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Habitat prediction and impact assessment of Neolitsea sericea (Blume) Koidz.
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Abstract

The research was carried out in order to find climate factors which determine the distribution
of Neolitsea sericea, and the potential habitats (PHs) under the current climate and three climate
change scenario by using species distribution models (SDMs). 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. Three general
circulation models under A1B emission scenarios were used as future climate scenarios for the
2050s (2040~2069) and 2080s (2070~2099). Highly accurate SDMs were obtained for N. sericea. The
model of distribution for N. sericea constructed by SDMs showed that minimum temperature of
the coldest month (TMC) is a major climate factor in determining the distribution of N. sericea. The
area above the -4.4°C of TMC revealed high occurrence probability of the N. sericea. Future PHs
for N. sericea were projected to increase respectively by 4 times, 6.4 times of current PHs under
2050s and 2080s. It is expected that the potential of N. sericea habitats is expanded gradually. N.
sericea is applicable as indicator species for monitoring in the Korean Peninsula. N. sericea is
necessary to be monitored of potential habitats.
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Fig.. 1. Actual distribution of N. sericea. The number of the
presence of N. sericea was 2,171 records

4N 155 g8kl a7l 7S e Ae
A&719] G EE e 25FA14(WE Warmth
Index) (Kira, 1977), A9 AL 23k A& e}
Y& 3t 2 A7 & (TMC; Mean minimum
temperature of the coldest month), AJ57]12] 4
F5aY AREA 5~0U9Y A F4F(PRS;
Summer precipitation), 419 AZXAE W A Mgk
O] A FEEA] 12~3Y9] =A7F(PRS; Summer
precipitation)ol] thale] 30 (1971~2000) H++
71378 A7 7]1% A& (Current climate data) =
28313 ch(Table 1).

u]@]7]% 27 = [PCC(Intergovernmental Panel
on Climate Change)2] | Al Lfe] o st B
1 1A (SRES; Special Report on Emissions Scenarios)
of| B 1% AR 7132 P (GCMs; General Circulation
Models) Zo]| 4] CSIRO(Commonwealth Scientific
and Industrial Research Organisation), CCCMA
(Canadian Centre for Climate Modelling and
Analysis), HADCM3 (Hadley Centre Coupled
Model, version3)E Aeslo] A4 AL AE 2|2}
A9 7} oA W AE FAIsH, 21009 o]+t
3FEEA(COz) = 720ppme 7|2 2 3t A1B AJLh
2l AbE A ke ol8shelen, 2050(2060~
2089)4, 2080(2070~2099)¢ 30¥ Hat 7|54k
A-goto] o &stqlch(Fig. 2, Table 1), @271
A A 4(WD)E 78.1C - month, ZFHLZ|A]7)
&(TMC) —13.0°C, 3HA==F(PRS) 864.5mm, &
g7 (PRW) 112, 2mmo] =, w2l 7] 5ol A4 20508
(2040-2069)2] & F A 4= (Wl)= 96.5~103.2T

- month, L *7]-2(TMC) —9.9~-8.1C, 5}
A 7 4= =k (PRS) 911.2~1,219,9mm, & A 2 ==
(PRW) 112.2~148 5mme]tt. 2080s(2070~2099)
9] LA 5(WI)= 102.6~118.9°C - month, e+
2|2 7)&(TMC) ~8.3~-5.6C, PRSI Z4+%)
937.2~1,394.5mm, PRW(F A 7+ =) 132.1~
166, 2mmeo]|tt, HADCM3 ulg] Alue] 2+ CSIRO
€} CCCMA ] Alue] 2 Bt 8 229 =2 7
THoE M w737} oA SH Ay 2ol
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Fig. 2. Maps of four climatic variables under the current climate(1971-2000), the future climate CCCMA A1B, CSIRO A1B

and HADCM3 A1B identified as the 2050s(2040~2069) and 2080s(2070~2099). WI: Warmth index. TMC: Mean
minimum temperature of the coldest month. PRS: Summer(May-September) precipitation. PRW: Winter(December-

March) precipitation.

Table 1. The mean values of four climatic variables under the current climate (1971-2000) and future climate scenarios
(CSIRO A1B, CCCMA A1B and HADCM3 A1B) for the 2050s and 2080s in Korean Peninsula. WI: Warmth index
(Kira 1948), TMC: Mean minimum temperature of the coldest month, PRS: Summer (May-September) precipitation,

PRW: Winter (December-March) precipitation

Climate condition WI(C® - month) TMC(C") PRS(mm) PRW(mm)
Current (1971-2000) 78.1 -13.0 864.5 112.2
2050s (2040-2069) 96.5 99 911.2 1252
CSIROAIB
2080s (2070-2099) 107.3 -83 937.2 132.1
2050s (2040-2069) 93.4 -9.0 1,002.8 143.6
CCCMAAIB
2080s (2070-2099) 102.6 -7.0 1,077.5 160.2
2050s (2040-2069) 103.2 -8.1 1,2199 148.5
HADCM3 A1B
2080s (2070-2099) 1189 -5.6 1,394.5 166.2
4. EAlsHA tree model)(Clark and Pregibon, 1992)2 o]-83}
SANGE e A/RA ARE Foage W CT-modelE tidge] Saxep 87 ool
3131, 47 713ZHWL, TMC, PRS, PRW)S Egwl  BAIS S4317] Slste], &84S SHdeny
42 dlo], ZEERZ TY(SDMs: Speci species H 7badt FA5H vhEsto] 2R SR RS LS E =
distribution models) {4 CT—model(Classification &A1 Eo| (Breiman et al,, 1984), SH¥4)
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o] go]5ltHDe'Ath and Fabricius, 2000), CT—
model®] F2A] WA} (cross—validation)(Clark
and Pregibon, 1992)& 53f %42 E2|3+E
ottt Ak gele A E 107 1522 ol
PN 2 ol8sto] mEs 55kl LA 17 1
Fo2 Y-S gristo] 1003] WHEsto] WAkl
o}, E3h mE G kS mAle 7| of

2] A= (DWS: Deviance weighted score)
(Matsm et al,, 2004a)E AF=3}0] 7|38 018 310

Skl

T Y oS = () E Bsk] A8l
ROC(Receiver operating characteristic)al| 4] (Metz,
1978; Hanley and McNeil, 1982; Zweig and
Campbell, 1993)& Ad¥st¢lct, ROCa| 4 o] 9|3
A% AUCZH(Area under the curve)2 0,504,
1.00J8}e] ZEo2 1,00 24 &5 HEF0] 2
ststct WA E Y, AUCY H7171%2 0.9~1
(excellent), 0.8~0.9(good), 0.7~0,8(fair), 0.6~
0.7(poor), 0.5~0.6(fail) 2.2 235} th(Swets,
1988; Thuiller, 2003).

CT-model& &8l 754 ZHoA AEFef A
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7 (Suitable habitats: SHs)& ZHetatATH Lk
BB &, 2008), A5 AR ] A= B9 o SA =
7= 9J3F ROC(Receiver operating characteristic)
9] 3jj Al (Zweig and Campbelll, 1993)0o] A =
(Sensitivity)2} E0| = (Specificity) 7} A= 1,00 7}
7hE o (AR A1)k 1,02H) AgfolH, AARAS
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A (Potential habitat: PHs)® H8F tHTsuyama
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o £ Ar 7|3 as9 BAE CT-model
(Classification tree model)% o] g-5fo] ZFAIUEL9
B3 2d(Nse—model)& A9 = 709
terminal node(TN)7} YA = 1 chH(Fig. 3). Nse—
model®] E&AHEE FHo15}t7] 95 ROCEANS 4l
AleE At AUCZEO] 0.86% AFEEI oW, Swets
(1988)9] w9 #A7]E AUC)0.89 23 good
o2 HAEST ROCEA oA mdle] Agre7}
oYY 4L ExdES AR & g
(MinROCdistance)-& 0 16701331 22RO B
8 (Nse—model)o Al 2EEE 0,1670]142] A
£ WS&A A (Suitable habitats) 2 s, E3
ANAAE () 2] 95%F E§ele= Y SdTES
UEY= £323HE 0.0860149] A 9& A 5%
(Potential habitats), 2%k 0.086~0.1672] Z
£ B3 HEXZ|(Marginal habitats) & TgHalo] &
A5}ict, Nse—model®] 75 23, 77H2] TN ]
A7 2(TMC) —4.41TE 7|E28 A A 1
IF(IND, TN@)2 A 271F(TNO~D) o2 L
olflth ALFS L A 7]2(TMC) —6.25C
£ 7|52 = node O} node@F =) AH, A
OEL YR A7|&(TMC) —2.75C7| &0 &
node®, @2} node®~®= =AUtk £, 2
2715 25 7158800 o5l thA] 7] o] 7
TNl theh 7] 3271 0] A5 Sl

SRS PAUHRO] Rof 7] a8l et A
XA (SHs)+= 2335 0,167 o] Aoz TN
@, TN®, TN@o|H, &3 HEZ|(MHs)= #328
£ 0.086~0,1679] A 0.&2 TN®), TNOZ &5
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TMC < -4.41
T

T™MC <|-6.25 ™C <|-2.75

0.000 0.018 PRS <[1438.5 PRW <2263 < 13356

NO ™ 0.086 * 0.200%%  q134* 0502%F  0o12**
N® TN® N® NG® NG

Fig. 3. Classification tree for N. sericea trees based on the four climatic variables. Splitting conditions and probability of
occurrence of N. sericea 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 7 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. *Marginal habitats(MHs), **Suitable

habitats(SHs)

modeloA] 7HE 2 2dEES YEY+= TNO2
7|32 AL -2.75C = TMC, 226.5mm < PRW,
WI < 133.69 Aoz o SE3It}, D vsee &
FeHEOo| £ TNDL -2.75C < TMC, 226.5mm
< PRW, 133.6 { WI, TN@+ —4.41T = TMC (
—2.75C, PRS {1438, 5mm9] 7|&z7ojt}, EiL
HEA 2 #etE= TN®Y| 7| 3270 —4.41T =
TMC < —=2.75C, PRS < 1438.5mmo|™, TNG+
—2.75C = TMC, PRW < 226.5mm9] 7|&>xA%
2 A=

Nse—model?] F-ZA] terminal node(TN) £-2]9])
ST 5YHY EoF = (DWS; Deviance
weighted score)= TMC(2|SHI 2| A 7]-2)7} 96.3%,
PRW(S Al F=%)7t 1.8%, PRS(SHA 74=%)7t
1.0%, WIRFA4)7} 0.9%2 B4 = Ak, whehA],
AR x5 245k Al 180102 3k

A7) &(TMC), Al 289102 FAZTZH(PRW)
2 BAEQon, A 3, 48902 AL
(PRS), LHFAR(WI) o2 FA5e] 2 o
off 283l gl Ao R BAFE,

2. #xl7 |20 =X ol

TFEE FAUE B2 2d(Nse—model) & E)
Z @71l A AR A EAE oS53
A}, AAREOL FART Ag sfebA o 9l el
A9 &5, AFE didt iz o SH
(Fig, 4). FAUR] A&7 (TN®), TNG)= A
i A Ak, s, S HEE sel
Ao ef Ak, Ak, &4t AFE, 5= sk
FA o2 WAL 2 T44km’ 22 o SE|QTt, X
HEX|(TN®, TN®), TND)Z A HEA 99 L
F8E @Al A ol FSE, gER WS
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(A) Actual distribution

(B) Current

® Presence

Probability

Potential | Suitable I 0.164-1.000
habitats | Marginal B8 0.086-0.164

Non-habitats [ < 0.086

Fig. 4. Distribution of N. sericeain Korea. Map (a) shows the actual distribution, map (b) shows the potential habitats, suitable
habitats, marginal habitats and empty habitats
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Table 2. Comparison between the area of habitats N. sericea under the current climate and that under the climate change
scenarios (CCCMA A1B, CSIRO A1B and HADCM3 A1B) for 2050s and 2080

. . Habitat type
Climate condition - - 5 - - = - - 3
Suitable habitats(km”) Maginal habitats(km") Potential habitats(km")
Current 2,744 5,037 7,781
CCCMA 2050s 12,030 13,327 25,357
AlB 2080s 13,172 28,211 41,384
CSIRO 2080s 6,217 15,056 21,273
AlB 2030s 4,481 18,316 22,797
HADCM 2050s 14,504 31,975 46,479
AlB 2080s 26,339 35,715 62,054
The mean 2050s 7,444 23,914 31,357
three scenarios 2080s 8,499 41,376 49,875
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3. O[2H7 IR0 MEX| IS

|2 7] ol A ghete ZHAHR O] 52 HEkE
&3] Sfal] ule7]+ Alvte] 2 CCCMA, CSIRO,
HADCM32] AIBE 283t 2050 (2040~2069)
2k 2080 (2070~2099)d 2] AlA Lol wh2 A A
SAE o &3t A7}, n)d 7|5 20509 A S

A& 21,273~46,479km’E == ¢ cHTable 2), 3
7H(CCCMA, CSIRO, HADCM3)2] 7135 AUtz $.0]
A A SE A S 9] A s STl A
oF A2 oF 31,357km” Olﬂtl, Sk WA o] of
13.7%% AAskATh A SR = Asfergos
53299 S2NtE Bt oS E gl

A9 WEo 2= ek, A4, U=, fd
0 7 o= th(Fig. ). E3F 5 A
: E?‘fo% H|Z5lo] Faljet 11044 A &z 14

FHA o] FR7HA] A5H Arh(Fig. 5). vl
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(A) CCCMA

(B) CSIRO

(a) 2050s

(b) 2080s

- 20500 A Ao A A= BA7S-

ofl 4 2T} of 41 Z7hE] WA 0 2 EAE|THTable
2), ul7R7]13- 2080d ol A4 FHA| AR = 22,797
~62,054km’Z ¢ 2= oo (Table 2), 37 7]&A]
el ooA] o2 8 A AR A oS B
sho] AFE3F H2].2 oF 49 875km’o| ™, SHtE |
of of 21,872 AAI31irh A AR Aot
o HakA oo 28t SAN WE, Abelel,
Ao YEo ot 49l BoREE UE, it A
%F 50| Y571 o] 5¥|]
23 &A Z3) &2
o} BakA| ol o] ARTHA FA) ARA7} oIS gt
(Fig. 5). vl2)7]% 208042] 24|Lpe] 24) A%
A WA T A w} oF 6.4v) Z71E WHoE
S4%)9IcHTable 2). v]e7] 504 Gk ZHAL}
wo] A S FA7|ES 7|20 20504,
2080dell 27 27} Walo] oS glrt, 1POC
A w715 Alukel 2.0) B3] That oL o)

(C) HADCM3 (D) The mean of three scenarios

Probability
Potential habitats Sunta.ble Il 0.164-1.000
Marginal Il 0.086-0.164

Non-habitats [ < 0.086

Fig. 5. Distribution of potential habitats of N. sericea under the future climate change scenarios for (a) 2050s and (b) 2080s.
(A) CSIRO A1B, (B) CCCMA A1B and (C) HADCM3 A1B. (D) The mean of three probabilities under the GCMs:

CCCMA A1B, CSIRO A1B and HADCM3 A1B
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