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Abstract: As climate changes, it is necessary to predict changes in the habitat environment in order

to establish more aggressive adaptation strategies. The bioclimatic classification which clusters of areas

with similar habitats can provide a useful ecosystem management framework. Therefore, in this study,

biological habitat environment of Northeast Asia was identified through the establishment of the

bioclimatic zones, and the impac of climate change on the biological habitat was analyzed. An
ISODATA clustering was used to classify Northeast Asia (NEA) into 15 bioclimatic zones, and climate
change impacts were predicted by projecting the future spatial distribution of bioclimatic zones based
upon an ensemble of 17 GCMs across RCP4.5 and 8.5 scenarios for 2050s, and 2070s. Results
demonstrated that significant changes in bioclimatic conditions can be expected throughout the NEA

by 2050s and 2070s. The overall zones moved upward, and some zones were predicted to be greatly

expanded or shrunk where we suggested as regions requiring intensive management. This analysis

provides the basis for understanding potential impacts of climate change on biodiversity and

ecosystem. Also, this could be used more effectively to support decision making on climate change

adaptation

Keywords : Bioclimatic classification, multi-climate models, Northeast Asia, Biodiversity, Conservation
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Figure 1. Location of Northeast Asia and land cover map of the study area obtained
from European Space Agency Climate Change Initiative (ESA CClI).

2. g7 =

FEopAoe] AE7|SHY 75 d nl 7|5
o} %i'—*#% A3t 71322 2 WorldClim(http://
www.worldclim, org)ol| 4] 30—arc second(~1km)
o] B =R A|FsHe Version 2.09] #A) (1970~
2000) 7| AR FA 72, M7, B2, %
o) 9 G g FE AL A] AF=2} Version 1,42
njef 7|38 5 o]-&-5t cHHijmans et al. 2005;
Fick & Hijmans 2017), u|g}7]| 3= &A7}A A7+
gAo] s A= B¢ RCP 4,59 247}
28] 27k glo] A9 wiE FAIE A&t 4

RCP 8.5 Aluhe] 2ol whet 3738 2050 (2040~
20604)3} 20704 (2060~2080\) 9] 7| T A& E A}
83Tt Worldelimol| A= 5 1970] A AlA| 715
2 E(GCM, Global Climate Model)2] A2Z A5
star Qlou, & Ao A= RCP4.59F RCP8.5
25 BF Agste 174 715299 FARRE A
83} tH(Table 1), E3F JE7|51S | AYEEZ

35S ghotslr] €3 European Space Agency
Climate Change Initiative(ESA—CCI, https://
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Table 1. Climate projections data from GCMs provided by worldclim. The symbol X’ and ‘O’ indicate whether to provide
RCP scenario data. In this study, 17 GCMs were used excluding CESM1-CAM5-1-FV2 and GFDL-ESM2G which

do not provide RCP 8.5 data
GCM RCP4.5 RCP 8.5
ACCESSI1-0 ¢} ¢}
BCC-CSM1-1 ¢} ¢}
CCSM4 ¢} o)
CESM1-CAMS5-1-FV2 o X
CNRM-CM35 ¢} o)
GFDL-CM3 o o
GFDL-ESM2G ¢] X
GISS-E2-R ¢} o)
HadGEM2-AO ¢} ¢}
HadGEM2-CC ¢} o)
HadGEM2-ES o o
INMCM4 ¢} ¢}
IPSL-CM5A-LR ¢} o)
MIROC-ESM-CHEM ) @)
MIROC-ESM ¢} o)
MIROCS o o
MPI-ESM-LR ) o
MRI-CGCM3 e} o)

= 1992~20159] A|AE EA T ELEE 300me] 1L

SR At Glow, FRotiloke] ANLE

& 2 9rgstal §lo] 715wstel| whE e wst uhot
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Ho g glAlyt 8840

%5 v} Ql= Metzger
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451 cHMetzger et al, 2013b; Zomer et al, 2014;
Soteriades et al, 2017). Metzger et al.(2013a)<
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TS AR T AR A4S Tl 5

A79) FRW4E AZXA4(AL Aridity index), A

A5 A(GDD, Growing degree—days on a 0°C base),
7] 22 AAA (TS, Temperature seasonality)d} 2+
AfzdrAkeko] A - A (PES, Potential evapotran—
spiration seasonality)S =<3}t

ALE Q1 FAF AR} ] v At
A2 (A1), D2/488 A 5 M 549
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Al= ppr (1)

PET=0.0023 x RA x (Tmean +17.8) x\'TD (2)
(PET: A5 AN, P A7, RA: e Hj AL
o], Tmean: 48 H+17]-2, TD: Y8 2= 9)
GDDE= A]Ao] o] oA eko] oJeks. olojol YL
B4 AW A4S v AR A4
(phenology)& <l5317] $1al *}%—Q A
A o=, o BEgk AL A LEete] Aol
fo% AUHCHAY), CDDS| REE $Holi} 2
20) 735 Howe] et 7]E0R Be 4 9
o] TY7IFA ol d2 o]-&E |ttt (Booth
1990; Mackay et al. 1996; Coops et al. 2001;
Kim & Yun 2008), 40| QA 2=H dow
AAELE 002 ALtstn] YAl == A5 2
o A= 2 AP O] F5rof wheh thErH(Lee et al.,
2012), & AtollA= o Bat7| 2R 2 GDDE +
gobe e ol &okdlal, A YA s W
Floll sk ANES 22st7] $18l] Metzger et
al.(2013)¥} wE7HA = 0C = A skglch

Tmax + T min
2

(Tmax: € Z|t| 7], Tmin: Y 47|, Tbase: YA
25(0°C))

GDD = max( — Thase, 0) 3)

7158 ARAL LS AF/A7 it P (water

balance)®l] %32 u] 2™ (Yokoo et al, 2008), TS

(O'Donnell & Ignizio 2012). TSS| Z$
S Tom(Xu et al, 2013), AE9 FHI &5
of Y WA A Fx felo] FFS
(Sheldon et al, 2015). PESY 7|23} 24 A=
2 s 5o 932 T2 (Ren et al, 2012)
7| &R gtol| gt e A o] A wshA] wkg
(ecohydrological responses)< ol &35}al o|-& 7=
FEFY Bz ghotele o Fa5ttH(Liu et al,
2017).
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o] g-5lo] 2= (MLC, Maximum Likelihood
Classification)& &3l MFsteict, =2
Edfoly Hlo|ej52] Fatgkat tlolE 1he| A, ¥
BEAF IS EA o7 = BERWM O (Jeon & Cho
2000), Aol @A 7190 £ pA|3kstaL, vlef
AEARE o1alo] B9l 7152 A At
S0 RReTt

ol

9 A27\5A%9) =47
A4 FHotAole] HE7|S
3 479 8 HEV|THLE

?’tﬁ‘ ]'}‘3357]—1‘{
l,—_x4 PAZaC1S Eﬂ F9 Ag

rE
tol
Mz
>

ox

2~ i)
of

e

N

12 e
Az 19
H

[e)

>

ruE
ovr
lerEH
ﬁo“—bm
202 gl Mg
o T 4 o g ox do

AN
o}, E3F AT EE
o f 4

S e A Tk
37709 class® “gA|BtE] o] 3= EX| T
23+ (broadleaved, evergreen), —,‘§
(broadleaved, deciduous), A= H4E
evergreen), 932943 (needeleaved, deciduous),
=5 9 (mixed leaf type), ™ (shrubland), %A
(grassland), sparse vegetation, %73 A|(cropland)
9 7]ek 219 0 2 Y EFEIGIT) o] & o8kl AE

715de W A BxWA 6|8 st AT}

Hold

19 o
Of

o

oz
=h
Hel
e J
ot

£ o mlm

ut)
)
R
ol
-
N

o
D

HL
iy
il
o

L J
ik
jincs
r
o

A (needeleaved,



9% - UHE - BAIS - MNP / 1E7152HS B SHOMI0K Ol MEVISHY HEEY 495
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Figure 2. Current map of four variables (a) aridity Index (Al); (b) growing degree days (GDD); (c) potential
evapotranspiration seasonality (PES); (d) temperature seasonality (TS).
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WA} 7)1 BF AEA Zpol7) AA| Ler,
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© A Ao R o5 HYES AEFAl 8
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A4S st HFA oz FEOM LS 15719
AE7|$UY R S8k THFigure 3).

157]2 23 7|92 5E 119k A
oA H&E HE A9 o2 1H~15H Fgos
g5t cH(Figure 3). Appendix 1> H¥E A
o) g2 B4 utofelr] 8f ik, V)2, A
off thsto] bkt 22, HAES Urehd Zlojot,
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HoJup FRofAJotofl A= ANHA o7 52 2|99
A&7} T, BAjore] LB ROl S E3el=
SHOM ok 7H & 1A% 19 Aol
130m= 7V & Bt =g, $5Y 3P0
3ok 159 Aol oF 163me] HH o2 7
=S YR, o]9F 22 Ak} §)= Ao
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Figure 3. Fifteen bioclimatic zones of Northeast Asia.
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Table 2. Percentage distribution of forest type by bioclimatic zone (unit: %)
1 2 3 4 5 6 7 8 9 10| 11| 12| 13| 14|15
Broadlevead,evergreen 0 0 0 0 0 0 0 2 1 4 4 1 11 12017 | 19
Broadleaved,deciduous 1 6 | 14 | 27 | 25| 20 | 15 | 27 | 22 | 20 9 | 12 6 1 1
Needleleaved,evergreen 11 14 9 3 1 1 2 3 4 |15 7019 | 14 | 22 8
Needleleaved,deciduous 70 | 66 | 28 6 1 0 0 0 0 0 0 0 0
Mixed leaf type 1 3 1 0 0 0 0 0 0 0 0
Shrubland 12 3 1 1 1 1 2 1 3 2 3 8
Grassland 0 3018 24| 22| 19| 16| 31 | 18 6 2 1 0 0 1
Sparse vegetation 3 0 3120 | 21 3 4 1 1 0 0 0 0 0 0
Cropland 2 1 5 7019 | 49 | 55 | 27 | 41 | 41 | 70 | 47 | 57 | 45 | 48
Urban 0 0 0 0 0 0 1 0 1 2 2 1 2 1 2
Water 0 2 1 1 1 1 1 2 1 2 3
Others 1 2 8 7 7 5 11 8 3 4 9| 10
1=E Yehls 158 Y@ 2173071 I dizkA] YA EEe) oF 50% HErt 4~68 EY
3] S7hhe FAIE Ed vhd A Al of 24 s, T FEFA oA 49 U
A5 g 244 % AR 5o 9 dev O - AT AR FES UEhd, We W
ojofl whet 71 HH A= o A7 15W Y A AHASH FATE, BRA o A= 28 Y9
of o 1,722mm 1 F& o FeFe HYov, B sHEoME o A9 HA &
=4 715 A9s 7P gol 23ek= 5 d Yol Z oot B} Ao A= 11 Ao Fax oA
oF 449mm FA 2 7L ekt o AR ARO.R BEATG AZHYSAL B o
Ao BEL A4 /1T JFL WOl Wl W TR AP d B SIHTHe $5 R A9
wol, AE715d9e e A5 % S-S A I ot F41 5ol 99% o)/dol 13~15W Aol AA
sto] AE71$ 8 225 AN BEAR} vl wEst, B AR EA 0] S5 £ 149 Y9
Wik HHA RS HAoF FEHTe S EEFAY AR B vehdt A A
E3te] AA 9] WAL f2o] fAshe Wdigoez e W TH A7 SAEHA] gRon 89
RE71FHY $2 1, 291 Ao X Exsin], & A7E 159 7R S71shs EERES HAlT,
Z LA 29 Ao AT FARE P ZaHY9 Aol gArlol FeAY 9 wiEAl f2
Uehdch, 1Ho A 551 H o Zps aste 5 O] 2~4W HHof| A of 83% olFo] sk, 6
ME Holm Fx511L, 5~158 HYoll= o o & B = A =t
AetA] etk AEHErdES H9dged 2 Ao Baofs 7] ofy e XY, g,
Hep oo N o] BRWE 293} S, di EE 27} B 5 ThRE 2.Qlo] Fake nAH Yozt
Aol &gk, 29 Poo| F2 Laste B A ©es| 370 I ohyet 1sk A S
SRS 2 Ay A A 71t gk & A7HA Q3= W=tHLee and Lim 2002), w2}
St A Agegoln, 10~15% B0 AA A A 71eRte g RRe AE7|Sdoo] A £
Aol EEshs FEHArHS I AEAGTH oF o] AA5HA| A= A7 EARI, AR,
il MeFd oz A a7 el £29 FAS
SAEATHE T FEFAGA Y ke SRRIFe =M o= Fe A& A4 Y= nAl=
oF & 2o AHAE AXH T SEF BoF A 7154 8912 s qickar sekEc
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2. 0j2f ME71= Hat 2M

7133 Ak 2o wE 177) 7|52 F 9] o %
23g EAst, Bmd 7k Aol & Saf EEAALS
B7}sttt, Figure 4= @A (1970~20004)¢] 3
T 71222 v (20508, 2070s)o] thgt RCP
Al 2 Fe =7 S50 HakeS e

Qlt}. Figure 49] Box= A% 75%2} 3F4 25%2] ©
915 yehl | AFekal 518l (whisker)2 ZF Box &2
e Lovl e gk 5 ey 2idlks A28t A
R 7|FHY o& Ao 2SS Aueith
ol zHstAL nEek gk o]/d A (outlier) &
Boxplot BPZZ20] Ho & epdt}l, Hubz oz Lﬂ
£ BE A 71 Hagho]l S8

205OL:1 2t 20709 7t RCP 4,5X.t} RCPS, 5

NA7H e o] F7ksHe AL ST 4 gl

ALz A 7| 5ol A Bt B4 0= oF 3~4% 7
= F7Phs AR ASEAL, Aue] L.t 7|7t
ohE 2fol= A G Al9] S7k= 712 o=

(a) Al

& RCP4 5&4
RCP8.590 4] @A A 57| L}E}‘* o2 A= ]l
2 WET} v|aste] GDD7F /M 2 7S Y

el on o= GDD7} 7| ZHslo] w2 7] & A
& AHA o7 vgdFy| yRo|t} GDDY A3

7k Al A s, AR AT Rl
& H3kE o71E £ 9SS YulEth(Kim & Yun
2008). PES %A] GDD®IZ}e} FAFSH 3 =41 E U
Ehl o, MokE2 i (RCPS.5, 2070 tH) B+t
oF TP W3}%o] A9ktt, TS Bt oF 1% X*Eﬂ
S7HER, 7P AA Walels 2 0R 9 SEQ]

717roIut Alvhe] 2.of whebA = & 2ol L}EMXI
oottt PESS}F TS| HaheS Fa 7| S stof u}

(b) GDD

RCP4.5,2050s RCP4.5,2070s RCP8.5,2050s RCP8.5,2070s

(c) PES

‘°TLL%
_HTT ....... ..............
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100 (TS
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Figure 4. Average change rate of main bioclimatic variables (a) aridity Index (Al); (b) growing degree days (GDD); (c)
potential evapotranspiration seasonality (PES); (d) temperature seasonality (TS). The top and bottom of the box
show the top 75% and the bottom 25%. The horizontal line is the median value, the dot in the box is mean value

of GCMs and the dot outside the box is the outlier.
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Figure 5. Spatial distribution of change rate (a) aridity Index (Al); (b) growing degree days (GDD); (c) potential
evapotranspiration seasonality (PES); (d) temperature seasonality (TS).



e, PESS] A9l AlS) A A3 el
dik, sie 917 A elolq PES7 7haaha, g
oJo] Z7lelei}, ol HEA LR AAZ WAL
A Aol7h 2Hod ak QA Aol A AR
o] Fashan, AR Aol7k 27 et e
& wr} AgAol ZAskE AL oulai, = 71%
wislo] ofs) PESe] et o} 7]%:2] E4lo] 72t
Ao ofadt 4 9l T8O A9 Wshe A
7} B wzof @) o) 7] ek, GDD 2717
27 ekt Sl B2 2| ool S7H5aL, 4]

of FEA YN Fridor & s Bk 1

(]

of

(a) RCP 4.5, 2050s

24%
2004
35%
41%
47%
53%
5004
65%
1%
6%
82%
88%
94%
100% &

9] g A1

Yo, P ) oo 49, Hakel

gh= 79| |isict

2 789 WPt 37 gt 3
TS ¥

I ek 4= glom, HubHo g B EA] o]
G obx] ol i} 20504 th R Tk 2070 thofl A,

RCP4 5A1Ue] & 2o} RCP8.5 Alube] Qoj| A &3t
/o] A Yebsdth(Figure 6). &4 2 17749
7|55 9] Auts FHsto] 7P B mF oA o

(b) RCP 4 S, 2070s

L 4

Figure 6. Percentage of match among 17 global climate models (a) RCP 4.5, 2050s; (b) RCP4.5,
2070s; (c) RCP 8.5, 2050s; (d) RCP 8.5, 2070s.
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Aol AA ARt 6~108 FHI} F= - St FAG7A DA F d99] B2 A2 v
o 14, 15¥ FHL2 HAo] T vhd, HRUS gt otdd] 7|57t FAeke AC® A = Q.
YRR 1~58 AHT} F= T SfHo] e FZo] HA Y gt 7Py 2 W9 29 9o & RCP
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Figure 7. Distribution of the 15 bioclimatic zones in Northeast Asia based upon the majority result from 17 multi-model
GCMs (a) RCP 4.5, 2050s; (b) RCP4.5, 2070s; (c) RCP 8.5, 2050s; (d) RCP 8.5, 2070s.
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Table 3. Distribution percentage and maximum change rate of the 15 bioclimatic zones in Northeast Asia (unit: %)

Bioclimatic Current 2050s 2070s 2050s 2070s Maximum
Zone RCP4.5 RCP4.5 RCP8.5 RCP8.5 change rate
1 9.83 246 1.48 1.89 0.46 94
2 18.27 13.70 12.17 12.28 7.75 -10.5
3 7.00 6.55 6.88 5.30 6.30 -1.7
4 7.94 7.55 6.39 8.10 4.84 3.1
5 9.24 8.00 7.04 7.78 6.21 3.0
6 7.85 10.55 10.50 9.62 8.97 2.7
7 5.71 11.92 14.79 13.55 18.37 12.7
8 2.64 2.50 2.01 2.58 3.18 -0.6
9 3.49 4.13 434 4.51 5.16 -0.6
10 2.61 443 5.65 5.48 735 4.7
11 2.90 1.48 1.18 1.45 2.04 -1.7
12 3.90 3.54 3.23 3.04 2.65 -12
13 8.10 5.99 6.26 6.25 5.36 2.7
14 6.70 10.10 10.28 10.19 9.54 3.6
15 3.82 7.10 7.79 797 11.84 8.0
7P EEO| ARt L 2/ Ao HA fas V1S 5 s 20709 E HSEgie 2 BAskalth 2070
Hsto] wet W Eo] BEC R o5 shHA 2 A o] RCP4.59F RCP8.5 AlVte] 2.9 A 1 9=
o SIS Holut Rlo] 729 U 4 Glo] T BE WSS Awun, BEo] 91X3 154 AL
o) 29 ATl ofg ol Tk WA B AT thiK Wele] IAR BEOR guL Y
11~130 AL ofle] 7| FAe0] B4shet Mwrk 912 BT 4 glof WA ] LEMIE vho}
Aol 7} - epolatibil S uhit o o)/ &skA| et o glong AAl s oflAl= Akt d
T 548 A0 BebEt, 19 FA) % vlefo] BRI wE A ol 2
g FHOR U MakE Awun, ¢ Hb Unjx) AL W] Sl Ueln g4
A At Aol YA|sHE 128 H o] A2 7 She door & 4 3lal, 899 ooy |
T EFRACN A SR, FR IR DY At 349 deke Aole] HAste AEE
H dEA ol A5k 1397} 149 Fo] FHAY ol A4 gk e o] Wtz Qe AEs AdTe
o EA SAst= AR A ZE et 7129 Yt o] g2 ZoR 4T 4= 9t
S YR AjshE 109, 11 e 23] Bake) E5t wo] Z7le Wel(EH~104, 1431, 15%)
of gAML W F3 B AMAGOR o Fe 5L WYY YIEHE Zo] 44 APYL VISH
STk, APkl $aoli 7V TR RS Aol SIERE Zo| ashs AlER FRY & ok,
A 1~39 HH L 7| TS = FAE oL, 79, 8¥l, 109 52 A9 FE LA
02 BUNI ol A~68 Ae 37 Fhue & 2w glo] BEo WS Shjstu] WAl
2% Bhlg 4 9olek, Z7kich w69, 0¥, 14¥ Wol5L U B
BE715899 o] s =S wtofslr] flsf dd Aol §43] BAste] §E Ao ¢ ol 1
9ol TE BEWHS Violin plotO2 Uehigleh  Welo] 71T ot E45HA) oRe ojo] waygih, =
(Figure 8). 7|17} Alute] 2.0f whe} #3te] 7oA B0 20| HAL F7I5h EE A Hof| 7|57}
<& FASE] wizoll, Hek SRt WekE gl 2ok A o] A= AaFol gt #el7t 2
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