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ABSTRACT

The objective of this study was to predict future changes in flowering phenology and suitable habitat distribution of
Hypochaeris radicata. As the climatic environment shifts due to climate change, the phenology and habitat distribution of
plants and animals within agricultural ecosystems are also affected. To assess and anticipate the influence of climate change
on agricultural ecosystems and to establish adaptive strategies, it is imperative to accurately predict the phenology and habitat
distribution of indicator species based on different climate change scenarios. In this context, this study aimed to ascertain the
effects of climate change on agricultural ecosystems by predicting changes in the flowering phenology and habitat distribution
of H. radicata based on shared socio-economic pathway (SSP) scenarios. Our analysis revealed that the first, maximum, and
last flowering dates for H. radicata are expected to shift earlier with climate change, more so under the SSP5-8.5 scenario
than the SSP2-4.5 scenario. As climate change raises average temperatures, the growing degree days (GDD) will shorten,
leading to earlier blooming periods. Furthermore, the suitable habitat area for H. radicata was 2.09% during the baseline period
(1981 ~2010). In the SSP2-4.5 scenario, the suitable habitat area rose slightly to 2.28%, 2.51%, and 4.68% for 2011 ~ 2040,
2041 ~ 2070, and 2071 ~2100, respectively. Under the SSP5-8.5 scenario, the suitable habitable area for H. radicata was
projected to be 2.77%, 13.25%, and 23.61% for the same time periods. Being an alien and agro-ecological indicator species,
changes in the flowering phenology and suitable habitat distribution of H. radicata could impact native flora and agriculture
in South Korea. It is therefore crucial to persistently monitor and assess the ramifications of these shifts on Korean agricultural

ecosystems due to climate change.
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Hoto] =S UIAHIPCC, 2014), HEAEH A
AR & slo] mZFstHA ¥hEst7] wiZo 715
WIS golshs 2% A#E &8E & Uth(Andrew
et al., 2013; Burton, 2003; Gonzalez et al., 2010; Hickling
et al.,, 2005; Kim, Choi, Cho et al., 2021; Parmesan,
2006; Roy and Sparks, 2000; Walther et al., 2002).

AES  BEAELE dvdoz AEAE(plant
phenoloy)o]2hi 51 grol, g, As}, sl A4 Sol
Qr}. B3] 7| THR lgt 7|5 o5 A, s
O} Zre B dAto] A|7]7} whebr| 1 9lth(Badeck et al.,
2004). F=o] 385% A9 R AL 19909 eho]
Bt 4.590] AFAFIL o] F 5152 15%0] el A
©° =2 HIEQth(Fitter and Fitter, 2002). &2y}t 77 Al
B5HL, kel A, ol W, W2 9 o
Aloho] BEAE AHE(1945 ~2007)5 EA3 Aol A=
ot 9 iSEAI7]7F 0.7 ~ 2.79/109 9] BISHER Hetx]
AL ltH(Lee et al., 2009). FEAE] hgt 7155} FoF
24 9 &2 AsiAe 7S ZA TRt 71+
AR F AEAED THo] Qe A 7T QIR A
o] Z 93}t FAaAARL L (growing degree days, GDD)+=
FAEY FEAE dSo] &5 ol gom, HTol= 7]
FrAstol| mE BEAE WSt B4 Aol ¥IWsHA &8&
F 31 1th(Bonhomme, 2000; Hodgson et al., 2011; Kim,
Choi, Choi, et al.,, 2021; Nufio et al., 2010).

AEY AAA] BEE 78, EY AF, HE € A9
821 5o 9F= o, 1 F 720 AeEd2 A &
Zo| 383 9102 Zr&3lth(Hirabayashi et al., 2013;
Rosenzweig et al., 2008). S-Hol|A 19943} 50 Zof
SATATAIGRY] BES vlTT AT} BAT AL o
Qg om, ofejst ERLMSH Al%o] A 4 Y 0T
5249 o5t A Yok BIEYTHWalther et
al., 2002). T4 A ey AlEe] ANA7 3
7} §2 A9og B, Gy ABES REA} 4
Eolx QIth(Randin et al., 2009; Zimmermann et al.,
2013). o|A Y 7|THI}= ARt F E2o] FFS A

H
fr
N
o
N rEIn'

£2 #3202 ot
Z B3I T3 (Species Distribution Model)> AJEfSH &
ool A F9] AAA] AL d&ot=d L& Ut
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(Elith and Leathwick, 2009). 71 £o| A= MaxEnt® §-2
NEe] AAH 2R EIHOE FHstel BE |

S
o AA 2x 9 7|guste] ohe vlde] & 2 sl
dZo] AMREI 9lth(Booth, 2018; Li et al, 2020;
Wilting et al., 2010).

T|of|A= 7| E 3o g BEo| W= JFel sk
dopg EREold 9k AgEon ol ATE
27 4EE B4 B2 PAaE Wiy A3
= Yot Qv YU gA] FHH R Hoftt &
ofoflA] 7] &®3} tf-gof et AT HrF 4 H-ghA
g SYshL Bl U AAZ HSSHAKEL
2014), 7|1 >Hstel WAT P& vhgof Bt A4E 2
el

7|15 37} S A Aol wA|
7¥st7] flste] m2X&H A=
T2 AAseH, o F AHERE AYFE
(Hypochaeris radicata L.), | ¥FUN=8|(Taraxacum officinale
Weber), Wo|(Capsella bursa-pastoris (L.) L. W. Medicus),
SNELE(Veronica persica Poir.), FNIE(Lamium

amplexicaule L.), Zu}2](Trigonotis peduncularis (Trevir.)

ol rr

Benth. ex Hemsl) W 242 (Conyza sumatrensis) 5 750|
th(Kim et al,, 2018). AYFE2LE 3k} thdA) AR
$99 mem7 G2 LA You FeHoR A
FEAL} FAFSEAL, A7), ExA], 2, GRA] S
AJAIRIE, Sl ARz go] Rmstn glow Ao

O
ZAte] oJst AT ARG B FET # A AL
T 5 AT Aol xSt Mt Aoks, WP

oA Eelx] 1 QIth(Kim and Lee, 2019). AFFE 320 B
oA EHlEE= BEES OE A5 EAS dAIs
71% s, A7t SAAE Qltt obd 7R AFAFe] Ex
A& ALsta Adaexrt 54X AYL %
2 woEy, R SOl A A A SR S7HeE
T Q= AEolth(Park, 2022). o3t FH A F240|%
B0t AgaExo] digt AEAE, A4A] EX W3}
o thgt A7t FEohe, E9] 7| SHto]| IE AdaE
RAEAZE 9 HA] BELE d&st= A7 Zast 4

B ATl o] §Yslo] Hasku Qi AgF
o BEAE 9 FAAY ARE BAe] 71Fe)
RIS BASIL, JFush Al sSPE 485
of wg AFFER] HEAY U A A4A Rx
=
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2. Mz LU i

2.1. 7|=8=t AlLIE|L

2 Ao AAZITATFEZ2 IH(World Climate
Research Programme, WCRP)2] CIMP6 (Coupled Model
Intercomparison Project Phase 6)& 3l Al&&HE A A
T+ TFE9] SSPs (Shared Sociopeconomic Pathways) A]Lf
Qo A7rE ARl thH(https://esgf-mode.llnl.gov/search/
71388t AYE|eE SSP AUEle 4%
(SSP1-2.6, SSP2-4.5, SSP3-7.0, SSP5-8.5) & SSP2-4.5%}
SSP5-8.55 ARE-5}9Tt. Global circulation model (GCM)
< 671 71 G A= 7 210097k B EASHE 117
9] GCM (GFDL-ESM4, MRI-ESM2-0, CNRM-CM6-1,
CNRM-ESM2-1, IPSL-CM6A-LR, MPI-ESM1-2-HR,
UKESMI1-0-LL, ACCESS-CM2, CanESMS5, INM-CM4-8,
INM-CM5-0)= A7sto], 3km AALS] HOJRAH =
71708 (Z ]2 2011 ~ 2040, SZHa]E: 2041 ~ 2070, HOJ
2: 2071 ~2100) X525 E-8SHATHON et al.,, 2021).

cimp6/).

2.2. M2 XA} Y &
221, MEAE NME 15

AFgExd A=AE Amg #5371 st 2Y
HES s ARG L A=, A7 Ao,
ZUEE AIA"S] HA] 7R, AlLEY {4 9 e
&0l 5= st i, Fk, 3 5 3AHS A4
Stolek. A EAL7|7HS FRA 2017 ~ 20204, Fbof
A 2017 ~20194, g0l 2016 9 2018 ~2019¢ 0
2 AFER 4R Ao} k. BUEHYL HEAY 7
ATZA]AE(Choi et al., 2016)S 0|83t 7 x]xqoﬂ
ARt QA E 7 2hE o]-85to] ofe]o A MFFERE
QA A7 7HA 0 2 &5ty P JAFS AA7to

2 AR Agste] MFFE2 ME 42 =AY
o}, ZOlBHE A AES 0] 83} AFZE 2] 7]19} = #29
2 A 06 ~ 18A]9] 302 7Aoo 2 4P}t

222 A= 24 2 O YSAHE A=

BUEY ARE EActe fFAAIRES HiPoR
MoF2s 20 HEAH EXNS BAST 7|3Hst AU
2o 7t ue) BEAE Hote dSsiac. HEAR
42 A8 F2F MY 10% 748, HH(50%),

HpA[ER90%) 7H3tde A4bste]l EASEI 42 R
7] A “nlstimedist”S AF&5Fo] 42395} Th(Steer et al.,
2019). nistimedist 37]X|&= Franco (2018)9] EX3I+E
FHEAE A=l gA H-Ls17] ste] vtEoizoH, v
AYSNE HE3H A A et BEAT 42

AotA 7| Ha)sk B8 A Z3}. nistimedisto]] A] 3
EHESF(Cumulative distribution function, CDF)2} &-&
9 I 3k~ (Probability density function, PDF)+= 4] (1) &
(2)°t 2ol gojHr.

of71oA ot I T
SEREREERES

oA deleo] BE AEAY WE 5L 8 B
A 9 BE 2AIZE] A2E o] 83t ARAWE 7t
4 & mojste nug Agstdct 2d 74 98 7]
A L% (Thase)E 0-15C F7Ho|A 1T 7102 HIEA]7]
WA AAAGT A B Ue NALES AFFER
o N|HLER Astsrt vld &L A4 JHeE
o that SAAALES o83 HAYRLS T,
7 HEAD @Al Ut 4719 SEANLES o
o Aol A gstel Astdrt.

FEAARLE, 1ot HIAY

2.3. MAX| 2E EA L 015

231, & 32 7=

NFFEZ9] E2dAREE 2018A04 20208744 £
om ARzAE Flo S

, —,——é—?} A=+ Global Biodiversity Information
Facility database (GBIF; https://www.gbif.org/)°lA] =Uj
g A Fig. 12 AFFEZ FAAYLS 1
BT 9tk AYBERE & 105AH0I4 Fo] gl
Holov, AFEE FH0E At RE D Ao
Aoz BEsts A02 yehyth
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Fig. 1. Spatial distribution of occurrence records of
Hypochaeris radicata in South Korea (2018 ~
2020)

2ds JNEst7] #18f Table 13+
Zo] & E7| 5 ¥4 (bioclimatic variables)S A}
2519 tHKim et al 2022; Oh et al., 2021). 3FFHS9]
= MaxEnt 99| ExpA o] GRS vx|H, STt
TS B A FHE 459 A L 5240l ol
A & Ut} wehA, 2 3o A& percent contribution(T
AE 7|00 8)e 71&20= SHHsE Adsiglon,

= Aole] A $4E Bt Z|) B ook
HEgo] 8 WSS ASTt. BHUSE DR
o2 A7) gIste] MaxEntE o] 83to] 27|REL 7

Folslh Aoz 2ladd 35 2 dheto
710 WE-ES BFrIstal, W] 7]oj=rt 1 ujvkel ¥
52 AASIYTHKim et al., 2022). EFHS7} FEFA
A (multicollinearity)Z 714 W45 ARESo] REH &
shwl wdlo] Avjo] 2AHI FFS Z 4 YTk Dormann
et al., 2013; Heikkinen et al., 2006). T-2tA] o]& gt H
£ AAH] Yol 27129 d3t A5 HeE] st

Journal of Climate Change Research 2023, Vol. 14, No. 6-2

et - garl - dIH

1|o]<~ A A|4=(Pearson’s correlation coefficient, 1) &
oI5ttt wheF WML Alojo] &2 ARATHA(|r>0.85)7}
U ALoe 27nd Aol 72T} &2 Fho
Heuk A0 et al., 2021).

Table 1. Lists of bioclimatic variables in the model

development (Kim et al., 2022; Oh et al.,
2021)

Variables Description Unit
bio01 Annual Mean Temperature Degree Celsius
bio02 Annual Mean Diurnal Range Degree Celsius
bio03 Isothermality Percent

. Temperature Seasonality .
bio04 o Degree Celsius
(Standard Deviation)

bio04a Temperature Seasonality (CV) Percent

bio05 Max Temperature of Warmest Month | Degree Celsius

bio06 Min Temperature of Coldest Month | Degree Celsius

bio07 Annual Temperature Range Degree Celsius

bio08 Mean Temperature of Wettest Quarter | Degree Celsius

bio09 Mean Temperature of Direst Quarter | Degree Celsius

biol0 Mean Temperature of Warmest Quarter | Degree Celsius

bioll Mean Temperature of Coldest Quarter | Degree Celsius

biol2 Annual Precipitation Millimeters
biol3 Precipitation of Wettest Month Millimeters
biol4 Precipitation of Direst Month Millimeters
biol5 Precipitation Seasonality (CV) Percent

biol6 Precipitation of Wettest Quarter Millimeters
biol7 Precipitation of Driest Quarter Millimeters
biol8 Precipitation of Warmest Quarter Millimeters
biol9 Precipitation of Coldest Quarter Millimeters

233. M=z 24 & O MAX 22 HF

MaxEnt software ver 3.4.4 (Phillips et al., 2021)°]| A=
670(L: linear, Q: quadratic, P: product, T: threshold, H:
hinge, C: categorical)®] feature class§ A|&3Stc}(Elith et
al, 2010). MaxEnto]A EZ =Yg AT m=
regularization multiplier (default value - 1)5 ARg-5fo] &
ILE o|=91H, regularizatioin multiplier= X230 A&
%l feature class®] FEE Aofsto] LA B34 E= T
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dAtE YAD 4= Atk MaxEntE o|-§sto] 2] nd
2 WE7| Y= A7 79 thE features combinationd}
regularization multiplier®] model settingS S 2|9 &
g9S AeEigd "7t QUok(Elith et al, 2010; Kim et al.,
2022; Morales et al., 2017; Oh et al., 2021).

B2 Ao A= 67]9] feature combination (L, LQ, H,
LQH, LQHP, LQHPT)¥} 87i9] regularization parameters
0.5, 1, 1.5, 2, 2.5, 3, 3.5, )2 = 487]9] 2EL uH59]
o 224 Hd2 AlCcgto] 22 HES AHsHoH,
jackknife test?} 10-fold cross-validations So5}o] H
AUCS} 7 o] £48 BAsIsIt AUCZEe] el
= 05914 14jo]o]l, gro] 242 2ge] djo] 4
o Bd o3 EEL AUC go] met sERos 8
2 4 9tk 0.5-0.6, fail; 0.6-0.7, poor; 0.7-0.8, fair;
0.8-0.9, good; 0.9-1.0, excellent (Kim et al., 2022; Swets,
1988).

HeE 2Ee ALgste] ssp AL 9.9] /(1981
~2010) 7]ZZ A3} SSP2 4.5¢} SSP5 8.5 AlLtE]| 9] w
£ u]g 7]ZZZA(2011 ~ 2040, 2041 ~ 2070, 2071 ~2100)
oA AFEEx BiEE A =3}st3Irh MaxEnt HET
o] dit= MFFERY A4 AdS 0914 1A= E
ARt Ao AAR]o] ZRHBLE FRIst] {5 A=
ZA3%}t 7+4 I (equal interval approach)S ARE5}0] 5
sg°

)
=
o7 FLESIYTE 0-02 (non-suitable area), 0.2-0.4

(low-suitability area), 0.4-0.6 (general-suitability area),
0.6-0.8 (medium-suitability area), 0.8-1 (high-suitability
area) (Li et al.,, 2020; Oh et al., 2021).

3. 4t A IH

3.1. 4=AH
3.1.1. BUEZ Z3 24

AFFERo AEAE BUEHY A5 B4 23, Hx
MBHA7]= sfigollA 20180 1283U= 7H WRLL,
FQbollA 20180 184UE 7 =2 AC=E Yeylth
At ASAZI=E Mz A7 SASHA siEollA
20180 14822 7P WSk, FeboA 2018E
21269 7HE =2 ACE UERT uRAE JjSHA]7]
= dfdofA 20180f 169.5¢ 2 7F E5tal, FotojA
201799] 29629 = 7Y =2 AL E UER T 73]
7h2 ZROA 20209 2399 = 7P AkAL, FQkoll A
20174¢9] 156.09=2 7% 71 Ao =2 et

Bt =z NS = BRI, F]L sigollA 22 153.7
A, 153.59 9 135142 oA 7H 7t wlE A
o2 YEHL, G Bk & Zjo]E Ho|A| ottt
B A ST = BRI, Fet, sidellA 42 161.5Y,
193.8%, 157394 =, sfigdolA 7H¢ w21l FetofA 7H

Table 2. Flowering characteristics of Hypochaeris radicata by region and year in South Korea

‘ Flowering date (days after Jan Ist) Flowering duration
Site Year
First (10%) Maximum (50%) Last (90%) (days)
2017 142.5 175.9 230.6 88.1
2018 180.3 203.2 230.5 50.2
Dangjin 2019 144.7 185.4 230.0 85.3
2020 147.4 161.5 171.3 23.9
Mean 153.7 181.5 215.6 61.9
2017 140.2 176.1 296.2 156.0
2018 184.2 212.6 241.6 57.5
Buan
2019 136.1 192.7 250.4 1143
Mean 153.5 193.8 262.7 109.3
2016 130.1 153.2 184.4 54.3
2018 128.3 148.2 169.5 41.2
Haenam
2019 146.9 170.6 191.9 449
Mean 135.1 157.3 181.9 46.8
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Fig. 2. Cumulative density functions (CDF: a, ¢, and e) and probability density functions (PDF: b, d, and f)

of Hypochaeris radicata in South Korea

La Joz RasQt vpe s E3 97, 2
oF, SOl 27 215.69, 262.7Y, 181.9UE 3ol A
7P RelolA 714 L Aow et st
A7l BEY, 74, 449, 715 5 ot &4 a9l 3
TS AN F2 7|29 FIS Yol W= AR AT
A QO w(Fitter et al., 1995; Lechowicz, 1995; Park et
al., 2023; Sparks et al., 2000; Walkovszky, 1998), w2}
Bat7120] 2 ol Hx, Hd 9 2T 7S]
7} b4 uhE Aoz ekt Table 2 A 8 Am
Agazzel Az, A, 0pAg AskAs] 2 A0S
YEHHAL QU37, Fig. 2+ AH € A= AFaEx 1%t
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Y4=9] CDF ¥ PDFE YL It} Fig. 2004 AR
9, A= fstds Exo Zolg I 4= 9t} CDF

oA 7]0] &2 e skt wEA Sk A
< ERIT 4 9loH, PDFOAE REHA R 7] 20] &2
sigel mart 2 g vlsf wEA FH=HE A
IgH 4= it E3 ArEa 7] 29| Zo|o] wE sfs}
TElo] xjo]E It 4= 9t

A9 A= %"?}6}0% FRAAALE T2 A
x99 A3 BE HEkE mofolqitt. VAR E
(Tbase)S 0-15C %L{Oﬂi 1T 71202 WHIA|7|HA
AARAARTE 7 B o] VALEE AHES At A
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J‘%‘EEE’J Nt EALE 7MY & d9st=
£ 0T(R™=0.783)2 EAFIt}h. AFFE2E GDDO(Y]
ALEE 0CE AAR FRALRZE)0] 990.5T dayof A
Hz2 73kE staL, 1,572.1Tdayol A 50% 7H3}, 4,030.
1CdayollAl mFA|et 7}3HE Sh= 2102 YERT Fig 3
< GDDO| High A A3t AEE St A= CDFL}
PDFE UERHI itk

1o =z

Cumulative proportion of flowering

GDDO after Jan 1st

(a) Cumulative density function

Probability density

3.1.2. OJ2f 2

d=AE &

d=AE Hat 6=

X3 AAX| 2T 05

947

ZUHY ARE Higog APget AdFEzo] gt
A7I'E GDDOFEE E-83to] SSP Aluhe] o] e w]
AFFE2Y YEAHE H3ks 2ottt Avg e, A

ol A=glel

AZre) Aol wret Aok

A 9 oxat A 7= 2E

GDDO after Jan 1st

WepA 3

1_,] _,,]7\
i, M7k

(b) Probability density function

Fig. 3. Cumulative density function (a) and probability density function (b) of GDDO (Growing degree days

when the base temperature is 0°C) for Hypochaeris radicata in South Korea

Table 3. Changes in future flowering characteristics of Hypochaeris radicata under SSP scenarios

SSP2-4.5 SSP2-4.5 SSP2-4.5
SSp
. Flowering dates and duration o (2011 ~2040) (2041 ~2070) (2071 ~ 2100)
Site historical
(days after Jan 1Ist) (1981 ~ 2010) SSP5-8.5 SSP5-8.5 SSP5-8.5
(2011 ~ 2040) (2041 ~ 2070) (2071 ~ 2100)
134 127 121
First (10%) 142
134 122 106
163 155 149
Maximum (50%) 171
162 150 134
Buan
256 245 237
Last (90%) 272
255 238 220
. 122 118 116
Duration (days) 130
121 116 115
129 121 114
First (10%) 137
129 115 99
158 150 144
Maximum (50%) 167
158 144 128
Haenam
252 241 232
Last (90%) 268
251 233 215
) 123 120 118
Duration (days) 131
122 118 117
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BotA = AFS YEHHTE 339 4 AFFEx9] vt
24t 7|3kA 7]0] P R3%F GDDOS e AU QoA &
514 XKook ZoE Ueigth webs 2dd dae
Rk} o] thsiAlRt A|AISHATE. Table 32 A A
FEex9 7Iedx ¥ m 7)zhE FHZx, o, vpR]dt
NBtA7] & AS 7S et ik

Hoto A 7|2WE(1981 ~2010) H %, o U = A4
A7 27 1429, 1719, 2729 = YEsth bl 7]
7+ H& AWFA 7] SSP2-4.5 AJUFE] 204 2011 ~ 2040,
2041 ~ 2070, 2071 ~2100°] tste] Z+z; 134, 1279,
2142 ¥ v[HHE 55 JSA7|17 A= ZoR
UERGT} SSP5-8.5 AU Qo A= 2011 ~ 2040, 2041 ~
2070, 2071 ~2100°] it} ZHzF 1349, 1229, 1069 &
W u|g 2 Z5F SSP2-4.50] Hlsto] ASA 7|7} B & B
A= AoE UsHth w7zt A JHERA )=
SSP2-4.5 ¥ SSP5-8.5 A|u+E] 0] tiste] wl=f7]7H2011
~ 2040, 2041 ~ 2070, 2071 ~2100)°] ZFz+ 163, 155,
1499 9 162¢, 150Y, 13442 UGt ESH njd7]
7+ HZE 754 7]1= SSP2-4.5 & SSP5-8.5 AlUE] Qo] o
sto] | 7]17H2011 ~ 2040, 2041 ~ 2070, 2071 ~ 2100)°]
747} 2569, 2459, 2379 9 2559, 238Y, 220¢ 2 e
STk Fig. 4= FQMX[99 7|1zHE %, o, »px|q} 7|
SHA7] E ABEIZE o) AdE MAER O R YEifL
ULt 1HZE Bl vl SR 7|7F ARrA o ® ek
1 lom, SSP5-8.5 AlUtE| oA JHEHA| 717} E5] et
A= AS AT 4 Utk

Seol A 71 = (1981 ~2010) 7170 %, o &
FZE N3N 7= 22 1379, 1679, 268U 2 e
nl2 717k & WS 71= SSP2-4.5 AU 04 2011
~ 2040, 2041 ~ 2070, 2071 ~2100°] th5to] z+zt 129,
121, 1149=E 9 v E 255 JSA7]7F A=
Ao Yehygth SSP5-8.5 AUt 20o]A1% 2011 ~ 2040,
2041 ~2070, 2071 ~21000] thate] zHz: 1299, 115Y,
99U = W u|efE LS SSP2-4.50] H|ste] HSIA] 7]t

Loz -

e

M

L gAT - Y

E|&
AZAA= A= EAEIH. v 7]zt | 7i3HA] 7]
L SSP2-4.5 9 SSP5-8.5 AlUpE] Qo] tisto] w7zt
(2011 ~ 2040, 2041 ~2070, 2071 ~2100)°] z+z} 158,
1509, 1449 2 1589, 1449, 128YE UEbdt) E3E
u]# 7|17 2ZE NSA]7]= SSP2-4.5 2 SSP5-8.5 AL
Q0] ti5to] | 7]7H2011 ~ 2040, 2041 ~ 2070, 2071 ~
2100)0] ZHzF 2529, 241, 232¢ 9 251, 233Y, 215
A= Ve

A 9 2F ASHA 7] EIE Hx FSHA] ]9} uRRTER]
2 A vlef vl 7|7t A4E W= HoRE &
AE]9lom, SSP2-4.5 AlLbE] Qo] H]3] SSP5-8.5 A|L}E
ROA AZIAZI7E et = ACE yET Bl 7|3t
o2 ZA4E JSA7I7F gEtA = AL 7| SR Qls|
n|2f7]7to]| Bt7]20] Aot w2t FaAAEE S
otz 7IZko] ZobA7] wiZoE wWoErh  EDh
SSP5-8.5 A|utg] of| 4] SSP2-4.5 AU+ 0] |3l 7IS}HA|
717} B2 A2 SSP5-8.59] 7% FEES NLE EAMY
Ag 9 7] o] ng7]|zto] vl ZA F7Fsh7| gz
2 ooEy, Sy gofgt AgAFLoE v At
TZ5 H} 9Iti(Choi et al., 2016; Kim, Choi, Cho, et al.,
2021; Park et al., 2023). AE9] HEAE Hsl= AE &
ATA 4 A &S Ao 2gof thFet JFE v|E
4= QJthH(Chen, 2011; Fitter et al., 1995; Miller-Rushing
and Primack, 2008; Park et al., 2023).

3.2. MAX| X

3.2.1. §#FH=x

rx
03

A=

ne

Bt

27] BEy 9 Wzt A B4 Aus diges
HALGEI] 7| L(bio09), HALFYY 5
(biol4), Z2HT7]9] “J=reH(biol8) B HFYE719| =
FHbiol9)o] BE 55 et AR AA = K Table
4). 22 292 LQH_3.08 AAEd o, B test AUCE
Fig. 49} Zo] 0.98002 A4t=9let £ 7oA 753t &

Table 4. Relative importance of environmental variables in MaxEnt model

Variables Description Unit Percent contribution (%)
bio09 Mean Temperature of Direst Quarter Degree Celsius 67.7
biol9 Precipitation of Coldest Quarter Millimeters 274
biol4 Precipitation of Direst Month Millimeters 34
biol8 Precipitation of Warmest Quarter Millimeters 1.4
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g2 AUC Fto] 0.9 o]i(excellen) o2 HES AZT 4 Table 49} &t} SgHS F bio097F 67.7%= 71 2

Ja st S 7 mElR mEcSwets, 1988). 728 YEPHAL, T2 2 biol9, biol4 L biol80] Z+
TEERY 752 foto] AFE ©eEe] 7= 7} 27.4%, 3.4% 9 1.4%2] 7|9 =E YEFT Jacknife

Average Sensitivity vs. 1 - Specificity for Hypochaeris_radicata

Mean (AUC = 0.980) ®

T
101

Mean +- one stddev ®
0ar Random Prediction ®
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0zr
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1 - Specificity (Fractional Predicted Area)

Fig. 4. The ROC (Receiver Operating Characteristic) curve and AUC (Area Under ROC Curve) values by
the MaxEnt model for Hypochaeris radicata
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Fig. 5. Importance of environmental variables to Hypochaeris radicata by jackknife test
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Fig. 6. Response curve of the environmental variables contributing greater than 10% in Hypochaeris radicata's
habitat distribution model. Red lines and blue lines are mean and standard deviation of ten replicated
responses, respectively
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golst A}, bio099] HHIAL 5THE Fho] &4 73]
7FstA] 12€ ool i) ghs UEHeH, biol9
180 mmol A At Uehd & JAH o= A
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2L o] o r|

T

3.2.2. O3 MAX| 22 o=

Table 5= AF2Ex9] 7|2dx 9 b]g7|7Pd SSP
AluE] ol wE At AAA HAZ yEhal glod,

Fig. 72 71708 -2y} 23t A41R] £25 HA[SHL Q)
o 71 E = (1981 ~2010)9] A A41R] £z 2O] A}, Al
L5 SHOE doliol Yo AFFEXTE AAske AL
2 U 2YEY A3t & Zo|& HolA] gttt 1L
(high) FIFAE 7]12AE(1981 ~2010)°] vzt HA|
HA 9] 1.01%E AP, SSP2-4.5 ALtE] 204 2011
~2040, 2041~2070 = 2071 ~2100°] Z+ZF 0.81%,
0.83% 2 0.81%E AZ ZFAEQIch SSP5-8.5 AU 2.0]
AE 2011 ~2040, 2041 ~2070 =L 2071 ~21000] Z+z}
0.93%, 0.72% & 0.62%E SSP2-4.59} 2/ IA| & A% 7+
Ath= A0E YETh F7HMedium) AR = 71EW
9 0.65%% UEG O, SSP2-4.5 9 SSP5-8.5 AU Q.
oA w77k 2011 ~2040, 2041 ~2070, 2071 ~21009]
Z¥7¢ 0.64%, 0.71%, 0.71% 2 0.58%, 0.68%, 2.26%= L}
Byttt SAEA| ] - SSP2-4.5 AutE] Qof A= mf
717k &E F7Veh= AoE YB oY, SSP5-8.5 ALt
2] o] 4 2071 ~2100 7]|7te] 3uf ol A F7Fet= A
o7 ROt

Auk(General) AR = 7|EEEY 021%2 UERGO
w, SSP2-4.5 @ SSP5-8.5 AU Qo)A nlgf7]7t 2011 ~

Loz -

b

A
B - @AT - UY

— a

e

2040, 2041~2070, 2071 ~21009] ZHZF 0.48%, 0.45%,
0.51% 2 0.55%, 3.84%, 5.09%% UEpgTh Qubasiz] =
FHAFA 9} v FA 2 SSP2-4.5 AlUtE] Qof| A= H]
717kl &% F7kokes AR UEhgth shx|qt SSP5-8.5
AU Q04 2041 ~2070 & 2071 ~2100 7|7t 3A
7ok Ao® HYEh W (Low) YA = 7Ied
o] 0.22%% JERFO W, SSP2-4.5 I SSP5-8.5 A|Ltg]
Q0|4 w@|7]ZF 2011 ~ 2040, 2041 ~ 2070, 2071 ~ 2100
of] ZFz} 0.34%, 0.52%, 2.62% 9 0.71%, 8.02%, 15.64%
2 Uehgth $2A3R= SSP2-4.5 AU QoA 1]
7|7k FRHo = Z7}sitirt 2071-21009] 2.64%E
108 o4} F7kol= AC =R YTt SSP5-8.5 AU L
o] A9 2041~2070 I 2071 ~2100 7]7ko] 8.02% =
15.64%= H v| o] AFFEXY A47Hs X Gl A
7ok AR RoEtt

Ha, 74 gt 9 22 HAE BF I 447
AL 7]ZAE0] 2.09%8 LEEO B, SSP2-4.5 ALt
QoA blg7]ZF 2011 ~ 2040, 2041 ~2070, 2071 ~ 2100
of| Z+7k 2.28%, 2.51%, 4.68%% AZE Z7lel= Zog B
A= 9t SSP5-8.5 AluEl oA = 7|7 2011 ~
2040, 2041 ~2070, 2071 ~21009] Z+zZt 2.77%, 13.25%,
23.61%2 H|H7|OE AHE A7 Aol HiE F
7¥ell H ulEoll= HE WA oF 479] 194 AFFER
7F AR = Qe AR Uetgth AgaEx9 ol
MAAGL AT, Atz YW A9 ZFYe E B34
T o7t IR AGor YEpyitt

ANFFExe 19809 AFEE FHLE A45H]
AlZFsE Q]#& 0 2 (Kim and Kil, 2016; Park, 2022), T]}
7170l Syt A A AR B27t F71e Zog ot
5}11 Qlth(Adhikari et al., 2019; Park, 2022). AFFEZ
oF -2 QFFo] w2 ke L-ajuet A AE9] A

Table 5. Changes of suitable area ratio for Hypochaeris radicata under climate change using SSP2-4.5 and

SSP5-8.5 in South Korea

Suitability Grade Historical period SSP2-4.5 SSP2-4.5 SSP2-4.5 SSP5-8.5 SSP5-8.5 SSP5-8.5
(1981 ~2010) (2011 ~2040) | (2041 ~2070) | (2071 ~2100) | (2011 ~2040) | (2041 ~2070) | (2071 ~2100)
None (%) 97.91 97.72 97.49 95.32 97.23 86.75 76.39
Low (%) 0.22 0.34 0.52 2.64 0.71 8.02 15.64
General (%) 0.21 0.48 0.45 0.51 0.55 3.84 5.09
Medium (%) 0.65 0.64 0.71 0.71 0.58 0.68 2.26
High (%) 1.01 0.81 0.83 0.81 0.93 0.72 0.62
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Suitability $ LY
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0.2-04:Low
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11

0.8 - 1.0 : High ﬁ
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(SSP 5-8.5)

Fig. 7. Potential distribution of suitable area of Hypochaeris radicata under climate change using SSP2-4.5 and

SSP5-8.5 in South Korea

A R0 FFE = 5 o, v A A
SIS TAAAZ 4 Qth(Adhikari et al, 2019;
Bradley et al., 2010; Oh et al., 2021; Park, 2022; Vila et
al, 2011). =3t NFFEz2E 7|53} 5SANH A E1S
S8, AFaEx A4A M7t $-2uzt sl vl
L 9P ASHoR BAS BN A UL R0

2 AR EH(Nam et al., 2018).
4, A=

2 AToAE T FHs A AL TAs 9%
sfobsr] 919) S YAE 71 FHeh AEYE AU
22 PO sSSP AILES JN nle) HBAE 9L A
A BE WEtE o2 W Bt v BEAL ¥
s BUHY ARE B SRYMLES B3 o
Zstom, ve A% A414] BE WSH: MaxEnt 59
2 Hgsto] Af3stoict

£ rob o

=

AFEERY =, JAd 2 HF M7= LA
H|5) ol 7|7te 2 Z45 wWeik]= 208 EAESC
], SSP2-4.5 AJU}E] 9.0] H|5| SSP5-8.5 AJL}E] Q04 7R
3717 B 4B AR = AR YEHTh rlr|zie
B2 455 NI g = AL 7| FHSE s 1)
7|7toll Bt7]2o0] A5l Wt FRAAREE F
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SSP5-8.59] 7§~ 7]0] u|7|7tol| H|wd A F7st
7] "ot

AFFEZR AT AR HAL2 7|EdE] 2.09%E
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2040, 2041 ~2070, 2071 ~21000] Z+z} 2.28%, 2.51%,
4.68%F AZE Z715H= Ao g BAEQtt SSP5-8.5 Al
&) Qo A= m]g7]7F 2011 ~ 2040, 2041 ~ 2070, 2071 ~
21000] 22} 2.77%, 13.25%, 23.61%2 vl 7|7toz Z+
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