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ABSTRACT

The objective of this study was to predict the potential distribution change for vulnerable and endangered tree species (Picea
jezoensis, Abies koreana, Abies nephrolepis, and Pinus pumila) under climate change. To this end, HyTAG (Hydrological and
Thermal Analogy Groups), the Korea-specific forest cover distribution model based on hydrological and thermal indices, was used
to predict the potential spatio-temporal distribution changes in tree species. As a result, the optimal habitat of vulnerable and
endangered tree species (Picea jezoensis, Abies koreana, Abies nephrolepis, and Pinus pumila) under the potential impact of
climate change is expected to shrink rapidly and is going to appear only in Gangwon Province in the future. Also, comparing
the distribution range of tree species, Picea jezoensis has the largest distribution range compared to the other tree species. On
the other hand, the optimal habitat of Pinus pumila is the smallest. This means that physical environment for Pinus pumila tends
to be rapidly reduced. These results show that these tree species are facing a great risk due to climate change, and this is expected
to be an important input or tool for decision-making with respect to establishing management and conservation measures to reduce

the negative impact of climate change.
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S & ol FF2o g ARAEHA AAE VeS|
SR e 2 Aol XYL s odet 594 7HA|eF A
A A A 715S ZAAD ZHo|thMarkham et al., 1993;
Lim and Shin 2005; Lim et al., 2018).

71583l mE #FE AAA o5 ASsH] sl F
EZ BPS ZEF AFE0] v P EH A (Iverson et
al., 2008; Iverson et al., 2013; Matthews et al., 2011), 7]&
HI7E A 9] F FREL} 2 vz S S5t
Aod Fmo) BA A LS 9T AL APehs
A7t = A tH( Attorre et al., 2008). ESE 7| THSIE Q]
3 A ok Bokeh RAde] it ATE 43
% v} Qlth(Janowiak and Maria, 2014; Choi et al., 2019). =
Holde 715Het gFo= otarit Aol JA+E 1A
A S=7F - weER AL Qlok 53], v SRt
o Aut AAlSHe APSZ 02 oF 36 d7F 318ha7t TAEHY
O B(NIFoS, 2014b), X MAAAEAAGS] A EF0f
Ay d2971Z20 2 A5t THKim et al., 2011). E3F 3+
AR HA 7o) ke A AgH O A4
ab7] W] FlFHste Qg Ax7|5et TeALd] 23|
Floret Ao s dA 1o, 7hEB| U= otalitA o of
B 5% 9 stz Hols Rxsh wHo] Hof A3
2uslo] o8] 27 Ge We Aom dAEY|E w
(Yoon and Kong, 2011). BH|UYFE FAE L} tl27}R| 2
715 Hokrsoan AAIR AR TS
(Least Concern)C 2 XA E It} (Zhang et al., 2013).

FEYoA= 71FdFol e 715Hs} FokrE E
FFA71ES ARt e, F8 did 52 s
1200 m o}4e] A5a Aol 4 AASE ol WHE
olt}. AlgAE FSHse] B2 ofnst AESHY BE 9
d HiE £017] o) B 9 B ofF o]FS A3 A
otx WESGOH, oF 9 AFHoR BE WS 2
o3 A3 ol diet RUE S A& or a3 Ao
2kl ZIHSHATHKES, 2016). T3F IAFS] 9 Al F83%
A} TaA] B4l ojet TeHE QTE el QlrkKim
et al,, 2017). 7]& AFSoNA = L2BF0=E Qe 7MY
371 AT AT T4 o2 Qg £ 25
P4 FQ AP Ylo g H kKoo et al., 2001;
Lim et al., 2006; NIFoS, 2009; Lim et al., 2019). AJ&2] 1
AYE Hold xR 44| Bro] Weetd the A
Bk AAAR ol B MsE o] sudos Ag
SPA] 28 A9 A% AletAA Hek wehd 71 5as) 2ot
$E HASH] fside 58 B9 ST &48Ql
70 A BHE Dol 58 A8 A4 71 3UAS
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131°6’, Q& 33°9'~38°45'9] E7F WS Ao 519
THFig. 1). HyTAG E@-& &-8oto] 7| TRstAtE] o] ot
2 34 £x HslkE mietelr] 98t SR EE 1 km’, Al
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ofmAt o HPSFol wol EaFHo] UrhKim et al,
2019). 2 AFOIHE @= Bxo] g FIHAR FSo] 7}
5 HRHIUR, PAGE, BElunet AR BAo|
st SRR & 4744 AA4SS AR 7
AUReL BEURE SRR Agsts ARAYEAR
S PIAL, ZHEHILRE A-HOIA ATSHE 1/5000
49| JYEg oot B RS shetstAchFie. 2).
ALY 49, gAHoR A BE A4rst glo]
Kong (2006)0] A|A|8Hs &R0 RREAS
XS AL olo] hEE, AL SR

Hye

¢

A& ZoR WHHOH, FAYBFAAGRA L]
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AASHIL k. Weha ALHol A AETHE 1/5000 24 9]

WFEolA Asshe Fur B2 A9 F Sdix
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3t (Fig. 2). ol A FAE 2AT, 3T
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IZo|| #oJsts FAHMSFES AAst ROC 4 (Receiver
Operation Characterist Curve)& E3f 7|27} 7 &2
A4S mefs] HQAthFig 3). &3¥sERs 7€ AT
(NIFoS, 2014; Park et al. 2015; Koo et al. 2016)E 53 4
FU2 WAESE 7 Wol A8eld TLE(Digial
Elevation Model: DEM), A|@4EX|4$(Topographical
Wetness Index: TWI), 779, AL, 1% 57HRE
A7gsto] BrdAdE AESHITE 73R R A9, AL
T, 2= A 309 V1SS ARE ¥ BAEoE A
A¥ste] WSO, EFLRIWHE Twot FAHEg 7}
A3 7%E A28 TEHAT ROC 24| T2 sojE
oA Nki= 0.888 EEEo] AU E2o] 7Y A 7]
ofohz Ao veRdThTable 1), 3T BEAROIN T
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A} 2 AolA= polygon FEIE 29 7HEH[UE, -
YR, BHUE, 2R B8 = raster FEIQI 719

o]E1Q}e] 5L Y5l ArcMap 10.3

AT EQJo]E &85}

1 km®* ZZFATE] raster FE|Z M.

Table 1. AUC Value of environmental explanatory

variables for Pinus pumila

Environmental explanatory variables Value

DEM 0.888

TWI 0.520

Past 30years(1970~2000) precipitation 0.520

Past 30yegrs(1970~2000) maximum 0.125
air temperature

Past 30years(1970~2000) minimum 0.143

air temperature
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Fig. 1. Study Area
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Fig. 2. Presence data of endangered Conifer tree
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Past 30 years Maximum Temperature
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Reference Line

Responsiveness

1-specificity

Fig. 3. AUC curve of environmental explanatory

variables for Pinus pumila
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2 JlenE RA4S A8, Z9ARE, Smith o
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A28 B BT Krigingst A2 GANE oz
7124720t AeARE 1 km® A ER B TH(Lee
et al.,, 2007; Part and Zhang, 2008).
2 AFolA= Al A1719 +FE FAARREE

ot WA, 200041 (2000~20099)E TSRS 53
ARt LT HHO R HIbsto] EEHIH v Al7]=
2050 T (2050~20594), 2080 (2080~2089)Z RCP
(Representative Concentration Pathway) 8.5 7|5 H 3} AL}
2127t 28Ut RCP A o= Y 714 Ay 7}
Ao, AAe] W} A 7P 7PEAL, 7199] ¥SkEo]
£ RCP8.5 AUz & Attt o5 &3 259171 A
F-Eo Fdradt Wsks 2E5H EUE £ dZ AL
2 AREHY. AEE= HadGEM3-RA A ¥7|EHFS
At FAAIREE (] km? F2EE)E 714
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@ LZERWI: Warmth Index)
ZFATE Y ”*“E—
A4 Z9] SFFE(Yim, 1977) 4]

747} QloH, Kira (1945)= YT ﬂ}
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L7175 5T ool A= oo
HolAe SFATZ F24 715 1‘34
7F 5= dAsH, o] & &3l AEEE d¥stAY Tﬁ
FSE Argst=H] *}%OP%‘;E}(Ylm, 1997;
2001). & AFoA= 2FAFE Equation (1)= -85t
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PEPE
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AZxHTE
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Yang,

WI=>Y,(t—5)

o 7] A,
t: SCHT =2

Equation (1)

B/t 712

-

@ FHA=
the Coldest month)

ZX]YAMTCI: Minimum Temperature Index of

HALEAGE AEo] 290 AfH P2 4 Q=
L29 Yehfs 2<o]t}. Neilson (1995)% &%*4%“‘41%



Y B 277120 vet gebalckn sigom, FelAl
TAG (Thermal Analogy Group)®&-& Eof vlz AFRHERE
HILE Tlolol=d| A8Eit}h. ESH Bachelet et al. (2001)
2 ZZ A E(Dynamic Vegetation model)o]] AA|5ko] Z]
ASEALE T o ok Aol 4 B A4
71 && B85t HAREAGTE ALESEITH(Equation (2)).

MTO— tm,id
MTCI= —— X 100

thi mid
MTC=>t,,,(1.5°C)

oj7]A,
ti: 18T
twia: 1.5T
tiow: ~1.5C
MTCIL: 199 HA2:

Equation (2)

@ A H-PRIZYPEI: Precipitation Effectiveness Index)

TR AT FEATE A Fa5HA 285
T 9t} 2 Ao A% Thorthwaite (1948)0] R|A|at BFES
g8otpon, d w270 eFH o Pat7|2S ol8sto] ¢
g AT HES okl IS FA S fFRdeA
+E AAISIAtHEquation (3)).

10

. P 9 .
= 0 X
PEratio=11.5 ( 71 O) Equation (3)
Dec
PELmwa = 10 X Y PEratio
Jan

Annual Monthly Precipitation

HE+E =21 Bt 0F 219

P Y%A 7F2-H(inch)

T : €847 (F)

284FHTE W2 7|22 HE 284F2 A
PEratio : 40HT} 2 AL 4002 AT

2.3 A4

AFolM = 7S] T ZhERu, AU, 2
HIUHE, U] miE A 22 HekE wtetsty] fd
o2 AFAYEA 22 2¥Ql HyTAG (Hydrological and
Thermal Analogy Group)E #-83}%th HyTAG REL -
gyt F£8 #F ZX] it d& =7 vud 52
2% 0 2 (Choi et al,, 2011), 2EX]| 20} 2B 20} Zho] 7]

Alpits EEsto] SEuet A 3o ditt 2% 54
i, olE H]'E’foi A9q4, 271 “1‘3119]
Bl ASetet. 5 v A4 22 A9
X] A 71A RS AE F —E—EX}
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2% olg3l A%, AALEASS SRS
Aol Tt BE E4S EE5I9 of i 248 3
71324 BE Wge] $EY =

=Rhg A gotel YRR

5%, &9 11.5 ALd)of ¢

23X HOZ A5l THChoi et al., 2011). EgEl *zug
ﬂ&'} AL et Binary logistic selections &
Ay oo uEt +F5E FA BES AT
th(Fig. 4).
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| - Validation of
Bioclimatic limiters : PEI, WI, MTCI ] ] model prediction
-Climatic distribution maps of past 30 years [~~~ ==~ s Spatial extraction ¥
<
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IPCC Climate Change Scenarios : RCP 8.5

/S Optimal habitat for tree species }—» Predicted potential distribution >

of past 30 years
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Fig. 4. Flow chart of the this study using HyTAG model
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wshe o dupt Fio]l YT AAERE T
Ag mofst=d &85 AR T shuz, A2 vt
Zth(Equation (4)). PrPgto] 255, UA| AAZ2} A=
AR FUAo] AH, ol BP9 & Aol

o= 9udth
Sho
prp=-2" Equation (4)
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Sporn @ AA] BEEXEO} d&2F Bxn & 3o BE Z=X)
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U SHE - YHT - 0|27
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3. Za 9 oF

3.1 7|2H=} AlLf2|0| IE WI, MTCI, PEI 2%

B Lo A= 200052t 2050s, 2080sAThO] kx| 5=9}
FAALLA G, FAGSATE FESHATH(Fig. 5). 20009
o] g7 2FA5 HYE 35.07-147.91T(96.23£15.05)0]
o, v E A5 g 2FAGT SV AEFE B9l
ot AALEAF0 AL 2000dTiols -137.13-19.14T
(-50.79+21.97) WIS 7K Ao vz 252 A
2EA7F SRt AdS Bk RReAsY AL
2000 ol = 55.54-241.77 In./F(96.33+ 13.1) HYS 7F4
on, nHR ZAFE Foj= AFS HJK(Table 2).
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Fig. 5. Distribution of the WI, MTCI and annual PEl in Korea for the 2000s, 2050s, 2080s under 8.5

scenarios
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Table 2. Distribution of the WI, MTCI and annual PEIl under 8.5 scenarios and past meteorological data

Period

2000s¢

2050s 2080s

wI®© 35.01 — 147.91
(96.23 + 15.05)

(Mean + Standard Deviation)

MTCI
(Mean + Standard Deviation)

Annual PEI®™™
(Mean + Standard Deviation)

-137.13 - 19.14
(-50.79 + 21.97)

55.54 - 241.77
(96.33 + 13.10)

46.58 — 165.85
(112.85 + 15.51)

58.73 - 187.89
(130.22 + 16.93)

-114.59 - 27.31
(-49.29 + 19.82)

94.59 — 41.80
(2791 + 18.16)

32.06 - 380.45
(94.24 + 20.82)

33.76 - 385.28
(98.86 + 21.52)

¢ : Estimating of mean climate index range from 1971 to 2000
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g% 2
Shoiet. Table 3 7HEHILHE, AR, BElU, L5t
Sof o3t HF LYPASe HALEAL, GAYSAS
91 Uehdich. ZFREIUR L T2 50 HsA 2
o} AALEAS W e RO Uehton], §
At W9I7E Mg e Aow Uehdth v 2
o A9 T 4350 s LA} HALEAS
Vg e Ao ergon TAURE $E9AS ¥
7t e 4ol Hls MY wE Ao vk,

Ll

°ol&

Table 3. Optimal habitat ranges of WI, MITCI and
annual PEl for each species

. Optimal WI  Optimal MTCI Optimal PEI
Species
range range range
Picea
. . 67.3~96.6 -93.6 ~-49.3 87.2~118.3
Jjezoensis
Abies koreana  41.4~61.7 -111.4 ~-60.7 120.9 ~227.4
Abies
39.5~55.6 -118.3 ~-95.7 114.4 ~168.7
nephrolepis
Pinus pumila  49.8 ~ 63.6 -104.8 ~-80.5 111.9~149.7

3.3 dtAet Dol EX 2XE

E AFoAE 20004, 2050 2080\t ZF A £
ZASANES 5 BFO FHFH== AAsH] A A
Al SAHA A FARE 7Hstt HAS &R A4S
T}(Fig. 6).

A 7hER U= 200090l WE AT SEAROl

AR B2t 7hs%t Ao Yepgton, A BX ulgo] &
SAHZ A 30%F AA|oh= AOZ YERITE 371 B
= FHFEY F7HIESA A E(www.nature.go kr) ol A
HYEH= 7MEEUR dE EX 9X]9F GARH UERTH
2050 o= A 7Feet B2 WA HE0| 10%E E0lE
+ AR yehgton | uliel 2080d o] oF 2%t A
27} 7hset A0E YERth EHURe] 9, 20001
ol s YR FARSHA BEAROIA A S F4oR
A BRI} 7Rs3 o2 Yepton, A i vjgo] F &
AHAA 1%E AHA[h= HE&-S BTt ol 3y oz
EXAAE HPE 1 Park et al.(2015)0]4 EXH EHUR
A EE AR} FARRE A o2 el 2050 ol A
7Hs5%t B2 WA H[8o] 02%E Eojte AoR et
™ 20800 A9 Al SR YEhth HUEE
2000 oll= HEAFoA AFES FAoZ A Ex7t 7f
5 Ao= Yeptor, IR B v go] F SAHAA
1.2%5 AA|5h= ¥&E Bt ole 3HHoz BE X
E HOE v, FE5-EYoA Bust RS |4 Ex
AXQ} GAKSE Ao 2 YERGTHKorea National Arboretum,
2015). 2050 ol = A 7Hset 2 WA H|Eo] 1%E &

Tl ZoZ YeRFon 2080dtfols A o] A= Ao
2 ettt BV BHUReE fARHA SEA AR
FAoz A 71s WH ¥]Eo] 1%2 YERith ol F7H
o BIAE HS o, Fd,EY A7MIESTAAHE
(www.nature.go.kr)o|A] Hiloh= A& B3 X9} AR
o} 2050@ o= 0.13%= T2 $FERET w24 44 &
= H7E A9 AR = Ao YElTt uiA|utoE 4719]
$55 A9t IbotaAl A Y 5 BE WHE BokS
o, 20001 tholl = TEA LT} SEA|Eo] B 7Hs3t X0
2 Yehgon F SAHA0A 32%E AAok= A o& et
Wk 2050 ol A 7 et B3R WA o] 10%E &
olE Ao& yepRton ¥ ujE 2080 ol 2% HlETh
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71%9] AA LGS} e +FH EEXHIE JFHOo
& motsty] fsl, 2000 B 2080t 7HA] 1A LE &
o) | WIS vkt 1 A3, 2000 o= 471
oA AT FolA 7FEHIURY] FAEE HE
o] 29,784 km’o|H, Th2 o vl5| HE WHzo] 7} &
Ao & Uetylth g, EHUEY A9, FAHEE HHo|
432 km’o|w T2 =30 vlg| EE WHao] 7} H2 Zlo
2 Uehyth ndE 24 7HEHURTE §45] S0EX
T o2 350l Hle oA HAES IA AAst= AR
ettt 9 AR, B AR nEE 2
$E EX Wzo] 30km® "oz A9 AlgAE Aoz
e tH(Fig. 6, 7).

£ Aol AAsks A= 7% o2 BS5Tse

Arug ousinz, A4 Bl o WA 279
SELE 2%

& A7E Ao sig A Hol Aol ofy A,
FEMAE BS7FeAY &2 AgA 9L = 9lens, &
A3t #5E AAREE d¥ste Ao] ofd, FAAA
TolAE 7HERIUHe
oE Al =5l Hisf 7]
0] ¥ AGo] A4staLl glZe] vtgd Ao, A=

g

3.4 320

o

=)

1, 558 B4 RE AR BA 7PIES KT o
F 23 Aveh vlaste] PES +ASATHTable 4). 2
AuR B8 458 B4 LE A ARE BE A4
£, SMBEAAHEA LY, FAutol QBT T
(GBIF), YAEAA Agohs 82 AXEES 24 2 &
S3toick. P HMES TESIo] AZE A ST LEo
AARESLS] DAL Ha B3 PR} 63.64%
Vg A QX O Uehtom R 57.14%,
FHREILE 46.68%, HILE 33.87% LrERge). E5 ]
71 S%o) okmA| o] A HPSFOR FAR
4L 7H3 glol, ol I AA B AE Ak
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Fig. 6. Potential distribution of endangered coniferous tree species using HyTAG model
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Table 4. HyTAG model validation using PrP

lon
oN
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ne

Picea jezoensis Abies koreana Abies nephrolepis Pinus pumila Overall
Sact” 69 88 62 7 226
Spred” 29,784 1,164 432 1,538 32,148
Sboth” 32 56 21 3 147
Prp? 46.68 63.64 33.87 57.14 65.04

Sw* @ the area identified in only the actual species distribution(km?)

Sp,edb : the area identified in only the simulated results(kmz)

Shom’ : the area identified as containing species of interest in both and actual species distribution and the simulated results(kmz)

PrP! : prediction probability(%)

Area(km?)

27,000

Jezpensis

overall

Pinus pumila

Fig. 7. Change distribution of endangered coniferous tree species in the past and

future
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