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Abstract: This study was designed to predict the changes in species richness of plants under the
climate change in South Korea. The target species were selected based on the Plants Adaptable to
Climate Change in the Korean Peninsula. Altogether, 89 species including 23 native plants, 30
northern plants, and 36 southern plants. We used the Species Distribution Model to predict the
potential habitat of individual species under the climate change. We applied ten single-model
algorithms and the pre-evaluation weighted ensemble method. And then, species richness was
derived from the results of individual species. Two representative concentration pathways (RCP
4.5 and RCP 8.5) were used to simulate the species richness of plants in 2050 and 2070. The current
species richness was predicted to be high in the national parks located in the Baekdudaegan
mountain range in Gangwon Province and islands of the South Sea. The future species richness was
predicted to be lower in the national park and the Baekdudaegan mountain range in Gangwon
Province and to be higher for southern coastal regions. The average value of the current species
richness showed that the national park area was higher than the whole area of South Korea.
However, predicted species richness were not the difference between the national park area and
the whole area of South Korea. The difference between current and future species richness of plants
could be the disappearance of a large number of native and northern plants from South Korea. The
additional reason could be the expansion of potential habitat of southern plants under climate
change. However, if species dispersal to a suitable habitat was not achieved, the species richness
will be reduced drastically. The results were different depending on whether species were dispersed
or not. This study will be useful for the conservation planning, establishment of the protected area,
restoration of biological species and strategies for adaptation of climate change.

Keywords : Climate Change, Ensemble Model, National Park, Species Distribution Model, Species

Richness
LAE 9014) o] AT A OlET} StoB S ATLA HjEEES
A4 ATABGEAAT B Gobal e HHE 24170 93]

= He o= 7 563

A 71518t Z3E 210w (IPCC 2014), of={3t 7]

Biodiversity Outlook 4)o|A+&= Q15712 2lst 3t
ZAut| el QIzke] Fro g WA E 7Sk e
thelAdoll ree 7hshal glom, BErdd Ede
913t k= ShA] okt -2 of A, A A
AR A Au] 2 AlRE QRO A2 AEE & 4 Q)
t}al 7 5kal QJek(Secretariat of the Convention
on Biological Diversity 2014). A5 7t 7| $¥3} &
94| (Intergovernmental Panel on Climate Change,
IPOC)S] A5% H7HE Aol Thw LAk At
gAo] Apds] A= ol 21417] Dol HA]
T A 227 AA(1986~2005E 7]1F)ELt 15T 9|
& e 7hs/dol wrkal Baskal QIThIPCC

Frighz Qs 20501 ofl= 15~37%2] Fol BFd
AO2 o3l QtH(Thomas et al. 2004), $-2]
A7F T3 AR o 4F0] B T - AlET
oAz A Jlem, ol AErheld o] A4
© A7} Q5 A&l 1ol E Ao|th(Secretariat
of the Convention on Biological Diversity 2014).
SAH o2 AErhd A A9k 7|5 st o
53t7] e A e E 2 (Convention on
Biological Diversity, CBD), 7]&®¥3}& 2F(United
Nations Framework Convention on Climate
Change, UNFCCC) 1221 AF2kabkA] & eF(United

Nations Convention to Combat Desertification,

Z
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UNCCD) 5-& E3to] §2a 4 9l ebe ohais
ek,

71 5rsto] ofgt AejA o a7t S7kske A%

4
2018), A=ttt e Ao Frsks Wiol=
ZZH 1 (Richness index; Margalef 1958), &}k
= (Biodiversity index; Pielou 1966), # 5 &=
(Evenness index; Pielou 1975), 3] H A (Rarity
index; Usher 1996) 52 WHo| t}, £33 %
(Species richness, SR)= % At 222 o A
Sdste AETY T4E Yrlste 2o, At
e Blek=l 7 ThER o s de AR
%11 QJch(Whittaker 1972; Kim et al, 2014), %
=5 A%t ohe A& AW Blalo] Fa5HA &
g5, FERES U3} ol Aol FF H
Ao) HetslaA A2l F37} E7) = gtk
(May 1988; Cornell 1999; Gotelli & Colwell 2001),
oje} Zro] FF RO AH = HAH Ak A
U A A2 v etk o e o S6tk=t
&89 4 QJtH(Guisan & Theurillat 2000; Algar
et al. 2009; Dubuis et al. 2011).

HA Meks pshet $9 2o 1 50l 2
o 0] F = AL wotoh= A2 25 HDubuis et
al. 2011), FF5= B7he ol2et A el &
of H &= AN, FF AR HEOoR W2 A9S
B7}517) o= SHA17} YebdtH(Dubuis et al, 2011).
ojglRl HAIE FES| oA FFHE A
e et A4 2E e S ARE 5 Sl
(Gioia & Pigott 2000; Parviainen et al, 2009). ©]
25k B W s AECloRA] siElul L3 YA 3t
A& olgfshet Eeg & 4 UthGiola & Pigott
2000; Nogues—Bravo et al, 2008), & £ XA}
AE7F REoIa Qe A9 FFHRES OS5k
W o g 2B W& (Species Distribution Model,
SDM)2 &3t Who] AR5 Itk (Guisan &

> o T
4> o

Thuiller 2005; Guisan & Rahbek 2011; Dubuis et
al, 2011; Kim et al, 2014).

}—EEE*Bg—g oLt A}; Bl 29| A4]of Z8t
Z7] 913t HA 07 AR EE B Lol
=2 5—’\]‘% S8 T AT 715, B AR
T 22 A H L] TS BA sl FollA
A gkt A A A & o =%kt (Schimper 1903;
Grinnell 1904; Franklin 2010) 0131751' ZH3
S Bg 2IHE o=

= 283t

T &3 o] Fof 11 75-"]‘5 @’30}% w0 AR E
3 9t} (Guisan & Thuiller 2005; Guisan &
Rahbek 2011; Dubuis et al, 2011; Kim et al,
2014), FAH R = AlE, FATSF, HE 287
9} 27 TFHEE TEELY S &85l 95
sk o}y 2} (Araujo et al, 2006; UrquizauHaas
et al, 2009; Duncan et al, 2012), A&Et}¥Ad 2] 5
g gEsto] HAA Y SRS skt
2-85}11(Ortega—Huerta & Peterson 2004), 7]%

szt wpet EE: 7o) Qe FES dSthe B
(Thomas et al. 2004)2] ¢17-7} 23] [Pl 9]
o}, SEAIRE S| 9] 79 o]eF T2 AETL o] o] F
o] AJA] Eet AAolrt, AAA| pEoll A BT, B
YA 2P A il A Gg o R TFRE 24

o] o]Fo] 1
2012; Shin et al, 2015), ‘&3t AA 29L&
IHFE ﬂwﬁi STETHEE B4t HETY
A 227198 3t Al 7F QHKim et al.
2014), s}* IHF SellA] 7| S s w2 FFRE
o] WzkE egh At | gek AAol)

2 Aol eRtE 7| SR
o7 e oo FFREE ule
A &3 Bzt skglet, Ak
71?—%@}011 fﬂﬂom H % A FoR 7%

(Jung et al. 2010; Kwon et al.
tjAro 2
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2 At oA E3hE AlQ)d HRtA 9
o= st |eke] A 100,266k = FHt=
o] oF 44 8%°) @l g % t}(National Geographic
Information Institute 2014), Y3t &L& =74 194
Lo A 1325 Abo], 59| 3304 391 Atofo] $IA]
&kl Qlek, A A (http://www.forest.go. kr/)2|
100t g4k A Hof w=H gttt 1947 3m, A| 24k
1915.4m 28] 31 AL A 1708, 1m 0.2 =2
Ao fasta gk, 71439 IR (571714
THHE)ol whEH -2uete] 7] 3= ol goll= |l
FoFAEE, Agolls wie- AxstHA =8 540 9l
Chhttp://www, weather go. kr/). 1981 o] A 2010
W7kA 9] HdghS 7102, A Bt/ 10~15T
o|iL, 7} Frle- 8U2 23~26C, M & 192>
-6~3T9 HHE Zeth 4 A5 1000~1900
mm?| W ejefl A Aoy zpol7} vrebdth(http://
www, weather, go kr/), A 2= 9%, Ak, A
214 9)A, 35, obAlot Ee, 5 B TPl 7|
ol et 7157t Tt 2A Yebd ok (National
Geographic Information Institute 2016).

Sejufee]] AL Qle A OF 109 Fo7 7
slaL glom 11 Fof A TEAES 9F 4,3005F7t A
A= 70 2 el 9lth(Ministry of Environment
2012). AETAE AEFY RES 7122 5o A

MEEH, i, Falleh AFs, §5%)9 oft&
E3tth(Lee & Yim 2002; National Geographic
Information Institute 2016), HeH¥l=t =7FR] =5
Iof W2 5 oftoll= efrie], sHuR 5o

1,0009] 57+, g obtolls =4u, 8]0 &
91,3009 &5, AlFE okl w4, dEe
59 2,000 25 1Eal &5 %= oftolle 24
9z, 2ERUZ £9] 2,0000] BFwo] A8t}
(National Geographic Information Institute
2016).

A =3 LN

Figure 1. Showing survey point of plants adaptable to
climate change in the Korean Peninsula
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e g 7|3 2uste] tig-shr] fijh S-AdekE A
24 EAME, @A E 2 SN ES 4
100%, ¥ 300%< A7 3t% ot (Korea National
Arboretum 2010). 2 A1E 4=3s}7] 2lal 300%
o REIARE PHE B&HAE EEE (Korea
National Arboretum 2004; 2005, 2006, 2007,
2008; 2009; 2010b; 2010c; 2011) H11AE &85}
of 55kl 30059 A& FollAl, 103] w3
2(10—fold cross—validation)o] ZgFet & 2| o]
1078 A3 o]l A& 89F(EAME 23%, 7
AE 30%, EHAAE 363)S LR St
(Table 1), 103] WAHFLE FRERF Y| 51} &
FE 545t 2 AHE-E I QlthElith et al,

2011; Mateo—Tomas et al. 2012).
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H3hof et AETE & 9 A (Intergovernmental
Panel on Climate Change, IPCC) 52} 7} 114
9] o 3% =7 2 (Representative Concentration
Pathways, RCP) Alvjg] 2o met AAH BE7]S

Table 1. The list of species used for species richness modeling

Category Scientific-Korean name %ﬁ TSS Value g};ﬁg Prlf(s)?r?tce

Anemone koraiensis Nakai 208 u}2H2: 0.986 0.921 0.100 19

Clematis fusca var. coreana (H.Lev. & Vaniot) Nakai 7 U 0.991 0.947 0.123 11

Clematis trichotoma Nakai Shv| L™} 0.956 0.801 0.251 86

Hepatica insularis Nakai AY| 7] .= 0.943 0.724 0.117 33

Berberis koreana Palib. T ApL}-5- 0.988 0.97 0.247 11

Asarum maculatum Nakai 7| &= 2] & 0.975 0.874 0.160 30

Asarum versicolor (K.Yamaki) B.U.Oh -5 & = 2| & 0.969 0.816 0.134 32

Corydalis maculata B.U.Oh & Y.S.Kim % & 5 A 0.973 0.818 0.191 2

Arabis takesimana Nakai A4t 0.973 0.901 0.034 17

Saxifraga octopetala Nakai 7-A1H}9] 5] 0.985 0.93 0.106 12

Indigofem koreana Ohwi Z3H| 42 0.982 0.925 0.156 15

Native Plant |  Vicia chosenensis Ohwi ‘=223 0.967 0.834 0.159 53
Vicia hirticalycina Nakai U2 2H+ 0.947 0.778 0.279 19

Dystaenia takesimana (Nakai) Kitag. 415}T] 0.979 0.926 0.154 10

Lysimachia coreana Nakai 3542 0.965 0.822 0.104 19

Ligustrum foliosum Nakai 4 |55 0.983 0.927 0.116 12

Salvia chanryoenica Nakai 2ol 2} = 7] 0.944 0.732 0.134 24

Scrophularia koraiensis Nakai =814} 0.921 0.738 0.081 13

Veronica insularis Nakai /] 12| 2 0.973 0.922 0.207 12

Lonicera subsessilis Rehder 7 1] &5 0.944 0.775 0.109 43

Campanula takesimana Nakai 4 222 0.983 0.94 0.142 10

Cirsium setidens (Dunn) Nakai 1.2 %} 7 7 0.958 0.784 0.225 105

Poa takeshimana Honda /4 3012 0.979 0.935 0.160 11

Northern | Equisetum hyemale L. A 0.991 0.931 0.227 22
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Table 1. Continue

Category Scientific-Korean name éallju(é TSS Value (\",l;;ﬁg‘ Prg(s)?r?tce
Abies nephrolepis (Trautv.) Maxim. -8 U5 0.976 0.862 0.067 12
Anemone reflexa Steph. & Willd. 3] 2]v}Zh2t 0.975 0.853 0.134 51
Clematis serratifolia Rehder 7| ¥ 5-2] 0.94 0.749 0.214 10
Eranthis stellata Maxim. U v} 212 0.969 0.854 0.134 38
Aristolochia manshuriensis Kom. 5% 0.991 0.965 0.177 21
Cardamine komarovi Nakai =7 o] Jo] 0.99 0.94 0.115 36
Mukdenia rossii (Oliv.) Koidz. 553 0.97 0.853 0.098 38
Rodgersia podophylla A.Gray = 7§85 0.983 0.905 0.277 52
Malus baccata Borkh. oF3g U5 0.932 0.757 0.129 67
Potentilla centigrana Maxim, 7| 0.978 0.859 0.148 25
Spiraea salicifolia L. 11 2] ZH U5 0.941 0.743 0.128 55
Spiraea trichocarpa Nakai 77| 235U 5 0.933 0.729 0.203 19
Waldsteinia ternata (Stephan) Fritsch L} 1= 9F 2] 2% 0.991 0.965 0.103 10
Acer mandshuricum Maxim, -2} 5 0.986 0.923 0.095 18

N(l))ﬁhnetm Acer tegmentosum Maxim. AFA U 0.99 0.945 0.081 14
Acer triflorum Kom. £-2}7| 0.963 0.838 0.194 21
Acer ukurunduense Trautv. & C.A Mey. F-A|Z L5+ 0.993 0.979 0.177 10
Viola diamantiaca Nakai w73 A 8] 2L 0.966 0.851 0.108 25
Sanicula rubriflora F. Schmidt ex Maxim. 32241 0.991 0.936 0.129 10
Rhododendron micranthum Turcz. 12| 2= 0.982 0.861 0.175 17
Gentians triflora var. japonica (Kusn.) H.Hara Y3 0.976 0.894 0.099 31
Brachybotrys paridiformis Maxim, ex D.Oliver @7 2] 2| 0.982 0.914 0.147 37
Lonicera chrysantha Turcz. Z}A] 2] S5 0.982 0.877 0.152 13
Artemisia rubripes Nakai 354 0.974 0.877 0.106 22
Carpesium macrocephalum Franch. & Sav. ]-9-9.% 0.945 0.794 0.084 12
Cirsium pendulum Fisch. ex DC. 2% 7 F 0.955 0.834 0.196 35
Lloydia triflora (Ledeb.) Baker U= 7§22 0.983 0.89 0.171 30
Iris odaesanensis YN Lee =251 522 0.98 0.921 0.148 17
Scopolia japonica Maxim. 1] X]33-0] & 0.957 0.81 0.167 41
Dicranopteris pedata (Houtt.) Nakaike 223142 0.97 0.864 0.123 19
Pteris multifida Poir. 5-2] 712] 0.974 0.873 0.132 32
Castanopsis cuspidata (Thunb.) Schottky & LA 0.975 0.89 0.133 14
Castanopsis sieboldii (Makino) Hatus. - AL 0.981 0.91 0.121 13
Quercus acuta Thunb. 57 A U5 0.982 0.92 0.122 12
Ficus erecta Thunb. A1 b 0.977 0.901 0.177 39

Southern Boehmeria pannosa Nakai & Satake T A| & 0.991 0.948 0.154 23

Plant Cinnamomum japonicum Siebold ex Nees A gL 0.984 0.898 0.112 16
Litsea japonica (Thunb.) Juss. 7} 7| ZL -5 0.991 0.93 0.065 26
Neolitsea sericea (Blume) Koidz. 22 U5 0.966 0.829 0.154 37
Chloranthus fortunei (A.Gray) Solms <-4 2t} 0.966 0.853 0.171 25
Eurya emarginata (Thunb.) Makino -$-S-AFA 9] 1] 0.989 0.929 0.318 21
Corydalis incisa (Thunb.) Pers. AF5E 1] &MY 0.953 0.791 0.142 37
Pittosporum tobira (Thunb.) W.T.Aiton =L} 0.966 0.844 0.157 32
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Table 1. Continue

Category Scientific-Korean name {l‘/‘;ljlfé TSS Value (\:,2;31: Pr;(s)?rrlltce

Raphiolepis indica var. umbellata (Thunb.) Ohashi T} S5+ 0.982 0.896 0.110 19

Dunbaria villosa (Thunb.) Makino ¢]-9-32 0.944 0.756 0.124 29

Mallotus japonicus (Thunb.) Muell. Arg. of| &L 0.963 0.835 0.184 78
Zanthoxylum ailanthoides Siebold & Zucc. U5 0.986 0.887 0.186 15

Rhus succedanea L. 7] 9%F2 5 0.982 0.962 0.218 10

Rhus sylvestris Siebold & Zucc. A 2T 0.928 0.744 0.210 36

Meliosma myriantha Siebold & Zuce. U=RIU- 0.948 0.817 0.200 39

Ilex crenata Thunb. 25 0.978 0.894 0.118 13

Euonymus chibai Makino 44 3|\ 5- 0.995 0.981 0.279 37

Sageretia theezans (L.) Brongn, A} 5L 0.984 0.905 0.201 20

Southern Elaeagnus glabra Thunb. X 2] 3 -5 0.974 0.865 0.169 25
Plant Dendropanax morbiferum H.Lev. 325 0.986 0.915 0.123 13
Ardisia crenata Sims W&+ 0.987 0.958 0.120 15

Ligustrum japonicum Thunb. 3gU-5- 0.961 0.803 0.148 48

Argusia sibirica (L.) Dandy 22} 2| %] 0.981 0.88 0.237 10

Callicarpa mollis Siebold & Zucc. AJH| -5+ 0.961 0.791 0.232 28

Verbena officinalis L. 1}3H % 0.952 0.788 0.160 31

Salvia japonica Thunb. FLu 2} =7] 0.97 0.874 0.179 24
]ijrigzznoig])gtgszmum var. awabuki (K.Koch) Zabel ex 0977 0876 0213 2
Wahlenbergia marginata (Thunb.) A.DC. o} 7] =2} 0.983 0.919 0.130 11

Ainsliaea apiculata Sch.Bip. 253 0.967 0.846 0.137 20
Polygonatum cryptanthum H.Lev. & Vaniot &-3-8-5d 0.975 0.871 0.085 18

2 H4>(Bioclimatic Variables, Bioclim)S AFH&-5}
AtHAppendix 1), [PCCY] 7]3H3} Ay 2= 1
2} H7FE Ao A SA90(Scientific Assessment
1990), 22} H7}E Ao A IS92(IPCC Scenarios
1992), 3,42} B7FH 314 o] A SRES(Special Report
on Emissions Scenarios)E AJA|5}0n 2] Lol=
RCP Alue] @5 A &Hstgiet, o] 2] SRES Al
QoA AYH 7]EH3L 2Rl oojrE
(Aerosol) 7} A7k 0] ko] wp2 A ke
5kl QIthH RCP Alvhe] 2= QI Esof o3t &
z|o]e¥slztA] 1t Qlrk(Korea Meteological
Administration 2011; Park & Choi 2014), 3t
SRES Alutg] 27} 1990t 71A] o] 24744 5 wnt
& ARSI RCP Alue] 2= 2005\ 744 €] &
AN FEE WGt AU 29 4AE4dE =9
th(Korea Meteorological Administration 2011), =

Aol A= RCP Alye] 2.9] 4714 2A7FA %
(2.6, 4.5, 6.0, 8.5) oA 4.5(247kA A7+ &
o] sl Ad == )2 8.5(2A kA0 A3
ol AA FAE MiEE= A E st
Bioclim ¥4= A&, & Le|al A 232
TollA 2 ARGEDL QLo 159 HEF A5t
g ZQ35ttt dHA ch(Araujo et al, 2005;
Attorre et al, 2007), Bioclim W= B} AESHA
o2 o] 9l WE THEY] YallA €7 =(3
. A} B oA A, B Qre
Pearson’s r correlation &4 & 3] A 197 9
Bioclim W45 FollA Aol w2 ) 0.7) Hs
£ A gt AP ALE Fharste] ©4=E Agsilct
(Koo et al, 2015; Park et al, 2016; Koo et al, 2017;
Park et al, 2017; Koo et al, 2018; Shin et al.
2018). A8 dA+tet FYsHA Bioclim H4E e

)

fr re
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Table 2. Bioclimatic variables used for Species Distribution Models of 89 each species (Shin et al. 2018)

Bioclimatic variable Description
Biol Annual mean temperature
Bio2 Mean diurnal range (mean of monthly (max temp -min temp))
Bio3 Isothermality (Bio2/Bio7) (* 100)
Biol2 Annual precipitation
Biol3 Precipitation of wettest month
Biol4 Precipitation of driest month

% Bio7 indicate temperature annual range (max temperature of warmest month - min temperature of coldest month)

E}(Table 9). n|d 7132 E2E= A
219 (Global Climate Model, GCM)?l 9=t 7147 0]
et HadGEM2-A0E F3f 2% 20504 3}
20709 225 283ttt @A} o] Bioclim™
== WorldClim(http://www. worldclim, org/)ol|A] A
714 AA1EF 307(30 arc—seconds, ¢F 1km)
AR7E AMESFEtHHijmans et al, 2005).

N

Fohe

2 FLERYL B FFHE A5

2 oA et ]9-"%% fgos FFREE
0‘1]*0}7 1 13l 74 Z B33 (Species Distribution
Model, SDM)& é}g’it}. ox 7+ 2o HRE

THARYS %”%ﬂ@] SHHOR &3t o] %o,
ol ilste] FFHEE oS5 thGuisan &
Thuiller 2005; Guisan & Rahbek 2011; Dubuis et
al, 2011; Kim et al, 2014), £EZEH 2 £0] 9]
Aol PR Aolo] B 4S HAjatol, ol A
Alstz)of At eds EA5h7] 9fsf &8Enh
(Schimper 1903; Grinell 1904; Franklin 2010). 3]
HEAT} Zro] thofst HIHHS 2RI & o) AL
of A o2 AT 4 e, HTole 9d W
oA e= ESHAS Asl] flsto], ofe B
(&12]&, Algorithm)2 gHilel= AR o]
€537 Q) (Thuiller et al. 2009; Kwon 2014;
Shin et al, 2018), & Ao A= ETAAS 50]
7] SlaA SRR EE Aesdr, 107] £

3 o112 2 (Generalized Linear Model(GLM),
Genralized Boosted Model(GBM), Generalized

Additive  Model(GAM),
Model(CTA), Artificial neural network(ANN),
Surface Range Envelop(SRE), Flexible Discriminant
Analysis(FDA), Fandom Forest(RF), Multivariable
Adaptive Regression Splines(MARS), MaxEnt) Al

Z=Z(True Skill Statistics value > 0.7) A2 4
e B85t 7HeA 2 ek PAERT A
o7 A FO HAE ST of7]oA ARE
7} TSS(True Skill Statistics value) AZ3<
AR5 tH(Allouche et al, 2006; Koo et al, 2017;
Shin et al, 2018).

W FY| R AAT 5 Sl e
e, b FEREE Ak ¢ S}W
AEFEAY, 17T v A A A

o] dasitt, o]F flsf 2t A
T HAAA Y o &5, Sensitivity) T} E©
A AR o &8, Specificity)9] gho] 7}

7122 AAA G} Bl A A GO 7 ALES)
(Liu et al. 2005; Kim et al. 2014; Shin et al.
2018), 13A 28 7t i F9 13} 0k 4t
slo] Z2EHTE o =359 tH(Dubuis et al, 2011;
Kim et al, 2014; Equation (1)). &5 %= , SRS
AT A o] E%E AR QtoflA] Fash= i F
SiE gitsto] Agstelnt,

Classification  Tree

L % »
o > 2
2>

!

oflt
= o
R

o

o2l
o H
R B

o

SR=Y. (1)
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ou Ecpyel £3 AR dEHt 3T
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) 29 4%

2
oY,
oll)l

A5 $

T2 9 oH AUC(Area Under the Curve) 3t
TSS(True Skill Statistic) 42 =455 cHAllouche
et al. 2006; Pearson 2007). AUC %F& ROC
(Reoelver Operating Characteristic) =41 (Curve)
ol €< 4= Stk ROC A2 v S 37}
0}7] o] A= b o 2 wizhe 719} Eo|k 71 &
3l TEEolXITh, AUC 3k & AR (A 4] 29} H]
AAA] A& v )l FEFS WA= FA|TE Fo] 2

9ol whet G A=tk EEA thLobo et

al, 2008; Park et al. 2016). wehA FEIELLE ]
AZgholl A F2 2o0l= AUC 3 015 Hes}7] 9
S| A TSS 7+ 3 24319t TSS g2 £o] 5
E9lo] I WA goTA AUC el FHE 7
A 283 Qe AR =7 =2 Aol oh(Allouche
et al. 2006).
I Z¥ 9 v
1. 8 ZBRZ oE H 2E EHF
A oA gt 7] S} A5 HiAAlE 89

T& WA R N FRERYS TF3L, o5
§oto] FEFEE Skt 89F9 N F&
iEBé—J ol& Aot 2F FAEZLY] AUC
I} TSS gh& S48t AUCE 3
(0,921~0,995 ¥ 9])S TSSE= FHat 0,868 %}:(0,724
~0.981 M9 o2 =& 329 o5 A2
WeHTable 1; Figure 2). A3 U (Euonymus chibai

l

Figure 2. Box plots for assessments of Ensemble Models

(Area Under the Curve(AUC), True Skill
Statistic(TSS))

Makino)®| FEZRF o] 7H && A5 A=
(AUC 2k, 0.995; TSS 41, 0.981)5 2 ojF=eich AUC
I 71202 E8AK(Scrophularia koraiensis Nakai)
0] 0,921 S, TSS 3t 71& 2. & A7) =3 (Hepatica
insularis Nakai)7} 0,724 3t 2 714 @3 o= 4
e g HAFQHTable 1), TFFE T4HS $J3t
1R (M AR 3} v A A Ao ALE-S 915 )2 TN
H Fupot oh=A| vehdt), ZF F9 o S gof A 1l
A=t o= 9| go] X7}t == Fh(Table 19]

Cutoff value) 7|F2.2 AA7Ms o715 3}

ot
r jus
H1
~N
o
I
ot
2

© HdE 89F = didoR
e Rt 99 5 Figure 33t 2o, AAE
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Figure 3. Potential species richness map under current
climate conditions. (The red line on the map is
mountain area in the national park)
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Byt I ady) Sk AAHA Y FERE ¥
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7k 13.397= Mt A A BF-4k0l 6. 4775 ¥
5] =& 78 B th(Figure 4, Figure 5, Table 3).
AR Eqda ol BH5 2LHCL

OIH r:Ll ol T ofN

s
o I I

S. Korea Nanonal S. Korea Nanonal S.Korea National S.Korea National S.Korea National
Park Park Park

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5
Current 2050 vear 2070 year
m Native m Northern Southern

Figure 4. Average value of potential species richness
under current and future climate conditions in
South Korea and inside the national park.
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Figure 5. Average value of potential species richness
without dispersal under current and future
climate conditions in South Korea and inside the
national park.
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Table 3. Average value of potential species richness in South Korea and inside the national park.

2050 year 2070 year
Plant Current
RCP4.5 RCP8.5 RCP4.5 RCP8.5
character-
istics South | National | South | National | South | National | South | National | South | National
Korea Park Korea Park Korea Park Korea Park Korea Park
Native 1.837 466 1.389 2.083 1.336 1.929 1.331 2.051 1.448 2.181
Plant ’ ' (75.61%) | (44.7%) | (72.73%) | (41.39%) | (72.46%) | (44.01%) | (78.82%) | (46.8%)
Northern 2876 3017 0.564 0.658 0.404 0.495 0.371 0.507 0.65 0.582
Plant ’ ' (19.61%) | (8:21%) | (14.05%) | (6.17%) | (12.9%) | (6.32%) | (22.6%) | (7.26%)
Southern 1763 07 12418 13.089 12.637 13.043 14.32 13.891 15.147 14.574
Plant ' ' (704.37%) | (1817.9%) | (716.79%) | (1811.5%) | (812.25%) | (1929.3%) | (859.16%) | (2024.1%)
Total 6477 13.397 14.418 15.83 14377 15.467 16.022 16.428 17.245 17.338
Plant ' ’ (222.6%) | (118.16%) | (221.97%) | (115.45%) | (247.37%) | (122.62%) | (266.25%) | (129.42%)
(%) Percentage compared to current
LA A E(E g, 2.876), SAMA=(Btgh, 1.837) HEE o, 7]Eo] AEvtd SrAgoldd =
Al FAAE(EE g, 1.763) o2 7|95 5t Ha-go] me 7] 5Hstof A drkAQl A H9E
Ach(Figure 4, Table 3). o ApEAgo] Arebd 4 QleRal LR, Fol At
& AR 20 0|7} 15 ol RoiA|X] eoke A
=x- s = - - -
2. Hleh SEF5= et o= ot Wi WA A3t FYFY BT FERE B
7| S W8S Rl ke 7]} A5 oA ol w4 sHA Zaxstgith(Figure 5, Table 4),
B FEREL Y FO QABEY AT BE AR B4R Heojx B4 vy FFREO
SHiet. 7N 9 oA RCP 4.59 8.5 ALt 3= Figure 83} o] Uehth, SAMES tiY
°F iAo R 2050193 20709 A71E ol &3+ o2 3t Afole wHTd Al e wFit A
o} 89%9) vlg) FERELE Figure 7o o] ek 5] FERE/L FA3| Robgih, o} £ R
gk, 71E0 FEHETE WA e E AGE0l w =(0~15 WH)E UERE AHE B3 wol AlhA|
ofz| WA 20509 Er} 20709 0.2 ZE HA F A, 3F ofste] FEN A UEhu= AdE0l 5
FRw o] wobirhFigure 4, Table 3, A olyeh et AAY BAAE Fo| FFREL uld
FYTUNAOR FEVE YR AT 2 24 vhh WobAk A4S HAAW 2 Aol
B et AAA G} FABSH w2 2R HolA|= et sHAIT s FHoM &2 T
BEoh fobgith, S AA) /1EOR FEREL  S(FRE, 4.60F HAY SAABLS njgz 24
= Aot oAt T an Al S5 A = Autolstz "ofA|n Yopx|= A HAH
S A MRt A A5 258 S5 et (Figure 4, Table 3). H4AAES o= 3 &
otk AlZ|ER S EdT '@l AAIA S v S R v = Zs SobAlth e HAIA S
w3l B 205090l 20709 7HA] Alute] 2.of] A3 I 5L FEHE Fatglo] K 543] "o
glol FATAN Y FFRE Fagol B Uet Ak R 242 FERE o] Wolxk ol
W 7|5 Hske] A e S EHY FEREE = B2 Y FUASE0] A A AHA]7]
L7 Uepde), SAEE 1 27MES Wk AR R elo]  mEel A0 melth AR} B4 Bals
H43] S7Fske] RCP8.5 Alute] 28] 2070499 7 S 2 A A2 S EE AAA o)A
=T ER] 2pol7h A9 gl Aoz YERT. A solulth. Halidt =AY} AT S 2
St 71395} A3 A E 8955 7Ieem FAYIAN 52 FEFE ¢S Hold g A=
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Figure 6. Potential species richness map by three kinds of plant characteristics under current climate conditions. (The red
line on the map is mountain area in the national park)

Table 4. Average value of potential species richness without dispersal in South Korea and inside the national park.

2050 year 2070 year
Plant Current
RCP4.5 RCP8.5 RCP4.5 RCP 8.5
character-
istics South | National | South | National | South | National | South | National | South | National
Korea Park Korea Park Korea Park Korea Park Korea Park
Native 1.837 466 0.12 0.319 0.049 0.167 0.08 0.175 0.057 0.207
Plant ‘ ’ (6.53%) | (6.85%) | (2.67%) | (3.58%) | (4.35%) | (3.76%) | (3.1%) | (4.44%)
Northern 2876 2017 0.484 0.481 0.354 0.362 0.339 0271 0.436 0.344
Plant ' ' (16.83%) | (6%) | (12.31%) | (4.52%) | (11.79%) | (3.38%) | (15.16%) | (4.29%)
Southern 1763 07 1.416 0.658 1.286 0.618 1.37 0.65 1.341 0.638
Plant ’ ' (80.32%) | (91.39%) | (72.94%) | (85.83%) | (77.71%) | (90.28%) | (76.06%) | (88.61%)
Total 6477 13.397 2.02 1.458 1.689 1.147 1.789 1.088 1.835 1.189
Plant ‘ ’ (31.19%) | (10.88%) | (26.08%) | (8.56%) | (27.62%) | (8.12%) | (28.33%) | (8.88%)

(%) Percentage compared to current

2 v R 445 Faote] WEA A AFE i
w2 2ol FFHETL mobslth EAMETL &
PANES] FFHE gro] okl Ao vlsf di
ALEL] FFHE Flo] Bt v wobltt, o] 2l
o AN ES FEA A FYT Y] TR
Hatgho] @A Kot Eolx| =& 24 7]ojstgit,
7153l 23 A E 89S Tt & ne &
R s wolsii Ant 22 At AAX R o]
F7F A glo] 7Hs sttt W 4=0] BAMIET} &
YA B AR L A A o] 1 e AHA]
SHHA] debx| o] Al o] =3RS AL A0 R o
AFETt, AR A= AT *1*‘Zli °1nz—7} %7%—
st 2EREL FAG A 7
Ach(Figure 5, Tabled). %*} AlEY -5%‘%*74]*—1%%
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Figure 7. Potential species richness map considering future climate conditions (The red line on the map is mountain area

in the national park)

HERY B3 AU AL Q7] wfEolrh, SRR
OJRh 7)1} of| S 7| AR, 1 o] Wit uf 7l
H4=(prameter) 5ol &JaiAl 21 A7t AAL A4A
o] = (over—or under—estimation)% 7] = 3Ft}
(Sinclair et al, 2010; Koo et al, 2017), EEZ 23
& W H ST AEE o Sohe AR theft
O FTAE(AA, Hol, &&-A3, &4k A
)& LA Fohs 2y AA 2 A E3E A
1 9t} (Barry & Elith 2006; Franklin 2010;
Wenger et al, 2013; Shin et al, 2018). 1 &]o| &=
Lo AMEE = £ 2AF AR Y] 37 WA,
Sk A7HA KA WS AR, 373 5) E
S Hred 5]7] o] Hrh(Sinclair et al, 2010). 1] 1L AF
S5 713 AR s dEs iR lkm o)4
l ALz F9 XA F wgsr] o= ofHe

XN O Z O

Eloojd o rl

o Mo

o] 9ltk(Sinclair et al. 2010). £2] A Al x]o|| kL

t| 2= IS 3R 7 Qitkal stejetE 7)o
Fof| =S A o2 thxAd-E 7FA 7ok
[l ] of tfgt B3N = ZA)stcH(Williams et

al, 2003; Sinclair et al, 2010).
THERYLZ o]t tﬂﬁﬂg Zka Qo= B+
ShaL e A 2ofoll A &84 7ol At FEE
3

ol

nEE e AnE ”19%}’5}‘?3/\1 HasHA 715
Hoto] ofgt HeEAY AFS A AISHHA
(Pearson & Dawson 2003; Thuiller et al, 2004;
2004, McClean et al, 2005;
Pearson et al, 2006), H] 1}8} Hofoj A AJefst]
o2 AEThdY HAY kY F
(Sinclair et al, 2010), T3t ZEEZ o ME 2)7]
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: V.4 &
A= 2 HAMes st B8] 2 & ’
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Appendix 1. Bioclimatic variables(www.worldclim.org)

Bioclimatic variable Description
Biol Annual mean temperature
Bio2 Mean diurnal range (mean of monthly (max temp -min temp))
Bio3 Isothermality (Bio2/Bio7) (*100)
Bio4 Temperature Seasonality (standard deviation *100)
Bio5 Max Temperature of Warmest Month
Bio6 Min Temperature of Coldest Month
Bio7 Temperature Annual Range (BIO5-BIO6)
Bio8 Mean Temperature of Wettest Quarter
Bio9 Mean Temperature of Driest Quarter
Biol0 Mean Temperature of Warmest Quarter
Bioll Mean Temperature of Coldest Quarter
Biol2 Annual Precipitation
Biol3 Precipitation of Wettest Month
Biol4 Precipitation of Driest Month
Biol5 Precipitation Seasonality (Coefficient of Variation)
Biol6 Precipitation of Wettest Quarter
Biol7 Precipitation of Driest Quarter
Biol8 Precipitation of Warmest Quarter
Biol9 Precipitation of Coldest Quarter




