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Predicting the Natural Habitat of Carpinus cordata
Based on Climate Change Scenarios

Chae-Min Jang - Kweon Heo
Department of Applied Plant Science, College of Agriculture and Life Sciences, Kangwon National University
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Abstract: This study predicts the current and future native habitats of Carpinus cordata on the Korean
Peninsula and assesses the sensitivity of native habitat changes and vulnerability to climate change
scenarios. The MaxEnt model was employed to predict the potential native habitats of Carpinus cordata
under RCP 4.5 and RCP 8.5 scenarios and analyzed native habitat shrinkage and climate zone shift
patterns due to climate change. The study found that major climate variables such as temperature and
precipitation had a significant impact on the changes in the native habitat of Carpinus cordata, and in
particular, the RCP 8.5 scenario, which emits greenhouse gases according to the current trend,
accelerated the reduction in the habitat of Carpinus cordata was accelerated compared to the RCP 4.5
scenario, in which the greenhouse gas reduction policy was partially realized. These results suggest
an urgent need to develop conservation strategies for Carpinus cordata in response to climate change,
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and emphasise the need for a policy response to conserve the native habitats of climate-sensitive

species. This study provides an important basis for developing biodiversity conservation and

management plans to cope with climate change on the Korean Peninsula.

Keywords: Carpinus cordata, Climate sensitivity, Climate variables, MaxEnt model, Potential habitat,
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AFRISHE QI5f| Thefet TS0 A7 HA A 7EA
7} Z7Veta 9 th(Qureshi & Jamil 2021, Numata et al.
2022).

ZA7IAE RA O F ol 4kaletay, weh oAtk
A 50 2 A5 o] QI th(Etminan et al. 2016). 27}
ZATIAE 712 A7, 713 Sl JeES 1]
2t} (Chen & Chen 2016, Huang et al. 2016,
Ramanathan & Feng 2009). A A 414 7| ¥ 3}= 7Hg,
2o, 2901 22 TR RO R Yehdt)
(IPOC 2007).

NFREF IS D BHFE HE AR A,
Hax o] thaFet 3L 1) A tH(Compant et al. 2010,
Aguilar-Rodriguez et al. 2006). 7]- 22 A& A2} &0
QS o) 20 Qlo|o], FAee | ST
7ol nl A= FFE IA] AT, o M5 A= A
o] 383 4TZ St= A 2= H 11 ¥ Gl TH(Hatfield &
Prueger 2015, Wang et al. 2014). 7|23} 4=2-0] Z-7}5}
H A=Y BAGFE ST ok B Hol, Hit =
ZHAohA A5 AT ZFASHH(Madsen & Adams
1988, Riis et al. 2003). A1 E-2. 7}&3}ots 7] Tzl
R EE e ERERECEE ST
Z 357 0 2 H 1T tHCorlett & Westcott 2013).

15 310] T W TR A2 B A2 R}
(Betulaceae) Q] @ B U-E-4(Alnus), AFIE-2>(Betula),
A O\UEE(Carpinus), 7FFUF-25(Corylus), AL+
2:(Ostrya)2 7)1 S stof] 7174614 9H-8-3FCH(Mercuri
etal. 2016). 7|58 54o] S| Aol LFR42) 7143
(Carpinus cordata)e =7} 2 A 0.2 Z}AY |7}
G438 W 50T YR, 487 o] &
e} A et Ao 2 1 31 E9 tHZhao et al. 2019).

T e & HRoto] S, & 52 4H
of #£ixst= A0 2 A Jlom, 2t BH %51
9] 9 F=3F-0]t}(Koike 1990, Lee 2003, Kikuzawa 1983,
Kwon et al. 2014). /J&H-2 591710 A3 SE00A
HAE AFotEE, o] BHIot= A2 A A4
AHY B SHE ofjitol=t] E8-0] Hth(Buotte et al.
2020, DellaSala et al. 2022, Lindenmayer et al. 2012). 3t
HHE O] mlef 7] 5= 21009 71A] A2 0.2 7] 20] &
7t AL & A S E, Ag e 7|22 A AlA 2
H|5to] 1.28] o]} 45T A2 FA = U THKMA
2012).

u|#7]%E A &517] YgF =2 += Representative
Concentration Pathways(RCP) A|U-&] 2.7} 9] A&
&, RCPO] Y] 7}A] A2 2= D RCP 2.6 73t
AT FF 0 R 7R 452 2°C o] 5t A|Rkete
AU 2, @ RCP 4.5+ 2A7FA v &0l S 20
A 45k AU 2, ) RCP 7.0 2A7EA Hj&0]
A|&2 0 & F7Fok= S AIUE] 2, @ RCP 8.5 2
A7IA v E0] Al 7t STl 7| S 28
St AU Q& 747 2AT7EA S Sof| whE Thok
St n|ef H =5 A ARIH(Field etal. 2014). ©]& 7H-H|
Al L}2] 2 RCP 4.59} RCP 8.5+= A& H-& 9 AJef & vt
28 Grist=y 2 &85 11 9t Guzo et al. 2024,
Paraseth & Banerjee 2024, Adhikari et al. 2019, Jeon et al.
2020).

SOl A AU, AR O] A7) et 7|2
Slof| T3t MS}E MaxEnt 23S E-&5to] o] &5}
Ch(Park et al. 2014, Lee et al. 2014). SHFEof| A A<=
o) 2.8 554l 7HEero] 7| FHisto] T A A
AR\9} A2} 0] o BT o o] AR sl

2 Q17 Shabzo] st 71 ] A o
olEE siro R kA Aol 4] Ads)
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£ RCP 45 A2 @ 0t AR A& 2A7HAT} v
2L 991 RCP 8.5 A|U+2] 2.9 e} MaxEnt 5.3
< g-g-oto] A AR ke A&t §F 74
= e AR R o e e I B
£ gHstat oty

I 799

1. X|xI= £=Z

7HA 8 O] A B EE o &517] Y5t €A
EALBNBROIA A FoH LE RS 54 ow
ovf, HE AR T A9 23S 5
t|o] = AFE Aol A Al5oke A (1:5000)F 7]‘1}
02 AP BEx5t= I HEAHE I 13748 9] GPS
7]5 B3 24 to|ElH]|0] A5 755} th(Figure 1).
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Table 1. Summary of site characteristics for Carpinus cordata habitat

0

0 50 100 km
[ =]

© Carpinus cordata

Figure 1. Distribution map of C. cordata used in this study.

No. x-coordinate ecoordintic Annual Mea;n Temperature Isoth(zrmality Annual Precipitation
0 0) (mm)
1 34°23'00.4" 126°12'20.0" 13.91 25.34 1,294
2 34°1127.6" 126°34'58.0" 14.39 2345 1,433
3 37°15'45.6" 126°35'00.3" 11.39 23.37 1,225
4 36°23'28.7" 127°07'15.6" 11.32 28.69 1,307
5 35°33'13.4" 127°08'04.5" 11.77 2842 1,325
6 37°25'25.7" 127°08'07.6" 11.58 25.86 1,312
7 37°11'03.1" 127°10'04.4" 10.78 26.63 1,319
8 36°30'41.4" 127°12'12.0" 11.66 28.46 1,282
9 37°09'03.2" 127°14'35.0" 9.85 26.93 1,340
10 35°32'07.9" 127°15'09.0" 11.37 28.56 1,358
11 35°23'44.4" 127°15'09.1" 12.19 28.48 1,335
12 35°23'44.4" 127°15'09.1" 12.19 28.48 1,335
13 37°15'44.4" 127°16'15.0" 10.75 26.52 1,311
14 37°15'44.4" 127°16'15.0" 10.75 26.52 1,311
15 37°15'44.4" 127°16'15.0" 10.75 26.52 1,311
16 35°24'15.5" 127°16"21.0" 11.85 28.51 1,354
17 35°2422.0" 127°16'22.0" 11.85 28.51 1,354
18 37°34'52.2" 127°17'31.0" 10.3 25.86 1,314
19 37°21'04.5" 127°17'36.0" 10.43 26.91 1,322
20 37°21'17.6" 127°17'37.0" 10.43 26.91 1,322
21 35°11'54.5" 127°18'14.0" 11.73 28.01 1,403
22 35°11'54.5" 127°18'14.0" 11.73 28.01 1,403
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Table 1. Continued

No. xcoordinate - evaions Annual Measl Temperature Isotheonnality Annual Precipitation
0 O (mm)
23 38°04'55.2" 127°18'39.0" 9.34 26.37 1,276
24 38°0527.6" 127°18'40.0" 9.11 26.5 1,280
25 37°35'34.7" 127°18'45.0" 10.64 26.02 1,301
26 38°03'34.9" 127°18'45.0" 9.52 26.15 1,260
27 37°19'29.9” 127°19'57.0" 10.57 26.71 1,318
28 37°19'59.3" 127°21'53.0" 10.58 26.95 1,313
29 35°06'56.6" 127°24'12.0" 12.15 28.27 1,402
30 35°33'52.8" 127°24'44.0" 11.87 29.07 1,323
31 35°12'15.2" 127°24'45.0" 11.97 2791 1,396
32 35°12'15.7" 127°24'54.0" 11.97 2791 1,396
33 35°21'07.9" 127°25"21.0" 10.89 28.11 1,420
34 35°25'59.7" 127°27'18.0" 12.03 28.24 1,336
35 35°25'59.7" 127°27'18.0" 12.03 28.24 1,336
36 35°30'11.1" 127°28'47.0" 11.41 28.26 1,354
37 36°15'10.8" 127°30'09.7" 11.34 29.11 1,292
38 37°33'48.5" 127°30'36.0" 8.55 26.98 1,359
39 35°07'35.1" 127°31'30.0” 11.92 27.68 1,420
40 35°35'43.6" 127°31'35.0" 10.3 28.73 1,402
41 37°33'54.6" 127°33'09.7" 7.24 27.14 1,395
42 35°31'18.8" 127°3427.0" 10.23 28.73 1,423
43 36°09'07.9" 127°34'51.0" 11.21 294 1,280
44 36°09'07.9" 127°34'51.0" 11.21 294 1,280
45 36°3121.0" 127°35'06.0" 11.01 284 1,282
46 36°09'08.0" 127°35'11.0" 10.78 29.5 1,302
47 36°09'07.9" 127°35'11.0" 10.78 29.5 1,302
43 35°31'58.6" 128°02"23.6" 12.2 29.13 1,323
49 37°23"28.5" 128°06'44.4" 8.22 27.74 1,329
50 36°28'53.0" 128°08'08.9" 12.01 29.95 1,193
51 38°06'45.5" 128°09'41.6" 8.91 26.92 1,221
52 35°18'05.5" 128°09'48.2" 12.7 29.37 1,359
53 37°22'01.0" 128°09'56.8" 8.54 28.17 1,321
54 37°22'01.0" 128°09'56.8" 8.54 28.17 1,321
55 35°18'16.0" 128°10'17.0" 12.53 29.31 1,368
56 35°18'19.0” 128°1021.0" 12.53 29.31 1,368
57 37°15'11.5" 128°10'53.0" 9.6 28.24 1,299
58 37°15'11.5" 128°10'53.0" 9.6 28.24 1,299
59 37°22'04.8" 128°10'58.0" 8.48 28.09 1,328
60 37°23'45.0" 128°11'34.0" 8.45 27.78 1,321
61 38°14'32.6" 128°11'42.0" 8.98 26.72 1,200
62 38°09'19.8" 128°14'00.3" 9.43 26.24 1,184
63 38°09'19.8" 128°14'00.3" 9.43 26.24 1,184
64 35°07"26.8" 128°14'02.0" 12.87 29.2 1,417
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Table 1. Continued

No. x-coordinate RS Annual Mea;l Temperature Isothirmality Annual Precipitation
0 0 (mm)
65 37°32'05.2" 128°14'31.0" 8.42 27.88 1,320
66 38°08'55.3" 128°16'17.0" 8.72 26.01 1,221
67 37°12'09.5" 128°16'43.0" 9.73 29.1 1,299
68 37°31'53.2" 128°17'32.0" 7.3 27.64 1,354
69 37°1624.7" 128°1923.0" 9.74 28.53 1,281
70 37°18'16.2" 128°19'57.0" 9.56 28.16 1,287
71 37°15'08.6" 128°19'58.0" 10.08 28.64 1,273
72 37°15'46.2" 128°20'01.5” 10.15 28.44 1,271
73 37°2821.0" 128°20'05.6” 7.72 28.07 1,346
74 37°24'57.5" 128°20'05.9” 7.88 28.19 1,344
75 37°12'23.0" 128°20'08.2" 10.52 28.88 1,262
76 37°28'35.8" 128°20'57.0" 8.22 27.74 1,331
77 37°26'40.0" 128°21'54.0" 8.8 28.07 1,311
78 37°08'35.6" 128°25'10.0” 10.4 29.13 1,258
79 37°21'11.9" 128°2522.0” 9.35 28.17 1,289
80 36°16'19.2" 128°27'06.4" 11.76 30.2 1,141
81 36°17'02.0" 128°27'10.0" 11.71 30.28 1,139
82 37°25'32.8" 128°27'42.0" 7.81 28.37 1,343
83 37°22'17.1" 128°28"22.0" 8.24 28.61 1,330
84 37°22'17.1" 128°28"22.0" 8.24 28.61 1,330
85 36°44'30.3" 128°30'14.0" 11.32 30.29 1,184
86 36°44'30.3" 128°30'14.0" 11.32 30.29 1,184
87 36°44'30.3" 128°30'14.0” 11.32 30.29 1,184
88 36°44'30.3" 128°30'14.0” 11.32 30.29 1,184
89 36°44'30.3" 128°30'14.0” 11.32 30.29 1,184
90 37°23'40.7" 128°30'44.0” 7.13 28.46 1,394
91 38°07'38.2" 128°30'54.0” 8.65 26.57 1,296
92 36°12'42.4" 128°3055.0” 11.74 30.15 1,119
93 37°21'19.5" 128°3133.0” 8.88 28.72 1,308
94 37°21'19.5" 128°3133.0” 8.88 28.72 1,308
95 37°21'19.5" 128°3133.0” 8.88 28.72 1,308
96 37°40'44.4" 128°32'38.0" 8.11 28.11 1,325
97 37°08'35.9" 128°32'44.0" 10.03 2843 1,263
98 37°08'35.9" 128°32'44.0" 10.03 2843 1,263
99 37°08'35.9" 128°32'44.0" 10.03 2843 1,263
100 37°19'07.0" 128°32'51.0” 12.22 28.44 1,286
101 36°19'07.0" 128°32'51.0” 9.44 30.5 1,092
102 37°2029.4" 128°32'53.0” 9.74 28.19 1,285
103 37°20129.4" 128°32'53.0” 9.74 28.19 1,285
104 37°23'07.7" 128°33'06.5" 8.69 28.13 1,323
105 37°08'38.5" 128°33'12.0" 9.75 28.6 1,275
106 37°08'38.5" 128°33'12.0” 9.75 28.6 1,275
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Table 1. Continued

No. xcoordinate anarins Annual Meajl Temperature Isothczrmality Annual Precipitation
(0 (°0) (mm)
107 37°08'35.8" 128°33'19.0” 9.75 28.6 1,275
108 37°08'35.8" 128°33'19.0” 9.75 28.6 1,275
109 37°08'35.8" 128°33'19.0" 9.75 28.6 1,275
110 37°20'39.4" 128°33"21.0" 9.32 28.32 1,295
111 37°41'03.1" 128°3322.0" 8.38 27.92 1,314
112 37°10'37.6" 128°33"25.0" 9.65 284 1,275
113 37°08'38.5" 128°33"28.0" 9.75 28.6 1,275
114 37°08'38.5" 128°33"28.0" 9.75 28.6 1,275
115 37°12'45.6" 128°33'31.0" 9.08 28.36 1,305
116 37°19'45.8" 128°33'49.0" 8.99 28.37 1,301
117 37°09'14.1" 128°34'58.0" 8.5 28.8 1,337
118 35°20'32.9" 128°3523.0" 12.81 28.7 1,327
119 35°20'32.9" 128°35"23.0" 12.81 28.7 1,327
120 36°25'33.0" 128°35'42.0" 11.18 30.53 1,154
121 36°25'33.0" 128°35'42.0" 11.18 30.53 1,154
122 36°25'33.0" 128°35'42.0" 11.18 30.53 1,154
123 37°16'36.2" 128°4026.0" 8.98 28.47 1,304
124 37°1028.1" 128°45"23.0" 8.28 28.85 1,315
125 36°14'37.1" 128°48'41.0" 11.14 29.71 1,121
126 36°14'37.1" 128°48'41.0" 11.14 29.71 1,121
127 35°28'56.1" 128°49'47.0" 11.76 28.51 1,327
128 35°21'08.9" 129°00'45.7" 13.16 28.21 1,330
129 37°01'15.6" 129°06'08.1" 7.83 29.11 1,350
130 37°10'05.5" 129°0726.4" 8.96 28.88 1,297
131 35°19'56.3" 129°08'00.2" 12.5 27.79 1,394
132 35°19'56.3" 129°08'00.2" 12.5 27.79 1,394
133 36°1122.6" 129°08'03.8" 11.17 29.5 1,140
134 35°24'09.9" 129°15'34.0" 13.52 27.84 1,296
135 35°24'09.9" 129°15'34.0" 13.52 27.84 1,296
136 37°15'49.9" 129°16'35.0" 11.3 28.6 1,245
137 37°15'49.9" 129°16'35.0" 11.3 28.6 1,245
O GPS RS HIF O & 9 YA 2 (AB+ 7] (BIOI) ”é T 524 (BI03), ¥+t 3 (BIO12)
< d % 715 2 Hlo[E= A A

1). YA 27 4 2= WorldClim v2.1 A2 28313 ?34715‘?«%5}036 = 718170 AgtsiH, Hlo| g <]

ol A REA G BAG A A0 F7HAFE A=A T B8 7HsA ] E kL ] YTk Colston et
A Tk x Tkm FZ311ck SRSt A ebE al 2018)
) APA| 9] 1 9l F4FS BEAZ 0 2 HES|o] 7t
o 2. 7135
<t
2
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Table 2. Description of climate variables

Climate variables Description
Biol Annual Mean Temperature
Bio2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
Bio3 Isothermality (bio2/bio7) (x100)
Bio4 Temperature Seasonality (standard deviation x100)
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
Table 3. Correlation matrix of bioclim (p <0.05)

Bioclim | 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
1 0.80 | 0.06 |-0.62| 0.64 | 0.92 | -0.63| 0.92 | 0.92 | 0.91 | 0.96 | 0.05 | -0.50 | 0.10 | -0.50 | -0.32 | 0.24 | -0.37 | 0.24
2 0.73 | 0.88 | 0.00 | -0.63 | -0.45 | -0.13 | -0.57 | -0.14 | -0.52 | -0.50 | 0.13 | -0.32 | 0.40 | -0.15|-0.45 | 0.04 |-0.46
3 -0.03 | 0.19 | -0.05| 0.19 | 0.13 | 0.01 | 0.06 | 0.05 | -0.31 [ -0.31 | -0.07 | -0.19 | -0.39 | -0.04 | -0.25 | -0.05
4 -0.17 [ -0.84 | 0.13 | -0.29 | -0.84 | -0.23 | -0.82 | -0.39 | 0.59 [-0.39 | 0.83 | 0.23 | -0.64 | 0.36 |-0.64
5 0.64 | -0.18 | 0.98 | 0.64 | 0.98 | 0.70 | -0.20 | -0.31 | -0.07 | -0.17 | -0.32 | -0.06 | -0.27 | -0.06
6 0291 0.73 1098 | 0.70 | 0.99 | 0.26 | -0.54 | 0.31 | -0.69 | -0.26 | 0.48 | -0.36 | 0.48
7 -0.32|-0.85(-0.27 | -0.82 | -0.45 | 0.49 | -0.44 | 0.77 | 0.13 | -0.65 | 0.29 |-0.66
8 0.73 1099 | 0.78 | -0.11|-0.32 | -0.05 | -0.22 | -0.28 | -0.01 | -0.25 | -0.01
9 0.70 | 0.98 | 0.28 | -0.53 | 0.28 | -0.68 | -0.25 | 0.47 | -0.35| 0.47
10 0.75 | -0.11 | -0.28 | -0.05 | -0.18 | -0.26 | -0.02 | -0.24 | -0.02
11 0.19 |-0.57 | 0.23 | -0.67 | -0.31 | 0.42 | -0.40 | 0.42
12 0.41 | 040 |-0.19] 0.74 | 0.51 | 0.60 | 0.51
13 -0.24 1 0.77 | 0.88 | -0.36 | 0.91 | -0.35
14 -0.68 [-0.10 | 0.94 |-0.21 | 0.94
15 0.50 | -0.83 | 0.61 | -0.83
16 -0.11 ] 095 | -0.11
17 -0.26 | 1.00
18 -0.25
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OFl

Z AEE R0l 12 % A3t 8912 7]Fo|th(Watling
etal. 2012). 2 9710 A 74X aFto] RS AASI=
715 = WorldClim v2.1 AR5 55 4513t}
WorldClim v2.19] 4] 20304 (2021~20401 9] 3 ),
20501 (2041~2060'A 2] T t), 2070'A (2061~2080% ]
B9 FE7]FAA = biodim 2] 197}4] H=E o]
&t oH, 7 7] 5 0] A2 Table 22} Zth(Fick
& Hijmans 2017). 3749 SJA == 1km x 1kmZ
T+=5}4L, QGIS Desktop Version 3.22.02 0]-&5}0] A|
A5l oH, FEA = WGSs4E EYsoith 12,
1971 9] M= o534 (Multicollinearity)& 7+
4 3198 2 (Khanum et al. 2013), ©] & A A3}7| Y}
o] 197]9] ®S5 A} 0 2 oA #4412 35t
FEAT7EEE 230( r| > 075)2 B FAEA A A
oottt S| AEA L TA A AL E O] R (ver
43.1)& ARESto] aistql on, M 7H BHAE 37t
5171 {18l 3ol A A & st AT E S
015} T (Table 3). 54 © & Bio3, Bio5, Bio7, Biol2,
Biol3, Biol4 5 67} W=7} AW =] Qi) o] & &-85}0]
RCP 4.52} RCP 8.59] = 7HA] th2 Alute] Qof w2 3t

A B3 512 v w3lo] 7| erge] A 1Sl E o]
Z5}91ch ROP 45 2474 7 B 80| & A

He A& 7P 715 e} AluE] 2018, RCP 8.5
A FAd = 2A7IA7 e EE = A 7P 1%
Hgh AluE] o).

3 EEEUE 2 X FH: HE

A0l £ o] E e} 7| SRS &85
Maximum Entropy Modeling (MaxEnt) ®.§-& =5}
At 23 AZE Hoto] Training data®} Test datas:
153] ¥HE A5ttt By oS P E = Receiver
Operating Characteristics Analysis(ROC)2] Area Under
the Curve(AUC) 10 2 T4 sI3ith 79142 B716
7] 913 =9 22 - AHL AFET AUC o] 059914
07 Afolol g Aol HFES U AR 715
5F12,0.7914 08 Afolo] e 73 4359] A=)/} et
= Q7S U R A5 THSwets 1988).

4 B A ATE 7| €22 AZIE 7AX e

JAYAE EEoI o, o5 A ST+ EE

§3tdlo|E B /Mo AR 712, AYF B4
AW F2AY BEE AT ol et A4S
R ME PR R E RS LR
B9}

48 ) 54 s % 7| 71 5

At 7] &2 7HAEPE Q] AP A] 104°C, e
11.3°C2 &1 = th(Figure 2). 7R 8F O] A} A=
S Qf Bl W 5ko] 0.9°CE BA1 4] 9]/ 0] &Rl e
At ﬂlﬁ B 7HAEE Q] AHEA] 1,296.1mm,
ot 2.1mmE Q1= QUTh. 7FA|HhE o] AHEA]
7OL¢%% @_} A O] 7y} H] W 510] 4.0mm Z}o| 2

7o Sl = A Bk TH(Figure 3). B

2 7HA 9] AP A= 28.2°C, S =

1°CE ERRI=| et 7P o] AP A] 524 gk
e 5241 gt Bl wstod 0.1°C Ao = A4
O1/d& BRI A kAt (Figure 4). 7HA[HE-E 12
500~2,500m8] 157 A, Al=o] Tghe Ak
ol EE3IH(Zhao et al. 2019). SHEFAR A= 117}
100m F7Fe wjujt} 7]20] PFFA O & oF 0.58°C
oA Zlo] B 11 ¥] 9] tH(Kong 1999). 0| &3t 1 & EA
o] PR O F2 7|25 Aot 5% a%lolth

= =20
2. 2o Feix 3 EdHs 7|0

E o Lo A A}-83F MaxEnt ¥ 0] Ay =
RE-AYS UC #t 2 & Yl
A7} 748 9] AUC FH2 07172 =2 Alg4
Y& 70 2 31| Q] th(Figure 5). 7}A HE 9] & A
By ] Hod et A M4 E MaxEnt2] 18] Z 0]
9Jgt 7]od = Hrt2 A5l 34 ¥4 % Biosd
A 52.3%9] 7} =2 7] ]88 H 9 O, Bio7, Biol2,

oxl o

A8 A

mlo i

)

I
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Figure 2. Average annual temperature in C. cordata habitat (* p<0.001).

National Natural Habitat
Figure 3. Average annual precipitation in C. cordata habitat.
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Figure 4. Average annual isothermality in C. cordata habitat.
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o151

Average Sensitivity vs. 1 - Specificity for Carpinus

cordata
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Figure 5. The AUC value for the prediction of potential habitat by the MaxEnt model.

20

10

523
17.9
125
6.2
& -
0 T T T T
bio3 bio5 bio7 bio12 bio13

m

bio14

Figure 6. The contribution percentage of environmental variables by the MaxEnt model.

Biol4, Biol3, Bio39] < 2. & 7] o] && YEF T}
(Figure 6).

3. RCP 45 A|LtZ|20]| IHE ME7|

To

st

AP 7|22 7hA 8 o] AP A o] A 2030 9
11.2°C, 20504 11.4°C, 2070 11.1°CE E-A %9t} &
Bt 735220303 0| 1,414.2mm, 2050 1,458.9mm,
20701 1,284.5mmE A F| it 5241 ZH2 20309
o]| 27.8°C, 2050 0] 27.6°C, 20701 0] 27.8°CE E-A] ]
9ot ghit: o] At 7]-2-2 2030 9] 13.2°C, 2050
130 14.0°C, 2070 0f] 14.8°CE BA =it ABH 7}

S22 2030 9 1,351.2mm, 2050 O 1,430.4mm,
20709] 1,292.4mm& £ = Qlc}. 5241 ZH2 2030
W o] 26.6°C, 20503 0] 26.4°C, 207010 26.8°CE E-4]
=k

7HA o] AP A= St ot Hot gk vl woko]
APt 7] 2L 2030 of| -2.0°C, 2050 9f] -2.6°C, 2070
|oll -3.7°CE 2 faste A2 eItk A8+ 7
2L 2030 °f] 63.0mm, 20501 ©f] 28.5mm, 2070
o -7.9mm= F2} FhAol= B Hlrh 524 gk
220301 9f| 1.2°C, 2050 9] 1.2°C, 2070139l 1.0°C =
2702 EAF I
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Table 4. Climate information of C. cordata habitat by RCP scenarios

) ) RCP 4.5 RCP 8.5
Climate variables Current
2030 2050 2070 2030 2050 2070
Temperature (°C) 10.4 11.2 11.4 11.1 11.0 11.5 12.1
Precipitation (mm) 1,296.1 1414.2 1458.9 1284.5 14239 1538.0 1572.3
Isothermality (°C) 28.2 27.8 27.6 27.8 274 27.6 27.5

Table 5. Changes in the potential distribution areas of C. cordata by climate change scenarios

Scenario Period Area (km?) Loss (%)
Current 41914 0.0
2030 34,053 18.8
RCP 4.5 2050 30,939 26.2
2070 17,203 59.0
2030 28,306 32.5
RCP 8.5 2050 19,758 52.9
2070 9,857 76.5

4, RCP 85 A|Lf2|20f mE H=7|< tHst

Ag ot 7|22 7hA 8 ] AP A o A 2030 9
11.0°C, 20501 o] 11.5°C, 2070¥1 0] 12.1°CE £A 5]
ok AEF 7242 2030 9] 1,423.9mm, 20509
1,538.0mm, 2070 Y| 1,572.3mm= EA it S&
A ZE2 2030 9f] 27.4°C, 2050 9] 27.6°C, 2070 9]
27.5°CZ B4 =] Qlc}. S 9] Aot 712 20304
of] 13.4°C, 20508 9]| 14.9°C, 2070\ 0] 16.2°CE E-A1 5]
At AWt 42 20309 9]] 1,387.6mm, 20501
1,439.6mm, 2070 9f| 1,480.7mm=E B4 |9t} S
A k2 20303 9 26.4°C, 2050 ] 26.5°C, 2070 o]
26.5°CE A =] ThH(Table 4).

72 O] AP A= o ot gk v w st
AT 71220301 9 -2.4°C, 20501 0] -3.4°C, 2070
doll -4.1°CE 2} Aol A Blvh Ag 7
22222030 o 36.3mm, 20501 98.4mm & Z7}5}
7k 20709 0] 91.6mmE 7 Aokt 524 g
2030191 1.0°C, 2050119 1.1°C, 207014 °f| 1.0°C
o] A= qlch

5. EX XFYX| Azt

2 Ao A e W oS H A 71 3-9] AHPA] =
41,914km?0]t}. RCP 4.5 A|Ur&] Q. of| 4] 2030 34,053

km?, 2050 30,939km?, 20701 17,203km’Z &%}
TH(Table 5). TE3H RCP 8.5 A|L+2] 2.0 4 20304 28,306
km?, 20504 19,758km?, 20709 9,857km’E o & X}
T}(Table 5).

|
8.5 Ale] @ Bk A7 A HZ AHSH= RCP 4.5 Al
2] Qo A] FEHA O] T = Aottt

7h2|uh o] ZF A A= RCP 4.52F RCP 8.5 A|UH&] Q.
oA FUHA BENHS et 555 WFOE o5

sk G2 EAtt(Figure 7). 597 A& =54,

Aol A A AFE R G 0 2 o] Fdtth= A A3t
7} H 11 5] QITHOh et al. 2010, Jung 2021). & 1 51= 3t
HHe of] 325k 718 o) A AHYAH A o] 7] %
HH3}of| whet HAp 7HAst, 1 RE o] E5EHO0 R
o] 5otz A Yet=t, ol= A3 A+ Aot
A |5} THOh et al. 2010, Jung 2021).

¢

Iv. 22

B ATEIRNEAY

oA A3 R el
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Figure 7. Potential distribution map of C. cordata based on thresholds by RCP scenarios.
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GPS YA o] ¥ (137A]4)2} WorldClim v2.12] 7] & ¢
oE] & A 5t0o] MaxEnt 22 55 RCP 4.59} RCP
5 ALl 20] 7 Dlehe] & RE A o2 HE
SEATH 7k H o] F A AP A = Bios(F] 1L7]2),
Bio7(2 = AA}), Biol2(A7F 5 42 S
Vg FAT W ebdeh AR A,
2T PAS BFE WA 152 71 5ol 1

2 % 9Lo], 2442l el Wg st A

e )R = A0 2 IE A TH( Mercuri et al.
2016, Zhang et al. 2014). & 1L A 3}of| A] 74| 8F 2]
A A) = TR S] Bt N W e 2 0 2 LElt
o], 7o) A S TEE YT 2|9
7t 7129] 2o 7F &1 = Qi et 7HA| HhE-2- 7] S s}
w9 RS} A e A0 R 05 7}
5/90] A171 %91 2™ (Zhao et al. 2019), & A+ A2}
R N P LA L ERUAR PEEEN
TANE RIS A EA, LA HEEE A2
@ Bl HSAY, B M A HAHE B
o] 5-ofjoF & ¥ g/do] A 7] = 1L Q1 TH(Kong 1998).
RCP A L] 0| A 7|7to] A1 g -5 of| A& AT
%, AH|S9] WA o] A} BHAE 1 (Lee et al. 2015, Lee
etal. 2018), BOILFR, TR L 71585} 91709 7
7ol wtah A AP A] H A2 A6 th(Park et al.
2015). 71533}9] 4271 714848 49, o5 4o]
£ B S WA, ol 5 Ho] P2 HBL 4E
IS Agst E]-(Corlett & Westcott 2013). 1 E

. PR SEECER
‘%ﬂﬂ%l%1TQQﬂ@EQi¥ﬂ%ﬂ#

2 A

_l

0

5 AU QoML LA7EA 7HE A o] YA
S5 A@go] wret 7| argo] ) A7 Al 7ko]
Aol wet QhekolA| Zhashe A Ech W,
RCP 8.5 A[L2] Qo] A= A7k A v 0] Al 57}t
o] 758 3}7} 714 5HE 0 24, 7R urg o] A A
A a2 71455E A0 2 d& 9t S yet=
43 ZAV gl 9 2ATMA Ml S7HE AP A
0] 9ok HhS A 0 7 A7} 11 Q) TH(Park et al. 2015).
|23t B3k 7| S skR ok AMEA| 4t uhHE st
2 AT AN R A, A g Ha de

[¢]

S Y 7 E, ST Ao MYF AR B
%] 9t} (Fahrig 2003, Fischer & Lindenmayer 2007).
S 7135 L olafot $H JFL Al
51571 912 48 T4 S go] RS HTER0
B}(KMA 2014), o] Roboll Al 715} - A%l5h
%2 7l ko] AJ2HE| 3L QITHIPCC 2014).
2 Q7L 7| FHsk} A st} 22 7] g
o] 3.2 %] A41A] Wate] v]7]= o] o9 it
= AL A ARITh E£3], Bios, Biol2 M7} 7k HHE9]
A2 Hsto] F a7t A Strh= oAl 7] St
Al Qo] g 7] 9 Ao Moprt 7 e o]
B2 B & Gk vE Ao ® wtEh
ESH RCP 4.5 A L8] 2.9] B] 3 RCP 8.5 A L}&] Q.0]|
A A A e TS 7158 = A 02 YEY, 7]
Srsto] tfet A=2Q tf-go] st 2ES =
S 5 AT w2hA, 7HA g O] A7 A B 9
S A= 71518} o A JEstar, AHYA] B
I} 5o gk Ak o] asiet
A= e W ZRR PO A A AR ek
A&t 7133t A of whE A A AHe 3
7Fko 2 M, 715-H3lof gt aubA 9l ff-g etk
Ste 7|2 ARE 84 o US AR 7|t
S| 7AA|arE o] AR 7FEA 719 2200 Ao,
I B o5 Eﬂ‘(MmcEnt o His dEl ZAE T
83| sfof 71313t A THS
A5 Algotath FEE} ‘2}—?— 7| St g
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