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ABSTRACT

Climate change has affected wildlife habitat and biodiversity. Birds play an important role in the biodiversity of urban areas
and their habitat is also affected by climate change. This study predicted bird species richness (BSR) in the 2050s under two
climate scenarios (Representative Concentration Pathway [RCP] 4.5 and 8.5) in Seoul, South Korea. We selected 11 common
bird species to represent bird biodiversity in the city and calculated BSR by analyzing potential habitat. The results of potential
habitat analysis showed that the relative importance of surrounding green area ratio was 41%. Among climate factors, relative
importance of accumulated rainfall and mean daily maximum temperature during the breeding season were 26% and 10%,
respectively. This importance of climate factors will affect future BSR. The region with the highest BSR will be reduced from
27% to 3% in the 2050s under RCP 4.5 and to 1% under RCP 8.5. The change in maximum air temperature during the breeding
season was an important factor in future BSR decrease in Seoul. The results indicate the importance of urban parks and green
spaces for maintaining urban biodiversity. We identified important green spaces located in areas with high BSR. These important

green spaces should be managed and conserved to prevent degradation of biodiversity in the future.
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1. ME A AL EERO R FARE A= e, BF f71

Aol= A= Qth(Hitch and Leberg, 2007; Manes et al.,
2021). 7|1 SRS BE AAA 0] JFFE F= 89002 F

AR QIS AAIA] Tle} 7| FHske AR S0 2 o o
29 JlHom WBCUPYS FAAZL UtkPimm, I 4] WslE FeiA glon], S5 480 A
2008). BETIPIS GARY Zol A e o2zt T YARES 2Tk 710) 7P RN JFe FE

o~z

2] BRE QA thordLe olu|siy, AFE|A Wi Ao = LEPFtHRosenzweig et al., 2008; Mantyka-pringle et

al,, 2012). w=hA ool 7|58} o] uiet At/

Q1 AH|AE A-Z3H(Reid and Swiderska, 2008). Z1&u+
EA3h2 2la) Aol 74511 AT Bo| Z7jakd
A AEE9 AARA7F ZASEL tk(Hagen et al., 2017).

7\ tst Tk AAIRI9) % TIkgol 2el g L
ATh= o] ¥IeA fth(Mantyka-pringle et al., 2012; Filloy
et al, 2019). 7| FHBIE Qo) ABE] 715 Fo] D

A7 gepd Folgks Aol e 1 QJthManes et al.,
2021).

UM E 7| AETddS AR Ae
2 di&E1 YA, sAHY 7k g o) e
PSS FEAZ 5 Juk= JAE QItK(Choi et al., 2021).
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E35] ZAAE AAA] SN ZASAE T o A
o] TA| W FHEHAE Hostal FETHYdE SXsk] {Iet
717 a3t Q1 WRte & of AZItH(Hagen et al., 2017). LA
E2)= AAnEo] mtEske A YollA opiES] S8
gt AAA] G 517] wiEoltt. whebA g 7| RSk A
oA A=A g3+ setoty 8 =& Hesta
ol Aol BETYA SHolA Basitth

ORYRFI F Y2 ZANHAY F8 AE=E, &
2 APAFo| A ZAISA oA 9] BETHFA] A+ iAol
Hojgith 27+ oE JEEFTEY 54 71 o]F0] A
FEIL Y B 9 WS}l S42% o2 v
2= 917] wWEoltkSong, 2014; Song, 2018). wa}A of4
2He ZANHAY A4S 3T 5 s 8% A
HFZEO0Z2A £9%t 9u|E 7} tH(Yang et al.,, 2020).

ORI 2T MAAY F otk #H i A9
2 giEE FHHEE EXo]goly EXT]E
1S Tt 1 23, =4 7o) 24 EAo] T
F91 AL lom, R F7]ERt oy} 5k
F9Y tFAdol 279 F tFdoll TFE F+= Aol
1= At (Lee et al., 2010a). J-Y] HAEGE ofz}t
9 gy, E FruH HE 5o IS T A
5 5 th(Song, 2015). 3], AI7}2FA| o4 9] o 27
W2 EEHE, 528, AYE, ¥559 1 534 9
gt Aol = AOo=E FRIEHATHKwak et al., 2010).
o] 9oz opYRFI| F Y Aot TaE E
AFOZHE AetE Ao Sl AoE Ueyt
(Lee et al., 2010b). 1} & TS 7| T Hslo = o
TS 9] g Bof|, 7| HStol| w2 A4x]] #s}t d F
thFg wisto] gt oZo] " Qasitt

A B oA 7] THILE QIS EA] Wf oz
7 & uFY HIE AAHAAA] B Bl dotE
A} gttt & S ddoks A REE 2 2o 277t

A4 7Fse 2AXE ehls § FRES olgatart
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o |t
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A2 Feldtel, EA%A BA| F

2.1, g2 9l

AT AL oln] EASE AP Aot =A% 4
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maka 9ol chake opg Rl AAEHT Ut A
ARSHAT. A=A W B2 ASAl AA HA
9] oF 35%0°] sFstH, 1T EAISES AZAl HA |
Z 9] oF 28%°] aFeItt(Song and Yoon, 2019). w2hA]
AEAle o2 RY & SHEE gQlsty| &olsty =
Al=219] AghS B o Agdsith ot o 2RO F
AAAA BEALZ Fe AAE GRSt A=A
et EXNEFEHE ZASHA X
Gk SHg st A AAE BAT
@A A2SA7E 2= 715 49 el ATt A4)7ksAdo
EAE7] w2 i 7] Fsto] it A59] Alg/d
gojd 4 7] wWiEolth. wEkbA '@t AAE hdL
AAFAA EAE AFPstarL, A&A19] A A9
Zolo] MEA oERO] F FREE ALISIIH

2 A7 A7H ®9= @A o104 ) vl Al
H(2050Ath )y ZRIeE AIZHA Q7L viol wet E
AW &, Ay 5 o EHFEE HIP s ¢ 32
U & Aqts 7|l e Y-S wotstr] fistod
715 AT B = 202 ZHYSElrh # AtolA] e
g 7|FHeE HAT|(5~69) 4 X729 BH(E
7|2 w4 o)t
A S T2 A=A ZAISA A 7HT Ho] s
Z2HE 7|20 A FAEA AF W F
B71E2 2 Ak (1) Aoy shHollA AAlsh=
EA7F obd ZAlSA oA AAT 4= Q= AHEA 2R,
(2) AEA A ERE(20158)00 A 2AME 257329
AR T 5% 1Rl 133 o] dollA HHE ¥, 3) &
25 TR 7MY & 9T £ ¢ e BNE O
T HYE S 1L A F 12389 2R U F
o7 AAEJ=H, 7te 230 Fdshd 527t
ool e FH 0= QI3 @ FY 7HsAdol Slof olF Al
g 1152 2F AU 71 (Pica pica), BHA(Parus
major minor), WB|E7|(Streptopelia orietalis), Z)BF2]
(Microscelis H(Phasianus
Linnaeus), H-2HT| QE=0|(Paradoxornis webbianus),
ZLZHo|(Parus varius), Z(Passer montanus), &]8FA
(Parus palustris), =3B WA (Emberiza elegans), 25wt
T2l (Dendrocopus kizuki) (Lee et al., 2020).

5 2UAY AL A3, 4% ATAABARAGE
(National Institute of Ecology, 2021)2} 2015 A &A] LA
A} d 3= (Seoul Metropolitan Government, 2021), AJEf
AL RAR (K water, 2021y E85t3lch A3 2 &

H-U[‘{II

0, on

S

e

o

ofN
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TAFASHH R A= 2006 ~2013, A4 A= 2014 ~2018 = 710 E ST HEH(0) S A= olFF A
A7t o|FojF o, A FEHAYLYRAE 2004 ~ 2018 22 W35 th(Hu and Jiang, 2011; Thuiller, 2004). ©]
A7k o]Roifth. oid AAmE2 tFE 1€o|u 24+ H WAGS E20] ASE A oA A &L &4 H|
1oy 12¥7HA] Ao & A= T A =E SHOE AISH AHoA A S| B2 ol A
% &8ste] T FHRE E4o &3 7b B #oE(Kim et al,, 2014), gto] 191 A o] 7E

T A7 "

2 AFoAe AA E2A4E F 80%E 2F 7Hdol,
el 20%8 2 AR Holo] B8t wB| A
M2 7= ROC(receiver operating characteristics) <-4l
9] AUC(area under the curve)E B3 AAIGTE. w40
2 AUCPH 0.7 o3l o o] Aujste AR

HIERO F FREES TE A 159 A
AAAE A7t &S T FURAL stol 03 11744
Ak 22 A B0 A4

2]
239l MaxentS ©|835} ch. Maxent

A eze 5 wx By

9o 3 P 2 3 Suz peu gue qag OO W SEOHCe s B 00

BEol e getelnl 5 el 3 owg wn EEES T S e

Aetaynes, 1957), Maxents SEAF § SRARD T ek A 2l 9 Hnle.

2 olgsto] oI5 4 ekt el OB Phillips et R Fo VI 2 S

L 2006, A% $of Bmaciel BAE ol g T T AAHS BEAN, £4 2570 3 U
He A9 waules o) JuwAE 27 neol

£8g ol B4 %ol o A2 PEE oK 94
4oz Buslor & A%S Lokl 4 YckKwon, 2011)
2 A7) QI8 ARY AFAIRAZANR, AEA £
AGHERE, AR DRAL AAmes & E3AH AR
B ABAT YoIN FAARIES oz A7) A
23 FZLH(maximum entropy approach)2 &l & HiE
2 AZokE Maxent AFESHE Zo] §-83i0hn was
Ath(Song and Kim, 2012; Lee and Kim, 2010).
Maxent 24 Z3}= 004 1742 9] AA17] FEEE7]
T2 =&Hr) olE ZX|AE YA Zh(logistic threshold)

% 349l ‘maximum training sensitivity plus specificity’

(Filloy et al., 2019), ZX} ¥ 90 m oJWj] 22| 4 A+
of WA Blgg Cujsht FH HARS WhT BB
th EA S EL2 279 AA3 #rEo] Qe 87HA| 9] 1l&
og FESIHAFE, T&, UA, =, A, A, 54,
Zo)(Kim et al, 2021). FATAH Q42 1317 9
o 1k, A EHO AHY], SO RRE | AZE 0] &3
Th(Coxen et al., 2017; Wolff et al., 2018). & Hd319] T
A F2 BF 580 §Ask= Fol7] Wil 5493 64
= WA7IE AYsta, AR 7MY Fa% #ad
MAY) A A8 Y REuE ATHSR BES
ATHKim et al.,, 2021) (Table 1).

Table 1. Environmental variables for analyzing potential habitats

Input variables Unit Description Class
LCC - 8 classes land cover types Categorical
Green ratio Neighbor greenness. The ratio of grassland or forests in the area surrounding 90 m
Water km Distance to water land cover class

Elevation m Elevation of the ground Continuous
Roughness ratio Topography roughness. variance of the height distribution

Tmax °C Mean daily maximum temperatures during breeding season (May-June)

Rainfall | Accumulated rainfall during breeding season (May-June)
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l=0

EX ¢ #E Hps 20199 2ER EXOELE &8
5}9]. 2 #(Ministry of Environment, 2019), g3} Z#= ¥
T 20159 FEA GG EY0A TSI FIte] fA#AL
23S &-85lo] A|ZSIH tH(Ministry of Land Infrastructure
and Transport, 2015). £ HE] A2&7]= ArcMap 10.79] A
E] AlAF7](raster calculator)E ©]-&3fA =5}t upx|at
07 73S 71N AFote d Ml A 7
g ARE gtk AFoAE 3 ST 1 km
x 1km¢Ql 20018 A|o]HE(IC 200) HadGEM3-RA g A7}
£ 283 RPIHARES ARESIITHKMA, 2021). EX|
4 AF HAE BSE BF 30mx30m SFERE 15
513 7] W&o 7| EHSE 30 m x 30 mZ 241 (resample)
T ARESItHAreMap 10.7 E-2).

2.3. 7|83 AUE|0 TE HIF

2 e @ AFE10AH)S VEoR wjEf A
(205099 F FHL HIE A, v|wskelr: & A+
= "9 7]ZHgtol] it JFTE melstr] fistod
20509 = V)5Sl v = Ao g JHslgint B A

oA 83t 7|l A Hav| Ry B TS 15
oo B4 Axrt 2 EAAEES £017] Yot 109 3
= ARSI @A Aol 2011 ~20209] B2,
ol A9 BAol= 2051 ~20602] F-S ARESIATE

o2 7]EH4o] HiejAE RCP 4.59F 8.5 & 71A] 7]%
HE} AU 2 E E853IHh RCP 4.5 AU = A H
o 2A7IA BiEFS S04 210087HA] A B2k
F5E& 9F 2°C oJy 2 Fol& AU 20]H, RCP 8.5 A
Ueles= @4 29 HiES FARE B9E 2571 oF
4.5°CE F715F= AlUg]2o|th(van Vuuren et al., 2011).

(o) LEC ) Grerr

¢d) Elevation

.Mf -

" . T
by P o 5

) Trwax

A79 BAXS YA AA AlFEo RCP 8.5 AU Q
9] 2011 ~20209 A=2 2835}t

24. FQ EA=X| 24

RE g0 F8% =A% 9] 9AS Bl

Ash, 20158 AMA] BHAFE=ANA 2FS5A8| 5=

Al 5 @ EAH oA A AFHAH 2FS ARl DS F

Zslo] vjd) F FHES} T4y BEE v|@eigi vl

% FREE vaE 71395} 9ol He 20504t
RCP 4.5 AlUYE|E 7|Fo= oI

3. 2

A

=

3.1. &=

g
4>
AT

AEZAIY dYRlsy 5 dy, T =AE 2 3
0.36+0.36(‘H9): 0~ 1) gk 7HAH, s =RE 9 Ae
Bt 0.7+0.5 km(HY: 0~2.6 km) T+ 7AW, 1= BHot
63+82 m(*HP]: 3~738m) = 7HAH, BAAD = B+
0.3+0.16(H?): 0~1) gt 7= 2 0= YePs 49
FE3} FZoll= Abgo] A5kl Qlof ik, ®RHAZY, 5
H =Ago] A UEHTh AeAls e SHoE AR
7t BE0] 7] dl2ol ARE FAHOE PO RREY
A=7h A EEFch FAREY 7R R A AREE, o
11718 gt 25.6+0.8°C(HY: 21.6 ~26.7°C) Z= 714
W, F2& e gt 37188 m(HY: 354 ~399 m)

7M. 4 #7122 AR H0] 21°CE 7P WA Yeht
om, TAX7L 27°CE 7MY A YUehth 74 A
Ao wpe} F327F thEA YERLTHFig. 1).

fr ol

‘

(ch Water

e y - P, .‘\.Gumt

u h it 4 T

Fig. 1. Environmental variables for analyzing potential habitats. Tmax and rainfall was the yearly

averaged value of 2011 ~ 2020.
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20509t & FHEO] S EA5H| HoiA =
gt A Hwrled FA g2 AAE010EH)E o
HE F7Foke 202 UehgthFig. 2). ¥ 7|2
RCP 4.5004 B4 27.2+0.8°C(HY: 23.2 ~28.3°C) ZH,
RCP 8.501 A= B3 27.9+0.8°C(H$: 23.9 ~28.8°C) Zf
< Zet 78 Y B9 RCP 45904 B
424+17 m(HY: 394 ~473m) S, RCP 8504 HH
40328 m(*H 9] 359 ~463 m) 3= 2=tk A FHv|
2 RCP 4.59] HI3|A RCP 8.5914 ¢ &4 ==t
I8y 3 ] 39 X7 RCP 85914 T
ARXZ A9 BHFL RCP 4.5904 ¢ =A velyc).
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Fig. 2. The range of current and future (a) Tmax
and (b) Rainfall (red line: average value,
black line: minimum and maximum value).
Blue boxes include 25~ 75% of the data and
red lines mean median value.

3.2. =] MAXIet & BRE WS

ag

Got

ALE gFeR 1159 27 AA7sdE 243t
AUCZ} B4 0.81(0.78 ~ 0.84) 2 =% wggo] Mg
= A0 Ut A tHeE A47ks/do] =2
AAAAE &3t 23 7H], H2H 8 250l A, 24
T29] ZAAAA7E AASA] A HAY 70% o Fe= 7t
2 =4 vEsT o] 352 w2 AU EE AR YRt
AlQlotar, W X oA FAH A2lo] 7ksgt Ao UEt
St Itk 2= sHlEY], v, el IAAARZE AL
A9 57 ~ 62%=E YEFHTE olEE =2 4|9 ZAA o
Al AAo] E7hsRE A0 UEyith niAgto g Auuiat
7], 2o, L EnlAy, AEbll= 30-55%9] A|<9vto] &
AAAAR Z2F 0t E5] 0|52 AAoA= A4 4
UAGE, EAA oA = RE E7Fs3 AoE YET

o 0
=S

Z

A

=
A

—

O

SRk et TAISX9 529

375

et F2 A4 Rie= WeEY 7|k, 7 et A
A7Fs A Eete] BA(C1= MM AA7Fs =7 2A
ERFE Aol whet chas) ek, A4 B Bt
€ 7199%s vt 254 TE2A YeRg AT FARE 3
He Hth(Fig. 3). 7ME &2 7|98 o e FH =
Al&(green)Z Bt 41%2] 7] =E HATh 7| FH42
Sx Ferdaintl)t L AT LmaE 27
26%, 10%9] 7|9=E Hth o] Qo] ik (elevation)”}
10%, StHC2HES] A (water)7} 5%, EH AR
(roughness)7} 4%, EXTE(LCC)o] 4%2] B&Ql 7]
T2 HAoh =FEHUAS e A= Higt 7=t
22%, M) B SFHo=RE Y A 7|q%7} 11%, B
9] AE EAIEL] 7[ox7t 9%E o|FAE UER

AR A7 HETE 24 UEhdE S
gels) 2 23 FHY mA&0] TFA2E 03~0.89
A MA7RS =TT U THFig. 4o). F4 Y] A
400 m7HA] S7F & Fadhs SEFSHHLTEol, A,
W], AT 600 m7H Z7FsHs F(A, 74,
W, o], Yu7e), WISV, mFEUAOE i
otk 91 Ak WA ALA F BREA w4 P4

o] 400 m] 7MHHEAE oA le 2HE 7HA R TH(Fig.

4g). & 17122 25~26°CoA 7HE &L AATSH
w2 HockFig 4. TEE AEATL e 2, TS

300 m 71|l A EUTHFig. 4b). EHO| AA7]E= 0.1~
0.4014 7} &l 11 o] =2 FAFTH(Fig. 4e). SHHS]
Ade 7PhEE AT E R w30

60 T

!

30 [

50

40

+

T
—
20 -

o

=i 4 +
@f?f@@

Green Rainfall Tmax Elevation Water Roughness LCC

Variable contribution (%)

Fig. 3. Contribution of variables to the habitat
suitability model of 11 bird species. Blue
boxes include 25~ 75% of the data, red lines
indicate median value, and cross symbols
indicate outliers.
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AeXe] AANAA T Bgto] 27O B FRES
A A 05 H 17 tgsiA Bxstglon, 1%
ANE BE S B9 BANLAT He 119 o]
Vg B A0E ENHUkFig. 40, Fig. 5). F FHE
L A oA A UeAR, £ W A

A% £ dehdeh 127k e Y O Hr)eo]
YR e A oe 9038 & FRES} @A BAE9]
ok AT ST, SHET U SA7 REG FAXY

(a) Species richness in 2010s

(b) Elevation

o
(c) Green
\_//\\' ’
o s 000 QAN ORAN 020w

U30% 0w0m 0R4B OB

] G0 s 10 N2 w41 G w6
% of (d)LCC (¢) Roughness
’ i
-
i
2L e
e Py e P
g

+r00T 072018 116071 0ZHIB 0303 (B8 0G0 0S8
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(h) Species richness in 20505 under RCP4.5
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ms e
,/‘\,,.\,_\ “I (@) Rainfall
26.126. ‘6“62—26" 13

T Wb OB WeE WU TAM TeE W

(i) Species richness in 20505 under RCP8.5

Fig. 4. Predicted bird species richness under current climate (2010 ~2011) (a), and future (2041
~2050) climate under RCP 4.5 (h) and RCP 8.5 (i) scenarios. (b—g) are the relationships
between species richness (current) and elevation (b), green (c), LCC (d), Tmax (e), and
rainfall (f). Plots show the average species richness for each class (quantile

classification).

rE
to

3.3. 7I=HsiZ Qlst 0|2 & SFL Hsl

257 1159 JARAAA 2dg 7SI AU
RCP 4.5} RCP 8.50]] Fg5to] mjefo] A 2% s}
o} T FREO HILE A& 2, AA-NN= T F
Bz7l 02E 10704 L2A B2 11 ZAH= 1]
o] 7P & Aol vldl, vlFdl= F FFRE7F 01 X F
o] gds] F7kolH, 3 o]l 29 WAL IA HAFH
(Fig. 5). B4 di4 1152 25 QA AA7F Eol50]
T FHL7F 0]l AYo] 7Y AA F7FskeE o]t} RCP
4.59} RCP 8.55 B2 T 79, RCP 85904 & 7
&7t H 3A deidth & 527 1191 A9 dAdE

e § SFEo SXHAQ WskE el Ay, B&

of AFIAA(ETHAE, AL, ERAL SehI gE| B

oMUY (L Aot F FHES LE Fas)

Journal of Climate Change Research 2021, Vol. 12, No. 5-1

o} (Fig. 4 h, ). 9 242 3¢ RCP 45004 = & S+
T7 1~4 AR O ARt =99l RCP 8.5004

= d5E 0~ 12 A
80
70
60

5
0||I|l.|-|-ll||l||.
0 1 2 3 4 5 6 7 8 9 10 11

m2010s 2050s RCP 4.5 m2050s RCP 8.5

Area ratio (%)

Fig. 5. Area ratio for each value of species’ richness
(0~11). Grey means 2010s, yellow means
2050s RCP 4.5, and red mean 2050s RCP
8.5 results.
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3.4. £ A=K 24

AZA] Wolle 3L 22 27520 2550 4,8417]9]
X2 FA= I I ChFig. 6, blue +red). 205018 RCP
455 71202 EAH Y 279 F FREES ALA

Species’ richness

=
[=3

SRk et TAISX9 529

377
o mAEAS} vag A, 2A%A] A F
Bl 152 Uehgon, 1% & 357571 9 o)<l
A& 151708 YERTHFig. 6, red). HiF& A 2
& 529 FH| £Xot1 e HAECIRLH FAA

ol AL AAT-

3T
S
o
O

.

Fig. 6. Bird species’ richness map and current urban green patches (blue: richness in

2050 under RCP 4.5 is under 9, red: over 9 green patches). Aerial and ground

photos are derived from ONAVER map.

4, nE
4.1, X590 F BHE=% 7|5Hs

2 AT MEAl oPYRF 11500 dishA FAA 4
242 o 23, A Aol diEe § A4A
7Ae AOE YeHTH(Fig. 3). AaAl9] B¢
74eeo] 350 ~ 400 mO 2 ekt
o] 2E= BE ofBERFT A7
o] &2 Woo] &3t 23} 20500l A BT
o] 7t M 47HsAdol 4asklth. 53] 400 m7t |
Al HE F2rE Q85z0], FA, Tk, 2EpAfe] A
A7bs7dol 2A AAsH Tt ol FE2 A&
Al ol ] Wate] 24 v Ao weher
YA opxRF= 72 Aol 600 m7t 2 w7k A
A7Fs7del 2513 S7H7] wiEell, 205037k 9] 34
T el T2 WA @AY 23518 ATl 5

7V Aoz woH

d Fir7]2o] M4 7ol = 7lodEe A A
FEO WA (Fig. 3), vlfe] st weier 474
HoE 19 FE W v § FRE dad E 99 €
ASE FerEnt. A a2 |srt A7l F=
Hghe 1159 oPYZROIAN BT FARSH Uty

HE 22~25°CoM M w2 AATRs S EoF
o7t 1 o] %o B F43] skl AAe] A=Al
Bt & FHal7]2o] 25.6°CR 25°CE H& Aol ol
$i= Aol 78, 2050 o= RCPOY| AJHgle] Bt o
#117]20] 27°CE @A "thFig. 2). &, vl € a7
29| ¥sh= A47ks/de] =2 HMAE Holw =i, o]

= & FHEY i) & 79E v & 5 Utk
7|1 ¥R Q1% 712 F7F 279 A7/l F
AAR YFE F= A2 APAFoAE &2 T 5 3
=8, £95] =2 7]2004 HAstE: RFYFE 72 5
7toll Hokst A2 vrebdti(Jiguet et al., 2010). 7|22
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289 ZdA] BPF FFS FE 8900=, sl
Fhe 259 JzdARgl EAE 2 4 9

(Sekercioglu et al., 2012). AAZA 7o) HIlE A 4]
75732 AsHA7] =T (Sekercioglu et al., 2012), B4 7
S WES Z1 WAIE 23 WA ATES BR
o) 7]91& 4 Qt}(Senapathi et al., 2011).

e} RE HYATAA 7Rt <) 2R A
H7l540] ZAEE AL Ptk oML te &
= WglolA Walsle Be) 49 J|THste dd 4YE
o] &7}5H= Zo] &9l 9l o m(Jiguet et al., 2010). 2
flojet AdiofA o7 A E 7T 27
o] ¥4 HEEZ =Y ALSE YEHTH(Wegge and
Rolstad, 2017).

SHUEE IR g AFoA= BA TAISRe} 7]
SRR @A AR A BAE £d&°] HAR
#aglon, BAf FollAe HREY], 71A, B, Ad
g, =HZEue] &dgo] A Aorw =AHE 9t
(Kim et al., 2021). & HFo A= o]e} |ASHA 2050

7153} RO 2 Qls) HAe] WHIE], A, A
g, e g3t 1129 7(1-7\H/\1M;<]7]_ Aas Ao7

dl==i9ic). ofo] wet oz e mEt Svet
A AGolA BAIE A4 7Hs/dol 7]—r‘ﬂ£}—4 FF=
2 Zo= gatdnt QA2 &2 BEAZRA A A<
7] ggol SR=7F AstE7] HARt =A% Fa%
A AulA A2 9TS Shok(Gaston et al., 2018).
webA vl 7| FHESER QIS oY 2T, IFoAE B4
59 T FREY Aae A=A W A AuHA9] of
35 7HHE 4 Qlena ZWst o7 "ash ol

4.2. TAl=X[Q &t

£ A7 o4 J1FHEE 7S 2 Halet @,
EA%AY F24S FAT 4 AT oMIET 47}
S0 Mg 2 TS T RS T X LR (Fig
3). @AEY F BHE Wo} A, Agolut Sl of
Yo 24 W 54 FHolA BREA $A dehbe
o SARTHFig. 4). TAEA] FRALS 7129 AT
A go] Sobg 4 glu], 53] 7 Walo] 2w 24
= gt 2F7F AN S o] F BRES 5D 45 9
tH(MacGregor-Fors and Schondube, 2011; Yang et al.,
2020). 1Y F2A ZAEAE SEAY dAHS] B
£ 575 BHEohs Zlo] EAF0R o unE, T
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A % BRE §A0] 2 A2
of Welsh o] Wasith £ ATk A2 ¥, BE
o AP A EARATL R GBS T 2O
oistdt. olgfat EASAH B BRES §AsH:
ol 9= EA| U AFgIX9Jo] 1 o] HA|HS BR
A7) WOl 3 U IR 3 Breot 4
AR §22 AeiAE FA U ARG nEelT
1 FH0) EAEAE $A0R BEGAY o B
Aolw, opHER AAX BE ] ool Aok & A
ol}.

4.3. A72 oAl

2 a7t BAHY A 71 gol wasls 9
Al 1152 o= 9] & FHE] s EAsE
SFTF. et B ATl Mol ASE Aol gt
Qonz ddo] o7t Wasith & ATl A WA &
Ae 279 AZsEol =R ZFth= Holtth. zst
2402 opYxRL B714e 7FTHNE FouA
ARl AEedL FSck= Aol BRI lth(Karell
et al, 2011). St 71X A2 715932 s 7|AFZ 0]
geEA B4 2889 WY weR St
(Rosenzweig et al., 2008; Griffith et al., 2016). 184 &
AFoflA= HAZIE 5~ 6d=E 117gsto] AAY, nF 2+
Y 71749 71HASE 8-St wher wlFio] A&
4 HASKE 5] AVIE HeIet SIS
13Uy, B Ao ATt & BRE 4%l 4
o}
A 7

Y

o

o]
A= o S AP SAAH HolE 9 A
Ith 2 A= @A A2AelA 7HE Eol & 5
AME Ao E v FAAAA A5 shlth
I8y 27 7IFHsEtE Qs 11 AARI7F EROZ o]
5317] w&Eol(Hitch and Leberg, 2007), AA| 2 v] o=
AR AZolA & o fle EF Y AXAT BEo=
o]5sto] AEAIY F FREE F4Y 4 Utk ol& &
szl o ko2 7|FHste A%t e £/ £2H
stet A9 F 4 Het 59 A7t o|FojAoF & A
ojtt. 3, & AFoM= AR HE BE T =
AE ?Jo}oq Aol A 2AM SAAHES &8skl
oF. SHAINE Apmutth 2AF 7|70 3714 H 97 ha,
ZAPHO] el 2 Wl HiTt 7HsAgo] Utk A
& 7

M =2 S

%9 oo
W, %0 E

l
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Al WA= SRS 8 ATt 7R s Al @
A A9 71EHsE BESAEY BESAEE HRoR
gt ARAREE E8ot= Aol EAN, 2 A9 B¢
HEAETE S =T F2 o]} mlE Al ARt
9] 5UAS &0]7] Y3t o] F-Z RCP A|L+E] 2(RCP 8.5)
9] 2011 ~20209 “&7HS 853t AT o] A2 A
A #= 3 O S qlong SR Yi=tt. E3t vl
of 7|FHETS HIAI7| I T2 R E BF A
o} Bttty 7St Ax B Ao AR dtt V]
FHI} AU o] weka] EXuEo] Dbl 4 glon
A AFA qFRA ASo] Il | TH(Hasegawa et al.,
2017), A9} Zo] 22 Ao dig] d&5}7]oll= ol H
2ol Ut wEkA 2 AT v 71EHETE AZA
25 T FRE "AE TS gt = T

HpREEO 2= 7143 RCP A[U2] Q9] E8Hal/goltt. o
HIEH 02 RCP AlUE|Q g2 7|emdof wet 24 1
Efb=t, 7143004 AlEst HolHe tE 7| ndHET
O 2 2uASS o511 QJrk(Shin and Jung, 2015).
T et 7| ES S8, v F FHEEY 4
=& B H9le A AFE 4 S Aotk

01(3‘1_5

5. 28

B Aol ME 20509 A9 op2[ T FHE

7} 1gdst Qs o9 A WaksheA) EAstel, AR
EA%A7} v OB AR & BRE 945 9% AY
2 ¥ 5 QA BABAT HLA] PYEF FRE
£ A7) A e g Haleo] A4 TFs Ao
2 e FE Ao Ut ndele B4FY Sk
17|29 F7h2 PR AN HaEE Ao
2 ek,

Hjgf oI F F FHEY TAE THE TASEH A

P Fol, ZH}HoE A AH|AE ASHAIZ
2 gy mepA v 7S Rsks 1Eg B4
A #Jrr goz 39T Ao BRIk E5] A Y
I O FHO ZASXE FEstil BAste] EA|o
1oh= o2 F S FAGoF & Aol

|o

=

e o rlu

> ot

A

_I
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ICT7|9E 7 9F87t A2 A 7Ie/EArd el A
AL ol ATLE 25U TH2021003360002).
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