S8 HELAS 7L = Y W
(Bio01, Bio04, Biol0, Bioll, Biol2, Biol6, Biol7)
S AA st H(Seo et al, 2009, Kwon et al.,
2012b), & AL9] W)= gt Hoo
i OIS aeste 53 e EE 1km
& AAsteltt, RCPsoll= tpFst 7| 3t S g
(GCM:Global climate model)o] glom £ &7t
A= 3] CCIC(Climate Chnage Information
Center)7} 4743t HadGEM2—-AOE #-&3}%ict,
RCPs AlUr2] .= 2417k 7) A allo] Adds] A3
Tl 490l RCP 4.5, €A A2 47147} &
= B¢ RCP 8,65 A3l o5 H9=
20504 (20419 ~20604¢ % )3} 20704 (2061
~20804 B+t o= sttt 59 B W 4
=AY $IA AR = ESRIAMY] Arcgis(ver
9.3.1)¢} Diva—gisg ©|-8§-3to] Maxento] Y& =
QL= ASCIL CVS 8102 wakatolr).

CEis—

5. Maxent ©&io| Mt 2l ZxMAIX| OIS

970l A8
Thet $A w3 E@i s7lel
oF AR Y B A= ROC(Recelver
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operating characteristic)?] AUC(Area Under
Cover)#t& o83l 74313t AUCE 0|83t 9

Table 3. Altitude and coordinates of P. pumila distribution
areas in South Korea

_ Latitude(N) Longitude(E) Altitude(m)
A 7|27 o] AL 712|311 ¢ o
°1 = ]E“’fﬂ] =84 °L“E‘ FAlat gleed 38°7°14.85°N | 128°27°38.54°E 1,586
OF5 & 0] A3 1} Q
cheet 29 et Hlao] gol o] gt AUC 387 1365°N | 128°2741.12°F 1,586
T2 A 0,58 7|50 & Kol o4 79109 38°713.14°N | 128°27°42.457E 1,593
ZFS YeR ] ddla o2 () 8olato|H 1 o =g 38°7°13.56°N | 128°27°43.50"E 1,597
o] o-s3hr}i FhergkHThuiller, 2003; Franklin, 38°713.14°N | 128°27°42457E 1,598
- - 38°711.73°N | 128°27°44.39"E 1,602
2009), & Ao A= 2L WAL S (5—folder
e B AT L 38°71197°N | 128°27°43.80"E 1,602
i el — O
crossvalidation)ste} Hehe S FAAA. =3 3TI269N | 1287274485°E 1,606
T AR A A 52 Maxent 23f d5H & 3T153N | 128927°4544°F 1616
E3Lof A LPT(Lowest Presence Threshold)& 41 38°7°10.77°N 128°27°47.09”E 1,623
A5kl LPT o|Arel 7)olS zhajzlol AAlx & A 38°7°9.97°N 128°27°47.46"E 1,628
319} (Pearson et al, 2007), FAYAAA] BEE 38°7°9.65"N 128°27°49.00"E 1,634
i 38°7°9.48"N 128°27°59.03"E 1,639
= X0 %EQEO LPT o|AF 2|8 A A Al % i
&l o f ] o i ];E A L’ 38°7°8.44"N 128°27°58 84"E 1,682
S O ylx A K &
LPT o3} 2|4 v A AR 5= binary B 38TB60N | 128°27°59.89°F 1,683
B 2 Al & (Recalss)sto] 28It 38°7°8.28"N 128°28°0.82"E 1,686
38°7°9.13"N 128°28°2.69"E 1,688
1. 2
< AAst= BusAoAM= TH o Exst= =
1 =XLRel 22 o vl 4Rl P Ei GEAA R BRIt
Kong(2006)°ll 28} H3tx] 99 wahhi i (Figure 2). AAZRAIE ) 3= E30}RLo| &
A9 2y, H|2E, WEAN W o4 A 3= 177 A -ooln 9= 38° 7 8'N~38" T
Ab, A, AHdE o A Bx YL 900~ 14°N, 7% 128 28 2°E~128 27 38'E, 1= 1,586m
2,540m% B30 Sh3 Qlr}, Wk A A ~1,688m ¥ flol FESIHICHTable 3). || 5t
92 dofala 3o o4t 52 A4 R B2 H9] 7|13 EAJLS AW 2.5~3.27T,
ghe Aol wEho 2 Fastgla, o B M 217]219.7~20.4C, HA7|& -16.7~-17.47C,
1700 34 206 -166 1670
. _
1680 4 —_ g 1665 —
5 827 £ 204 - ; -16.8 _
Il : 2 E 1660 -
1660 3 ® © %
E g 3.0 4 % 202 4 % -17.0 % ess{ [
%; 1640 E = £ L S
£ ] 5 5 2 8 1650
< 8 284 || £ 2004 || E 721 g
1620 = g E 3
g = b= S 1645 -
£ 3 2 5
1800 4 I < 264 E 19.8 e -17.4 4 —_ 1oa0 | ]
1580 24 . 19.6 ; 176 1635 :

Figure 3. Environmental attributes of P. pumila distribution area in South Korea
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A7 1,641~1,665mm=E YEFTHFigure 3).

2. Maxent 2&2

9l biol0(Mean Temperature of Warmest Quarter)
+ 27 11.2%, 6.1%% 57 = 1Tt bio04, bioll,
bioll, biol2, biol7& 7| =7} §l9th Maxent &
o] F2HQ] AZFof| 2J3F Permutation importance
L 157} 52.5%% 28 %7} 7FAF =9kl hio01&
37.4%, biol62 10.1%% =4 02 H bio04,
biol0, bioll, biol2, biol7 716J =7t Z4 =2 o

90

Uch(Figure 4, 5), AL A] 2| Hew Frl=
ROC2] AUC(5—folder cross—validation)E Z35}o
BABHGITH LA 5-cy AUCE 0,9780.2 B
39| Fe = g 45 A0 e

3. AMMAX| olE

A O] | 7] o gt A A4 o &2
IPCC 52t H7}H LA (ARD)2] H3#5 =% = RCPs
£ Maxente]l 2-83te] o|Z3}%lch RCPs Aluhe] &
£ 2ATIAAZE AAo] Ads] AdEE A<l
RCP 4.5, @A) FA| 2 24747} S == 794
RCP 8.58 48341 o5 W 9l= 20504 (2041
d~20604 )7} 20709 (20614 ~2080 )
o|ct,

ZFA A AR A7 0] 71220] E]= LPT(Low Presence

g
3 80 OPercent contribution ]
c
g = Permutation importance
2 70
£
s e
=
s
=
£ 50
=
o
o
. 40
c
2
=1 30
2
=)
s 20
o
g
8 10 .
[0}
= [
0 )

bio01 bio04 biol0 bioll

bio12 biol6 bio17 altitude

Figure 4. Contribution of environment variables in the estimation of the distribution of suitable habitat by Maxent model

Figure 5. Response curves for the variables related to presence of P. pumila. Red lines are mean values for the Maxent 5

runs and blue bars represent +1 standard deviation .
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Table 4. Area of the suitable habitat of P. pumila by
Maxent model applying the RCPs

RCPs 4.5 RCPs 8.5
current
2050 2070 2050 2070
7,345 7,341 5,695 7,188 3,535

Note: The area of suitable habitat’s unit is square kilometer

Threshold)i Maxent training 239l AL &

& z]9l o] MTSP(Maximum test sensitivity plus)
S 71202 o1l wAHSl &g MTSP Ha-2
0.4348% UePt}, wheba] Maxent o)A oS
b A0 R A A XS FE SHE 0,43480)%
19& A AR, 0,43480]8F 2|22 BIRFA| A 4]
I

o
-
A2 8}= binary map JEE FEES 2HJ5H3ITH

N

(Figure 6).
AR 715 A A AR ZAYA A A =
7,345km’2 9| ZE Q11 F2 g 1,400014 A

of ®3238}%th RCPs 4.55 #-8-3F 20509 <] &4
AAA = 7,341km’ = @A Eo} Skm” 74, 2070
9] ZA A A A = 5,695km’ 2 FAJH T} 1,650km”
=31tk RCPs 8.55 283t

WA Ao o 4

.

2050

: Unsuitable habitat

I suitable habitat

20509 o] A A A A= 7,188km’=E & A BT}
157km?* 744, 20709 9] HA] A A A= 3,535km?*=
AR} 3,810km” sk 2SR ASH I, v]
2 &} AU R A A ]% AR ALE=7} ot
A= Ao R =53, 7 ﬁzﬁ(} RCPs 45 &
th RCPs 8.57} B WSlth(Table 4). oli= &A1 A4
A Al Sl A AFHFE A9 “337]? B o] Al
719 =7 =9E 7]2(biol0: Mean Temperature
of Warmest Quarter)©] RCPs 4.5Xt} RCPs 8.5

7F B =947 "ot whepA =AU A A A=
7|2 Aol o) 4 E 4= ik
V.22
o= £ ZFA4H (only presence data)9H&
o83l F B =& T 4 9t Maxent ZEE
AREEaL 87H BH WE o] g-sto] FAf A A4 A

S A= BT B 9l ﬂ?‘& eqh u}o 3} 7H;]_
x o= Y= 38T
T 198° 98 2E~198° 27

2070

RCPs 4.5

RCPs 8.5

A

0 125 250 SOE
— —

Figure 6. Prediction of suitable habitat under climate change scenarios(RCPs) of P. pumila
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. SalA #%k 641~1 665mm§
%&ﬁq
3) = 32 71046}% b= AL
(Alutude)ﬂ 82.71%=2 EY¥pZ 7)o wr) 7}
% =9t

4) ZA A AR 9 1o FeEQl 5—cv AUCE
09780 % WO HE = uf 2 A 0F 1}
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