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ABSTRACT

Temperature increase is a major concern with regard to climate change and species survival. This study sought
to assess the adaptability of wetland flora in South Korea to future temperature increases in their habitats. This
risk assessment includes analysis of four vulnerability types classified and graded based on relational patterns
between species’ populations and current habitat temperature. Then, the risks of future temperature changes for
individual species were assessed by analyzing the vulnerability and temperature increasing speed in South Korea.
The final risks were categorized into four grades: high, medium, low, and opportunity. In this study, a total of
489 wetland plants in South Korea were selected and their habitat temperature ranges were examined using current
and projected future temperature data. Analysis of current habitat temperature distribution and projected future
changes was performed wusing fine-scale climate change data produced by the Korean Meteorological
Administration. Future temperature data were projected based on two future climate change scenarios:
Representative Concentration Pathway (RCP) 4.5 and 8.5. The results showed no risk to wetland plants under the
RCP 4.5 climate change scenario, but under RCP 8.5, a considerable number of species were predicted to be at
medium risk. Species under medium risk were mainly those inhabiting a very narrow range. It is reasonable to
infer that even wetland flora thought to be less sensitive to temperature changes are not completely safe to the
level of temperature increase seen under the RCP 8.5 scenario. The methodology for risk assessment introduced
in this study is expected to be useful for designing adaptation strategies for species conservation in the face of

climate change.
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22 7)5ish 4 dote] 1] Qo] 2lam WA} 4
S48 S0e g7 57 BHeRA =ofEn ot (Kim
2015). A|40x} 7| SRSt AE7F T o)A (Intergovern-
mental Panel for Climate Change, IPCC) Z3]oj|A] ZjelE A
52} 7| S 37} R 1A (The Fifth Assessment Report, ARS)
M= 7|ZHskel Ag 9 FoRye Widsl= Working
Group2of| A AefjA| Fe] 2|23 H7F 5l 450 845
7+z%E v} Qlt} (WG2 AR5 Phasel Report Launch 2014).

IPCC ARS9JIA] B13l 71513} 220t wHedgh Afefiof W
|2 HH A AAR SR A, A S 22 ALEE A
AR 9] FA1Ee] gk fige] 7Y A, 38 7% FRRIA
B 23] oA Solet Welal Qltk (IPCC 2014).
B b = Rl e o B ) o Bl o B L s g e |
(Korea Environment Institute, KEI)S =410 2 AJefA|L} At
& 27t skl ARl A] 5-9] 77 FEeA 7]
FHst Iﬂ’\ﬂe 24 9 grskal Qo) v Seuete]
ABEA] 2= Brbe AR AR A ) Bl At s ol
ot 4444 J;‘7l~— AAISHAL Q)AL (Yeo 2017), TRkl AYEy
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A & mEollA olf A= BlAa B7k= Aol o|FA|A] ¢
IO HE ERE AYEA] o2 Aotk

713 S AESTA AAA] Hst] 2 el o
F= UHAL o, AAx|et el dE o Sl 7%
AL A o] Aolsth Aol A7Izke] AT U
ZAE 59 94553 9t (UK Climate Change Risk
Assessment 2017:Evidence report). £3], AJEFEL 7|59
it vhaak vz o] Arert 247] oheksh] w24 F2
SolAQl A4 2EHLIE Holtt & 7| St ot 2=
ool ZF 9 nAe FFe ST+ Y] 99 A=
£ ASshe o] Fasith FATIA] oA 7]5rsto
o3t Fopdolut A 7] Hs} 2|t ysto] 423)E
A= AFEE] Fobd dF 24, ofarih Ao Fopd 3
7}, gt el gheaealte] E‘iﬂ 24, 71513t Ay
Qof whE e AFEaE0] FoH] Bt 5ol e (Lee
et al., 2007; Lee and Kim, 2007; Park et al., 2010; Lee et al.,
2011) it A AEiAIS o= skt Qlek whd A A
Ao rme 715Hse] mE A U] el
el sfel, selofel LA 1089] itk 71Tz

Gl e A} B4, nlFe] 71 FHEl) e 18, 9
W Y] AEAY W 1, 715 Sl ol
AH BT R o] Aefka s14 S (GeBler et al., 2007:
Hiilber et al., 2010: Willis et al., 2010: Nakao et al., 2011)
HE v F o Blaa gk IR QS ol
o3l kAol Bw AsYE|a 9ot

ofe} o] AYejAlof thgt 7|53} 2lme) prdsto] =
ol =8 Ate S4F 9 B0 oigt yigo] dit
20l Aew wdE, 7]t thadt AuEd B WA
EHAE 2] Fash gl vfof| 7|E0] He A4S
AR B FAA] A2 55 $1RE 712 A Basi) o
= ol AEFE 715ske] gkl digt B7PE vl S8
Q| (Pacifici et al., 2015), & EollA9] A1l Ha=
S wisky] 913t 713 Hsto] digh Fofd 9l 2la= HI}
Tt N 2E o83t ws 2 Zd 5] Ath AR
ofof gith.

A o thgt 7133} 2]am Fofl Aoz gho] 7
S5 Q= A Foll sh= 715338} Lof] digh a2
HAZ-o|t} (Lee et al., 2015; Defra, 2012; IPCC, 2014). =,
AA AABIAL = A ”o‘%%"‘é—ol kel i K
Sreof e A5 Ee AAAY olF= F8l duit |
sHA t-e 4= =7l EAloltk ~01 7*#«1 k= Al
oz FrhAor vl ExfAlskA Wehs Wk, A
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o] Kim et al. (2018)2] Oﬂ—",LO]]/ﬂ%
e 3 Srolel A B4S HART, ) L5 4
ol w2 Fobd AR em sk sheih 71 A
Eroof tigt AEF FA-8a e 7RISt 2l
5l Tl 75A0] 2 AEERL o]FA 9] Aeko] & A&
%, 53|, ofatdtoluf ARx] Bl 34F Ao A9 2 AT E
Mol HESH= AjBESolck £A19] AS 718 o5t
S3p FAT) 3 718 R 58 o) Jo HX9 &
FAdo] v 4= Qlrhal B aE]ar Qi) (Jefferson and Grice,
1998; Tinner, 2008). o|i= I 0| W &X] AJEE0] £ 2
A 2tolE 3l @A oldll=l=t (Sieben et al., 2009), A5
Z7 Wiglo) oal A7FAdo] AstEH, 27+ ARY Aske} o
£ St et Bl& ghelido] ofsiA|= wgle] H7=
f&ﬁk 2HH, o] HESA gt A4t 7 G541 S
O o] R0 gkom (Yun, 2007) 21914 utof oJgt 54
Bl A1y} tjREo]1l (Lee et al., 2019), A= SRS At
Sg 53] 7]5Rs) Feke] oA datE Al we-
Z3lr}). oo 2 Ao A Kim et al, (2019)2] ok
b HpAS Sgslo] eluele] BESIE A 44 RS
50| 21 Aol gt Hok HEe} wal} obgEis A7) 5

=

2 W3t AYSHE Paa G PES st o) )
57 4850 2gste] F  715sl] the HBE 1
S 9lo) F8 949 R A el vvie] 71| B
SRt 22 BEE shu 9lek ol 93k, Seete WE
Ao 2 AASHe ABF e BE ARE wigoR 4
25 8 Sl ik Hepy Sgetet vld) 7| 5ust At
ool 7k 80| oaa HIRE AR S st
g SAABE FoPY 2 2aa B AAskct
2, AT

2.1 AT &1 MBS

ujee] Selutet LEAS SEoh BT e 2 vl
=

2 S gfste] B Apo] oAb AEES A YR
Z2 BEshs Alggolth Seluet WESA] BEsia

ol AlEE BERe FALAME A AFohs 4 ik
(SHEAAE, 2011; 2012a; 2012b; 2013a; 2013b; 2014a;

2014b; 2015; 2016)E a1slo] & 602%5S EIslL) ol



=2k 480l M2 2Lt SXIAEe| 7|eHet BN 2lA3 Fot 311

Aol tiRt w32 A AR A3 A=A AR AL
B (AR 2013)E Bl dS o Ao, A 602F 5
AEAL| 27} 2ot (53¢ ofsh) SAIA siHo] B7hstt T2
ABtar v A] 4895k B4l 2% A5k &4
A} AEEL 395 1013} 2854; 489F 0 & o] F FX|AE
< 105, HAHES 63, IARES 473F02 UEpith
(Table 1).

2.2 22[LtEte] 2= 2 H3} Xtz

2 Aol g3 fuety] 2= i WSt AR
= IPCColA Agtstal Sle 2A4A7IAY dHEs=d=
(Representative Concentration Pathway : RCP) AJU2] 2.0 7]
HEeE 7178 54 mlE71 st oS ARl E@ibAl Akm
ofck (ref). HIHIA AR = 714474 9] HadGEM2-A0

Table 1. The taxonomic numbers of vascular plants
used in the study

Taxa Order | Family | Genus | Species
Pteridophyta 2 7 8 10
Gymnospermae 2 2 4 6
Angiospermae 35 92 273 473

Dicotyledones 26 73 192 319
Monocotyledones 9 19 81 154
Total 39 101 285 489
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RCPAIUE] @0 7R Aall =
A AT 7\ ek ARE AESHT (135 km 37 ), 4|
23] ot Aplsh S
A7 5, deel AgA B4l welE A% 1 kmigel 4
3 Am=E AEoh 53], A8k AAEl 2ol
20002010971A)1& A 7|3WH3} EE ARRSIgoH
2011~2100E7}%] RCP Alut2] @ H= A=A 2 ko]
A 7180A Algshs 1 km = G2 dA
(2000~2010)9] F7HAQ1 Ht 2= FZARES B85l &
A g g W 2ok HAS ANsiglen, ud &
T Ao k= g]AT = RCP 4.59F RCP 8.5 AU 2 7]4k
o7 dSH dHd 2= £3E ARE AEACE A5
B7Fek) & Abmol] &8 2% Wt ARs 71 7%
AR EY (http:/www.climate.go.kr)ol| 4] A|l-&2HS 4= Qlch
713749 dZol wE SeuEte] 2 i ¥iske AR
7| oF 11.7°C=HE AJ2Fste] 2100 9]li= RCP 4.5 AJute]
2 A8 A] 14°C, RCP 8.5 AU 2 7|5 17.1°C7HR| 9] A%
5= Hojet) (Fig 1), mbAl, Hat2Ql 2 s &
= RCP 4.5 7] 0.027°C/¥, RCP 8.5 7] 0.062°C/A A
Loty 7t Aed == 109 @] olsEHHES S At
RIEAT pelE RIS 228} S9ltt Fig. LolX] 8
oz FAE Jo U AA 2|99 2=Rst oS 4
3} gholl A 90%olde] B gES HolA H= A, i
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Fig. 1. Temperature increase of South Korea based on RCP 4.5(A) and RCP 8.5(B) scenarios. The black bold
lines are the means, and the shaded areas indicate the temperature ranges between upper and lower

limits of annual mean.
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A Wgh & A7 2= W Zolle 2 Hsks gl 5, &
2juete] A=Al et 2% gho] Ayl e Aol S71sk=

2.3 SXA=9| 20 thet Fotd 2N

B Aol BT 39 Sl U Ve £AE B
Hopgel RRBHe AT RE YBFY ANA BE:

SRy oieh, Seuetel o] A A7t ohd AlgHA
wAoAS] R RS chopet 4 qliu, ek 47b £
o= RS 4= Qo (Fig 2). 3 ¥4 53 (Type Ay 2t
T &9 Hlxo} 2xoto] AuAE A ol

© 24, Kolomgorov-Smirnov 4%S AA|51o] AE3}4
o5e , Zoeele] B4 Lude Mselel ulg) $eht
2}e] gz Wo} Aol weh vizeHA| Fe A 2 F
o B 4 ik F WA §7 (Type BIS 0] 27 4l
7} S 5948 B UEE o) RS wol
= TEEA, SEvElA e 2 SRAAE Hole &
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=01 ool &3tk &, ol PRt 2= Aol wet
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Fig. 2. Four conceptual types of relationship between
temperature and spatial species distributions.
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o] I BAE Hole FEolth B fEuEtolA Ergt
AAS Hol= F50] olof &b Sejukete] vl 2= 5
Toll wje} 2oz MRS oL Fo| olF et
AjAle] 1 Ao wet HAx) 44 SEsL TIgk
gelxich ool Type BSF C= SAH fo4 (pvalue <
0.05)2 Zr= Pearson AFAIS 04 oA E= -04 oJ3l=
Flom zkzt ek vpxako R, o] W) 43 (Type
D)2 Al4Ae] £ I Holr) j$- 57 ez S50
< IR 2 AR 02, GRS Hol= Type A
%50] £ W9l 9 quartile methods] w2 AR
o] A1 E9)4rol| 3iEél= S5 narrow range species
B2 RS Aot} o]F T2 AAIE9] He7t 53] At
o)1 |47} AL £ 24 BE Thermal Specialist= &
79 2 910w (ref), Solat AARAL Bag s L=
W SE 5 BRI FE UAHSIE 1 Hu Ao
= wehEo] s)Fuslel uj FHoRt Aom dpiEr
(Buckley 2010, Iverson et al. 2011, Crossman et al. 2012).
SA AEEE Foll Type Dofl 83 5= T2 2% £
olo] z17)7} 47 olskAw 2 ekt of gl 919] 4714
Righe ol 5510 QAL BA fol (prvalue > 0.05)
o] UehA] 92 52 A Am=e sj4o] Erhstt &
S& E5rote] BrhollA Alejskiich
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stabr] gt Zolck olygt B WAl F 5 (2018)0014]
U EE715S 8t Hod B7F A S =Y
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7k S AR AAR] 2w HEXPEE e L KU
25 oke] A siEle] wt #eky =5 (Type D)l g
Sh= B2 34%, FI9Hd S (Type O 7%, FoHd #&
(Type Ay 264, 3o §la2 93502 HA| 449 &
489% Z 77} 7.0%, 1.4%, 54.0%, 19.0%% LFERJTH (Table
3). Y] oF 15%¢°] sdsh= T52 A4 v Heto]
71 TER UEhdth 2 dAollA] diite R 4kl Q)=
o] HA| AEo|UntE 2k ¥izlo| digh g A
2 Ao& Yestt
_ir]ou% :dy]. 7&134. glolx] ZE o EH/K}—_QE o /gé o(-];z‘;)k
of] gt 2]A~F4= RCP 4.5 AlUE] @ Adolal= Urehb] ekt
T} &, RCP 4.5 AU @ A9] 2 A5 S 54 A&
o] 2ot TR HFF AAR] A ARdol| A FA] 2T 4=
Z2 ol Aoz gk RCP 8.5 AlLbE] Q. Ao =
Zb g)Aa3of sl Fol 19F, W2 i) siddts &
o] 1365 0% Ueht= 5, feuete] vjEf 2= s &%
of wet maf e2 Yot wol debd Zew wekEr
(Table 3). B]Z, SA|AEE] Tt FopA B o) 53t
S oMY IS Hol= 50 A B4 FollA 15%
ol YeRAIRE, | gjAa HrholAe w2 53 Kol

T =T odH=

HJ rl
AL 01-)1

Table 2. Matrix analysis for risk of temperature increasing speed for species and definitions for risk categories

Year 2040 | 2060 | 2080 | 2100 Risk

Definition

High vulnerability and limited adaptation chance to temperature increasing speed

<

%‘ RL High vulnerability but adaptation chance to temperature increasing speed
e

o

Ei; RL | RL RL |Low vulnerability and adaptation chance

<

No Opportunity OP

Temperature increasing becomes rather opportunity for species expansion

Table 3. Results of the risk assessment based on the RCP 8.5 climate change scenario

2080 2100 Risk (RCP 8.5) Number of species
Risk High 0
=
g 2 Risk Medium 19
g
= 29 105 Risk Low 136
<
Opportunity 93
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