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ABSTRACT

The seriousness of climate change is being discussed in various fields, including the importance of efficient afforestation and forest

management as a major carbon absorption sink to help achieve the 2050 carbon neutral aim. The scheme of climate change data has

been changed from Representative Concentration Pathways (RCP) to Shared Socioeconomic Pathways (SSP) to reflect socioeconomic

land use. The SSP can be used to predict the distribution of future tree species when used with the existing Hydrological and Thermal

Analogy Groups (HyTAG) model. Therefore, this study predicted potential distribution changes by tree species using RCP and SSP

scenario data and compared the trends of the two scenarios to actual climate change data. For the analysis, climatic indices were

constructed by period and used in the HyTAG model to predict potential distribution of tree species. Growth of needleleaf and

broadleaf trees was confirmed only in the vicinity of the

8.5) and 97% (SSP 5-8.5) in the RCP and SSP scenarios,

alpine region of Gangwon-do, with decreasing proportions of 81% (RCP

respectively. In addition, the area of such trees decreased by 50% in the

long-term (2051-2080) compared to the mid-term (2021-2050) and was nearly depleted in severe cases. Comparison of hydrological

and thermal indices by climate change scenario confirmed that actual climate change was progressing faster than predicted in any

climate change scenarios. These results show that forests, which are major carbon absorption sinks, are facing serious risks from rapid

climate change and should be considered in decision-making on climate change adaptation measures and future afforestation strategies.
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Fig. 1. Study area and used forest type map (Korea Forest Service, 2019)
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Table 1. Area of each tree species (km?)

Species Size
Pinus densiflora 12,822
Pinus koraiensis 1,584

Quercus acutissima 1,000
Quercus mongolica 2,604
Quercus variabilis 1,448
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Fig. 2. Flow chart of the HyTAG model
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£ JEE 7551 Fa7AeE EE5HUTHE. (2). o
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PEI=10x Y PEratio
Jan

P(inch): Monthly Precipitation
T(CF): Monthly Mean Temperature

3) FALZA|4(Mean Temperature Index of the
Coldest Month, MTCI)

A=A p= A9 W d(cold resistance)e YEF
U= AR, AE0] 99 dE 5 Ue A=E HEd
A|g=o|t}. Neilson (19952 7 & 29 Hat 7|2
wje} kel Algee] 27} gebd Zojet mslglem,

SaLiE} DR 45 2 o o7 123

Bachelet et al.(2001)2 Z3ted FHA 7]2& 9u|st= A
4291 MMT(Monthly mean temperature of the coldest
month)E 544 2 d(Dynamic Vegetation model)¥} &1
Alste] HAR2EXF2 &89t v Ut oo & At
M A W2 E45H7] Al 2t Bt 71eS
2&3to] HAALEATE FEIFUHEG. (3)).

— ™ 100 (MTC=t,,,)
thi ~tmia

MTCT=1 " Ve

x (—100) (MTC<t, ;)
tmid - 7flaw

Eq. 3)

MTC: Monthly Mean Temperature of the Coldest Month
tni: 18T

tmia: 1.5C

tiow: -15C

Table 2. Optimal climate range of WI, PElI and MTCI for each tree species

Species Optimal WI range Optimal PEI range Optimal MTCI range
Pinus densiflora 76.18 ~ 104.42 75.57 ~109.2 -43.7 ~-9.58
Pinus koraiensis 70.53 ~97.34 80.335 ~110.12 -55.54 ~-24.25

Quercus acutissima 87.11 ~103.1 80.71 ~ 100 -37.61 ~-15.37
Quercus mongolica 61.87 ~93.36 79.74 ~ 121.21 -61.75 ~-24.45
Quercus variabilis 73.28 ~98.92 76.98 ~ 109.68 -49.53 ~-16.97

Table 3. Distribution of the WI, PEl and MTCI under RCP (4.5, 8.5), SSP (1-2.6, 5-8.5) scenario and observed

climate (1971 ~ 2000)

Yearly WI PEI MTCI

Past 1971 ~ 2000 40.12~134.4 42.92 ~289.39 -98.16 ~32.94
Mid-term 4236 ~154.4 55.17~423.92 -76.42 ~43.67

RCP 4.5
Long-term 48.25~167.07 65.30 ~438.59 -69.79 ~ 48.02
Mid-term 444 ~156.3 58.31~420.75 -80.33 ~41.87

RCP 8.5
Long-term 55.47~177.03 58.31~420.75 -66.1 ~53.17
Mid-term 46.64 ~ 159.29 53.71 ~ 644.08 -78.18 ~37.45

SSP 1-2.6
Long-term 49.7 ~165.13 60.77 ~ 653.43 -77.33 ~39.31
Mid-term 48.77 ~ 164.06 52.54 ~ 651.69 -71.45 ~41.57

SSP 5-8.5
Long-term 63.03 ~ 189.25 60.56 ~ 628.72 -58.92 ~53.69
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Fig. 3. Box plot of WI, PElI and MTCI by Climate Change Scenario
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3.2. 7|2Hs} ALIEIR0] ME +F'E 0|2 EXf 2L He}

RCP 4.5 A[Ute] 0|4 A P4Ql ARl ZpRo] &
A Bx WAL 272021 ~2050)0 4 &Z71(2051 ~ 2080)
2 Ho7IHA 59%, 73%2] HA o] ZAastlon, &4
Ql AU, AR, S3R= 65%, 61%, 69%9]
HA o] Aot 2A7FA A7 HFo] o] AdH
RCP 4.5 AU QoA & 7| TSI Qs Ayt o=z 4
gt o] 9] =3 A 29| HHo| FrAshs AL Bl
g 4= QIti(Table 4).
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AUTH(Fig. 5).
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, 2Rl WA A HlEL 99%, 97%, 98%= Ui-%-
o ZrAago] Yergtt o]st A= SSP 5-8.5 AlUE]
Bl =ET 7| EA e} =5 BE A%t V)¢ 2
Zo] GAok= A Fo] A9 glis AL u|gitt. oo wet
SSP 5-8.5 A|UE]Q &7](2051 ~2080)0f= 4EH Hxm
A7} FAH Eolg ALE HofXIth(Fig. 6).
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Fig. 4. Distribution of the WI, PElI and MTCI in South Korea for the Mid-term, Long-term

under RCP 8.5, SSP 5-8.5 scenario
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Table 4. Area (km?) of the distribution changes for each tree species under climate change scenario
RCP 4.5 RCP 8.5 SSP 1-2.6 SSP 5-8.5
Yearly Mid-term Long-term Mid-term Long-term Mid-term Long-term Mid-term Long-term

Pinus densiflora 25,880 10,764 20,401 4,965 14,126 7,140 14,638 834
Reduction ratio 59% 76% 51% 94%

Pinus koraiensis 13,561 ‘ 3,681 11,505 ‘ 1,577 10,317 ‘ 4,684 8,861 ‘ 78
Reduction ratio 73% 86% 55% 99%

Quercus acutissima 11,159 ‘ 3,909 8,626 ‘ 1,572 4,966 ‘ 2,174 5,858 ‘ 13
Reduction ratio 65% 82% 56% 99%

Quercus mongolica 13,815 ‘ 5,405 12,620 ‘ 2,379 10,633 ‘ 5,755 8,799 ‘ 241
Reduction ratio 61% 81% 46% 97%

Quercus variabilis 18,511 ‘ 5,850 14,075 ‘ 2,329 10,584 ‘ 5,157 10,376 ‘ 158
Reduction ratio 69% 83% 51% 98%

AubAog 42 By Mol= RCP 4.5, 8.5, SSP 1-2.6,
5-8.5 AU Q. BT A7](2051 ~ 2080)F Hol7FHA L%
AR Lo ARt Bk At 202 UEuAY, &
I AR AR APolA] 9w Ao, AR oA
IAYE o] 5H Ao= dEElon, A= X A
7F iR AR ZoE ERIE .

3.3 #Z71d, RCP, SSP AlLt2|e H|w

2 7olM= RCP, SSP AlUE|leE B3 5Tt
20219 7183 20219 #1571 AR HluE F
s AA 715Het Fde mersjR At shelnt

AA, 20219 #5714 BARE L85kl =E%
WIE= RCP, SSP AlUp2| Q. Hy S4gh Sehgh 2w At
07 A Uehdth PEL= RCP AU Q. Hit &2 =
kol UERE O SSP Al @ Hh= WA et oH,
MTCIi= RCP 8.5 AU 5 Aot HE AlUE|e Kot
=tel =/ e th(Table 5). 247k vt <
ko] a3 A A EEE Htgste] oS3t RCP, SSP 7%
HgE AldE|e B #5712 S8 75 71RA
grol ARt oz A YA vttt £E0R 89l
=t o714, BE71E F9 5% WI MTCIZF A
U2l 71 Mgk Bk A vehd 22 343 71§
St mE 7] 5ol YloR wdEw, ol 7| F s}
A2 oS3 20219 Bt AA| 7|5 ste] £re7t
HrEA g, A% 2debt APHIT 9 o
gkt SEANRL, PEIE d==9] WE/de] a9, A A=t

WA} Z745H A7 etRA, ssP AlGEle 7154
0] ZHglo] ) 7 Ueht Ao waEr:

4, 1%

B Ao AE RCP, SSP 7| T W3t A[UE] Qo mHE o
A SEvet = A EX IS A3 HHoR A
5t7] 95 HyTAG E3& &8st #=FE WI, PEL
MTCIS] £ 753t 7|1% 213 E&56t, o] i& &
TE A Bx HIE dSsith % £x9] 4 7]
< H9E &5 sl 283t 7|SA|5 F PEI= 24
7kA HjERo] FUoke AlUE R E 24
7¥sht Batgkel S71eF Wl A2 vlnlstA| et
olg3t A= 5ol Stk FHFH QA vt ATt
Zrojzlo whet Sthgto] S7e Ao = motEn, ol= 7
RO FAZ F36HA] o, HsAdo] & Aol e
2 gt shA|gh 7123 IE Wik MTCL= v=
& 445 7]20] F7ietel wet gk SeEte] 3
S7Fotqitt. o] Egt 715 R 4=0] W3} FA2, 7] FHIL A
U2 04 dSH vie} o] 7|2 5o = Ieh A Bt
7129 A5 A2 QT A Ax9 S7F 99
o2 wEthSung et al., 2012). wEbA], 219 71| HA}
7h A8 AAN AL @7 JAEHR] HE, 29, E9 5ol
Qs EAS Aolgt AEE L loH, o]= AFEAYH
Aol o] A&Ho|n SAQl WIS o7 4 Stk
(Moon et al., 2020).
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Table 5. Distribution of the WI, PEl and MTCI under RCP, SSP scenario and observed climate in 2021

Climate data source Year WI PEI MTCI
Observed Climate 46.31 ~162.46 42.64 ~ 430.63 -90.31 ~43.49
RCP 4.5 36.7 ~144.6 46.89 ~395.26 -100.6 ~ 29.09
RCP 8.5 2021 37.23 ~ 149.63 40.61 ~373.88 -66.61 ~47.02
SSP 1-2.6 48 ~157.8 52.5~685.16 -83.63 ~30.3
SSP 5-8.5 433 ~1489 58.16 ~ 672.83 -80~30.3
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2ItH(Choi et al., 2011; Yoo et al., 2020). o]0 & Lo
M= HSHE HYyTAG E32 &8st &5 EX HilE
of7|ot= 71T HskY] kS mHetotlet. 715X S
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