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Prediction of Acer pictum subsp. mono Distribution using
Bioclimatic Predictor Based on SSP Scenario Detailed Data
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ABSTRACT: Climate change is a key factor that greatly influences changes in the biological seasons and geographical
distribution of species. In the ecological field, the BioClimatic predictor (BioClim), which is most related to the physiological
characteristics of organisms, is used for vulnerability assessment. However, BioClim values are not provided other than the
future period climate average values for each GCM for the Shared Socio-economic Pathways (SSPs) scenario. In this study,
BioClim data suitable for domestic conditions was produced using 1 km resolution SSPs scenario detailed data produced by
Rural Development Administration, and based on the data, a species distribution model was applied to mainly grow in
southern, Gyeongsangbuk-do, Gangwon-do and humid regions. Appropriate habitat distributions were predicted every 30
years for the base years (1981 - 2010) and future years (2011 - 2100) of the Acer pictumsubsp. mono. Acer pictumsubsp. mono
appearance data were collected from a total of 819 points through the national natural environment survey data. In order to
improve the performance of the MaxEnt model, the parameters of the model (LQH-1.5) were optimized, and 7 detailed
biolicm indices and 5 topographical indices were applied to the MaxEnt model. Drainage, Annual Precipitation (Bio12), and
Slope significantly contributed to the distribution of Acer pictum subsp. monoin Korea. As a result of reflecting the growth
characteristics that favor moist and fertile soil, the influence of climatic factors was not significant. Accordingly, in the base
year, the suitable habitat for a high level of Acer pictumsubsp. monois 3.41% of the area of Korea, and in the near future (2011
- 2040) and far future (2071 - 2100), SSP1-2.6 accounts for 0.01% and 0.02%, gradually decreasing. However, in SSP5-8.5, it was
0.01% and 0.72%, respectively, showing a tendency to decrease in the near future compared to the base year, but to gradually
increase toward the far future. This study confirms the future distribution of vegetation that is more easily adapted to climate
change, and has significance as a basic study that can be used for future forest restoration of climate change-adapted species.
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Table 1. Produce detailed BioClim data with Multi-Model Ensemble simply averaging 18 GCMs below

Institution (Country) GCMs Resolution References
Geophysical Fluid Dynamics Laboratory (USA) GFDL-ESM4 360x%180 John et al. 2018
Meteorological Research Institute (Japan) MRI-ESM2-0 320%160 Yukimoto et al. 2019
Centre National de Recherches CNRM-CM6-1 24572 grids distributed Voldoire 2019
Meteorologiques (France) CNRM-ESM2-1 over 128 latitude circles Seferian 2019
Institute Pierre-Simon Laplace (France) IPSL-CMBA-LR 144%x143 Boucher et al. 2019
. MPI-ESM1-2-HR 384x192 Schupfner et al. 2019
Max Planck Institute for Meteorology (Germany) MPL-ESMA-2-LR 192%96 Wieners et al. 2019
Met Office Hadley Centre (UK) UKESM1-0-LL 192x144 Good et al. 2019
Commonwealth Scientific and Industrial Research
Organisation, Australian Research Council Centre of ACCESS-CM2 192x144 Dix et al. 2019
Excellence for Climate System Science (Australia)
Commonwealth Scu_entl_flc and Indgstrlal Research ACCESS-ESM1-5 192x145 Ziehn et al. 2019
Organisation (Australia)
Canadian Centre fo_r Climate Modelling and CanESM5 128x64 Swart et al. 2019
Analysis (Canada)
. ) . . INM-CM4-8 180x120 Volodin et al. 2019a
Institute for Numerical Mathematics (Russia) INM-CM5-0 180120 Volodin et al. 2019b
. EC-Earth Consortium
EC-Earth-Consortium EC-Earth3 512x256 (EC-Earth) (2019)
Japan Agency for Marine-Earth Science and .
Technology/Atmosphere and Ocean Research MIROC6 256x128 Shiogama et al. 2019
Institute/National Institute for Environmental
Studies/RIKEN Center for Computational MIROC-ES2L 128x64 Tachiiri et al. 2019
Science (Japan)
NorESM Climate modeling Consortium consisting of g
CICERO (Norway) NorESM2-LM 144%96 Seland et al. 2019
National Institute of Meteorological Sciences/Korea KACE-1-0-G 192x144 Byun et al. 2019
Meteorological Administration (Korea)
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Fig. 1. Appearance point of Acer pictum subsp. mono.
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Table 2. Environment variables entered into the model

En\\gﬁgtr)?eegtal Description Unit Data type Data soure
Bio01 Annual Mean Temperature °C Continuous
Bio02 Mean Diurnal Range °C Continuous
Bio04 Temperature Seasonality °C Continuous Rural Development
Climate Bio08 Mean Temperature of Wettest Quarter| °C Continuous Administration-based
Bio12 Annual Precipitation mm Continuous S8Ps Scenario
Bio15 Precipitation Seasonality % Continuous
Bio18 Precipitation of Warmest Quarter mm Continuous
Elevation DEM m Continuous
Slope Slope % Continuous Minist}r(yog‘aE(rzl\(/)i;%r)]ment,
Terrain Aspect Aspect ° Continuous
Drainage Soil drainage grade - Categorical Forest Service, Korea
Topography Forest Soil Map - Categorical (2020)

d, Bailing and Jian (2014)2 Bio04 (7]2 A&A),
Biol5 (733 A4 A), Bio02 (4t €5 H9)), Bio08
g 43 5719 Wt £5)9) Biol8 (714 mHEgH i
719) A )o] Leksl 2 Asksle] WEAS 2 A
FOhL 7z alo] & oAl me ) |l AR
A7\ A AR 1344 02 A ws

SEAAE 71 WS Arlsle] BIAIATS
apal7] 18 w4 7t ol A4S Sl
1=0.85 o]/l M= 27| el Aito| A 7|7} =
& W 7] L A A G,

IPCC 62} F7H LA o] A] A5-5}= SSP ALt 2
47HA] iz A 2o E AFe L F AR AN R
715 THE AL B e} Aol 71 2
Al EFe18}31A} SSP1-2.63} SSP5-8.5 A& 271K = &+
213t} BioClim A== 187} GCM (Global Climate
Model)S- 0]-83}o] T H#3t MME A2 S -85
gom, ulgf 2100E-E 7]&0 & 7|2 & (Hisotrical
period, 1981 - 2010¢), L]z} (Near future, 2011 -
2040'd), 27} 12| (Middle future, 2041 - 2070),
1)} (Far future, 2071 - 2100d)©] 3047} Bt A=
230k

O{N

24 ZREDH HES 25t

MaxEnt=4%29] 304 7|7H (7|2 A%, 2u)e), 5
na, ojel)ol] ois) @A) A A 2k Lz
o &ah=t] 4 lct Bl ol & 52 7% 23

mlm r“

(FC; feature class)¥} 113} 5= (RM; regularization
multiplier) 17 7}X] v 7} ®= Aeo]] oJsf gk W=
t}. FC+=L (linear), Q (quadratic), P (product), T (thre-
shold), H (hinge), C (categorical) 67}] 230 & = dl 2]
Asph kst mdlof ALgE thE Sy usEe 4
& Wsto] 222 olu|slt) (Elith et al. 2011). RM-2
2o]| A FCO = E Aol md B2k 1l
A4S ®ER] g1} (Oh et al. 2021). RM Zro| 224
2 20111 % 2 7| 50) o 2 e 2|58 2 2
E7H A B 48 ) glow, v
RM gho] 242 o 2 9o 483 4 gl oS
AR, QO R 05EAR SA2 271470

HE 5,078 RM A= 2714-& 28390t} 5, 6714
FC (L, H, LQ, LQH, LQPH, LQHPT)2} 10714 RM
(0.5,1.0,1.5,2.0,2.5,3.0,3.5,4.0, 4.5, 50)31—1%]—
of g IS 915 607 2F s Hlusto]
AICcZFo] 7HaF Uho 3 S A Agic), oJula o @ Lt
S AICe Zho] Bl 71 Aluke] 2.2 o 2 vkl A
5 2 A2 A| Qlch (Warren and Seifert 2011). X3 uf]
M4 FASEE 948 R 97| A] raster, ENMTools,
ENMeval -2 2834}

MaxEnti=% & A|go] WA A o2 B A2
Qe AR AT AL 7R Ao ® Bt
(Kramer-Schadt et al. 2013). 12}, A4 £ £ ¢o]
Bl B 0.2 WapElo] i $217} glo] w2}
7} 243} (overfitting) = YkA23) (underfitting) 2
2> 9lt}(Yackulic et al. 2013). waba] H A Lo A= %
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Fig. 2. Jackknife test of regularized training gain contribution of the considered environmental variables and their.

A 2 FHEE 7HEe 2 224 AY WE XS
AlE3k= R 37]2] MASS 2] kde2d FHE ARE-5H
bias layer& AJ/ds}ar melof] A-g-sto] E2o] 245}
< WAk MaxEnt9] ‘Replicates’= 103], ‘Repli-
cated run type’-2 ‘Crossvalidate’ & ATEH3} O, &L
P ARE- 71t A o1 vl %]z o] 2F38,00071
2 3191 %] o] ‘Max number of background points’+= &
HkA o 2 w7 XA o] 10,0007 o]Ate|H 10,0002.2
AA317] wj&20]) 10,000.0.2 A4 A3} (Barbet-Massin
et al. 2012).

o] oS Aehe= AUC ghol|l ket 5709] 5+
(fail : 0.5 - 0.6, poor: 0.6 - 0.7, fair: 0.7 - 0.8, good: 0.8
- 0.9, excellent: 0.9 - 1.0) .2 =230t} (Swets 1988).

H=0] 2 QAL 7] % (Percent Contribution) 2} <
A % (Permutation Importance) & Z3f] &3 11, H
1+ F 8.5 Jackknife 785 35to] ERICE
o, W4 R AL Blelstol RS E IO TR
Solgick o 2 o) A0l HE Gole Bt
517] 918l MaxEnt A2 =5 A e 7| $HS}
of whe: A4 Mgk 7} A] B 0 2 AL g Bl 57t
A HH ¢l ‘equal interval approach’ & A3} 57}
A 55 (0-0.2, 72435 02- 04, F& A3H; 0.4 -
0.6, 8F 234 0.6- 0.8, 7 2TH: W08 - 1, &
Hg) 0R AR RE Aohg ERAT (Li et al
2020, Ab Lah et al. 2021).

2
1=Exv
LN

3. Zut A 1H
3123 85 o ¥4 39 T}

Table 3. Contribution and importance between climate

and terrain variables in MaxEnt

Variable | o idion | mportance
drainage 26.9 13.8
bio12 23.8 31.7
slope 23 17.6
bio8 11.2 28
DEM 9.1 3

5] glof, 2 29 750 BAalA 5710 47
o779 71T Mes THEC B A Anis
RM 7} 1.53} 84 FC ZFLQHE A¥3}= ‘LQH-1.5’
b #el A mRS AR 2O tehich
LQH-15 Welg o[ §5ho] 7719 TR ) &
Z A4S |53 Ak, B He] B test AUC G
0.881% of|& g7k a1, Al =g 4= Sl At &2
o2t a4 = et (Fig. 2).

T DR 2o o] 5L 7|0l =S ek
Lowigl w55 (26.9%) T Biol2 (23.8%), AAF
(23.0%), Bio08 (11.2%), T (9.1%) 220 & T}l
olom, B2 2 Q w1 biol2 (31.7%), bio08 (28.0%),
ARH(17.6%), Hl2= 52 (13.8%), 3% (3.0%) 0.2
gol 5 Qlc} (Fig. 2, Table 3).
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drainageb bio12b DEMb
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Fig. 3. Response curves for key variables in MaxEnt results.
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Fig. 4. Potential distribution of suitable area of Acer pictum subsp. mono under climate change using SSP1-2.6 and
SSP5-8.5 in South Korea.
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