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Abstract : The object of this study was the climate change sensitivity assessment of Korean Fir and
Khinghan Fir as a representative subalpine plant in South Korea. Using species distribution models,
we predicted the probability of current and future species distribution. According to this study,
potential distribution that have been predicted based on the threshold (MTSS) is, Khinghan Fir was
higher loss rate than Korean Fir. And in the climate change sensitivity assessment using the scalar
sensitivity weight (W), W, of Korean Fir was higher relatively than the sensitivity of Khinghan Fir.
When using the species distribution models as shown in this study may vary depending on the
probability of presence data and spatial variables. Therefore should be prior decision studies on the
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ecological environment of the study species. Based on this study, if it is domestic applicable climate

change sensitivity assessment method is developed. it would be important decision-making to

climate change and biological diversity of adaptation policy.

Keywords : I[UCN red list, Korea endemic plant, Species Distribution Models, Maxent, Climate-

sensitive Biologocal Indicator Species
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Figure 1. Location of the study region(in gray) and distribution mountain of A. koreana and A. nephrolepis in South Korea
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Table 1. Pearson’s correlation r matrix of bioclim. All correlations were significant (p < 0.05). Bold: strongly correlating

(In>0.75) layers

bioclim| 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 -0.39 [-0.07 [-0.55 | 0.86 | 0.90 |-0.52 | 0.92 | 0.90 | 0.91 | 0.95 |-0.30 | -0.55 |-0.13 |-0.41 |-0.51 | 0.01 {-0.52 | 0.02
2 0.77 | 0.70 | 0.04 |-0.66 | 0.83 |-0.12 |-0.57 | -0.11 |-0.56 |-0.16 | 0.38 |-0.51 | 0.61 | 0.22 |-0.59 | 0.32 |-0.60
3 0.10 | 0.10 {-0.19 | 0.30 | 0.02 | -0.10 | -0.03 |{-0.09 |-0.13 |-0.10 | -0.28 | 0.05 |-0.05 |-0.22 | 0.01 |-0.22
4 -0.06 [-0.83 | 0.97 |-0.21 [-0.80 |-0.17 |-0.79 | -0.11 | 0.72 |-0.46 | 0.91 | 0.42 |-0.68 | 0.50 |-0.68
5 0.57 1-0.02 | 0.98 | 0.59 | 0.98 | 0.66 |-0.43 |-0.26 |-0.43 | 0.03 [-0.38 | -0.39 |-0.33 |-0.38
6 -0.84 | 0.69 | 096 | 0.66| 0.99 |-0.13 |-0.69 | 0.21 |-0.71 |-0.53 | 0.38 |-0.58 | 0.39
7 -0.19 [-0.78 | -0.15 | -0.76 | -0.13 | 0.67 |-0.54 | 0.89 | 0.39 |-0.72 | 0.48 |-0.73
8 0.70 | 0.99 | 0.77 |-042 |-0.36 [-0.33 | -0.11 |-0.44 [-0.27 |-0.41 |-0.26
9 0.68 | 097 |-0.05|-0.62 | 0.12 [-0.64 |-0.43 | 0.32 {-0.48 | 0.34
10 0.74 1-0.40 {-0.30 | -0.36 [-0.05 [-0.40 | -0.30 |-0.37 |-0.29
11 -0.18 [-0.68 | 0.10 |-0.66 |-0.54 | 0.28 |-0.58 | 0.29
12 053] 035] 0.04 | 0.83| 044 | 0.76 | 0.44
13 -0.24 1 0.83 | 0.89 [-0.33 | 0.91 |-0.33
14 -0.63 {-0.03 | 0.94 {-0.09 | 0.93
15 0.58 |-0.76 | 0.64 |-0.76
16 -0.05 | 0.98 | -0.05
17 -0.13 | 1.00
18 -0.13
Dormann, 2007; Pearson et al., 2007; Veloz, 2009; HRAE = Qlth(Watling et al., 2012; Guo et al.,
McCormack et al., 2010; Warren and Seifert, 2013; Khanum et al., 2013). watA] 197} bioclim
2011; Naimi et al, 2011), S5 $A]A 72| A|A= O] AR AL AASEe] Z3aE AFA|( | | )0.75)
ArcGIS9] toolboxZ 7J'#¥ SDM Toolbox v1.1, = YR biocimE A5k AFHo] Lo 674
Spatially Rarefy Occurrence Data for SDMs= A} 9] bioclim& B2 A5+ tHTable 1),

L3519 ch(Brown, 2014),

=9y,
247} 9le o] F ABEEY
7] %-o]th(Rathcke and Lacey,
1985; Chuine and Beaubien, 2001; Walther et
al., 2002; Thuiller et al., 2004; Parmesan, 2006;
Chuine, 2010; Watling et al., 2012). 7|3 A&
Of AAA R0l FaT gaxoln & dFo A= A
E7|155 A3k Worldelim®) bioclim®| 2H&5
o] &35l tH(Hijmans et al., 2005). Worldclim- A3
2o] 443} TeiE 19709) ARS AFS, Tef}
19719 bioclimS thE2A A (Multicollinearity)©]

Boke 45 Ajal7|uto] Hi 948 227
Zo| Ak Qolo g2 A&3sttH(Woodward, 1987;
Hodkinson and Thompson, 1997; Bochet et al.,
1999; Jobbagy and Jackson, 2001; Cousins and
Lindborg, 2004). & A olAe = HEdT3HA9]
HUEYES AMgsloH, AUEYE 5 REQ}
2OF AEE ARSI NP4 8ae ke, AL,
& AME5EaL Akt 3R DEM(Digital Elevation
Model)& ©]-8-3te] #4154 tHTable 2), 24 #4
7 s 100m?o|m, uhd g4 o) Wt 3t
AT HE 58 ESRIALY] ArcGIS(ver 10.1)& A}
i

_'__
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Table 2. Environmental predictors included in MaxEnt modeling for the study species, A. Koreana and A. nephrolepis

Variable Code

discription

DEM Continuous values of the elevation in South Korea

Topography Slope

Continuous values of the slope. Derived from the DEM

Aspect Continuous values of the aspect. Derived from the DEM

Soil Top soil Source of digital detailed soil map of the NAAS(National Academy of Agriculture Science of South
Parentrock | Korea).
bio01 Annual Mean Temperature
bio02 Mean Diurnal Range (Mean of monthly (max temp - min temp))
oo bio04 Temperature Seasonality (standard deviation *100)
bioclim

biol2 Annual Precipitation

biol3 Precipitation of Wettest Month

biol4 Precipitation of Driest Month

4, Z¥O| el

MaxEnt2] 28 Ae== ROC (Receiver operating
characteristic)?] AUC (Area Under Cover)gf< 0]
&3l S5kt AUCE o83 29| A= 7]
el =HA A A 7L Qlem thefet B
9] A3t v]|mwof Wo] o] &-Fth AUCEHE 24 0.5
£ 71Eo R Hyo] eHE A, 1.09] gk UE
] Ak o= 0 8o dolH Y o &eo] L45irial
TSt (Swets, 1988; Hosmer Jr and Lemeshow,

5. 7|5 Hstofl of3t SEX| 0% U 7|55} 22y
7}
uje} 7)ol ofgh HEA) 22 93 AG
I ALl 2.5 A7 A7 Aol B 2

A& &= 395 7Hd3 RCPs 8,55 2418513
1 2 X|7]= 20504 (2041~2060 0] H#), 2070
(206118 ~2080d Ht)o]e}, RCPs 8.5+ Worldclim
oA AFst= ARE AFRSHEtHHijmans et al.,

5501] «]OH "ﬂé =
H| &322 9] o3}y ]E(binary map) 2 H3sta

(’9. 1) A EEZ AL A

(threshold)> =& 2] W% (sens1t1v1ty)9} %OIE
(specificity)2] gte] |7} == ‘Maximum training
sensitivity plus specificity (MTSS) %t 7|02
St chLiu et al., 2013).

Pcyrss— Psyss )

Perrss x 100 (1

Loss(%):(
01]7 |41, Loss(%0)= 2224 A 48, Poyrss= TA
3 E T UAGE o X199 A, Psyes= W
EH T X ZE T YA ol A9 ef WA o)t}
A= Fo] A 917 gE Wek=
et al (2012)9] ~Zet 4
weight, Wi)& AH&stath 272 1l
o A dA 22 “3’4 7133} Alute] 2o 9f

Crossman

P

17 = (scalar sensitivity
HE=F &

o ol =8 vlefe] £ s8] 2ol 2 ﬁl&%ﬁ%(“ 2)
Wie Adigre] 23he Azt ghol7] bzl 7l
off HE W2 flon $o il v 7}55 H]
2 4 9k
z |Pick Pnkl
W=ty 2)
2 PI:k

7]/\_]‘ Wix}L:__ —/—\‘7]—% ‘?_]_Z:I—E, Pick% %_ %‘a 70’];_(]9—]
w71 RSk 2] o of3t u)
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Figure 2. Locations of records used for this study(A) and field photographs: (B) A. koreana in Mt. Jiri, (C) A. nephrolepis in

Mt. Seorak
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Figure 3. Box plots displaying the median, interquartile range, maximum and minimum values of bioclim and altitude

AMT: Annual Mean Temperature, MDR; Mean Diurnal Range (Mean of monthly (max temp - min temp)), TS: Temperature Seasonality,
AP: Annual Precipitation, PWM: Precipitation of Wettest Month, PDM: Precipitation of Driest Month.
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Table 3. Changes in the potential distribution areas A. koreana and A. nephrolepis due to climate change scenarios(RCPs 8.5)

, 2050 2070
species current(km?)
Area(km?) Loss(%) Area(km?) Loss(%)
A. koreana 48.40 46.88 23 41.97 132
A. nephrolepis 1,549.90 203.29 86.8 89.62 942

71o&0] 0%0] Tk, EH U= bio0l(HAH 7))
o] 7]} o] 74 8%% 71 w¥Oow, DEM(ALE)
23.1%, rock(29}) 0.4%, slope(3F4aF) 0.2% 59
&2 2 UepgthFigure 6),

4, 7|1FHst 1LY
(1) JA L2A9 Z2g
2 Ao A FAAUEFS MTSSE 0.11320]1,
MTSSE 7|22 d5H dA7|$2 AAREA =
48.4km?0] 9lt}. RCPs 8.5 &3t 2050 &
46,88km?, 207092 41, 97km*Z | ZE|Qit}, B
9] MTSS+= 0.41201H, @AA)7]$-9] A 2324
= 1,549.90km?, 2050% 203.29km? 20704
89.62km*& =% tHTable 3, Figure 7). AL}
o] FaA = AARTE A E A oo gH E o
ASE Yo, Erute AR R SHEA] o
2> A|gal, ghetal 2| ow o & tixm all**ﬂ‘”
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(2) 22 W=
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Figure 6. The bar chart gives estimates of relative
contributions of the environmental variables to
the Maxent model

Table 4. Climate change sensitivity assessment using the
sensitivity weight(W,)

A. koreana
(n=86)
51.167
31.647
29.930
23.558
24.877

0.744
0.831

A. nephrolepis
(n=82)
35.886
34.894
22.853

2.628
13.033
0.075
0.570
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