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Climate Change Impact Assessment of Abies nephrolepis (Trautv.)
Maxim. in Subalpine Ecosystem using Ensemble
Habitat Suitability Modeling
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ABSTRACT

Ecosystems in subalpine regions are recognized as areas vulnerable to climatic changes because rain-
fall and the possibility of flora migration are very low due to the characteristics of topography in the
regions. In this context, habitat niche was formulated for representative species of arbors in subalpine
regions in order to understand the effects of climatic changes on alpine arbor ecosystems. The current
potential habitats were modeled as future change areas according to the climatic change scenarios.
Based on the growth conditions and environmental characteristics of the habitats, the study was con-
ducted to identify direct and indirect causes affecting the habitat reduction of Abies nephrolepis.

Diverse model algorithms for explanation of the relationship between the emergence of biological
species and habitat environments were reviewed to construct the environmental data suitable for the
six models(GLM, GAM, RF, MaxEnt, ANN, and SVM). Weights determined through TSS were applied

to the six models for ensemble in an attempt to minimize the uncertainty of the models. Based on
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the current climate determined by averaging the climates over the past 30years(1981~2010) and the

HadGEM-RA model was applied to fabricate bioclimatic variables for scenarios RCP 4.5 and 8.5 on

the near and far future.

The results of models of the alpine region tree species studied were put together and evaluated and

the results indicated that a total of eight national parks such as Mt. Seorak, Odaesan, and Hallasan

would be mainly affected by climatic changes. Changes in the Baekdudaegan reserves were analyzed

and in the results, A. nephrolepis was predicted to be affected the most in the RCP8.5.

The results of analysis as such are expected to be finally utilizable in the survey of biological species

in the Korean peninsula, restoration and conservation strategies considering climatic changes as the

analysis identified the degrees of impacts of climatic changes on subalpine region trees in Korean pen-

insula with very high conservation values.

Key World: RCP, Bioclim, Endangered Arbor, Subalpine Region
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BIOO1 = Annual Mean Temperature . © ... .... O
BIO02 = Mean Diuranl Range (Mean of monthly (max temp - min temp)) .. ® O . @

BIO03 = Isothermality (B102/8107 x 100) 0.75

BIO04 = Temperature Seasonality (standard deviation x 100) ‘ .. . . ® . . .
BIOOS = Max Temperature of Warmest Month . . . . . ' 05
BIO06 = Min Temperature of Coldest Month .. ‘ . @] . &) .
BIO07 = Temperature Annual Range (8105 - BIOs) . . . . . .
BIO08 = Mean Temperature of Wettest Quarter ‘ . . . 025
BIO09 = Mean Temperature of Driest Quarter . . . . .
BIO10 = Mean Temperature of Warmest Quarter . ‘ 0
BIO11 = Mean Temperature of Coldest Quarter . . .
BIO12 = Annual Precipitation ‘ C IO ) .
BIO13 = Precipitation of Wettest Month . . . .
BIO14 = Precipitation of Driest Month . . . .
BIO15 = Precipitation Seasonality (Coefficient of Variation) . . . . . =03

BIO16 = Precipitation of Wettest Quarter ‘ O
BIO17 = Precipitation of Driest Quarter . ‘ ~0.75
BIO18 = Precipitation of Warmest Quarter ‘

BIO19 = Precipitation of Coldest Quarter .
-1

Figure 1. Result of Bioclimatic Variables’ Correlation Analysis. Pearson correlation coefficient matrix comparing
paired environmental covariates. Negative correlations are shaded red; positive correlations are shaded
Blue. Strength of the correlation is indicated by dot size and red or green color saturation. High
correlation between covariates is also indicated by the size of the colored oval delineating each
comparison. The definition of each covariate(y-axis) and its coded counterpart(upper x-axis) are defined
per comparison.

Table 1. Environmental predictor variables used to habitat niche model

Variable Code Description Type* Reference
Bio01 Annual Mean Temperature Co KMA
Bio02 Mean Diurnal Range Co 1980~2010
. Bio04 Temperature Seasonality Co average(Present)
Climate - " .
Biol2 Annual Precipitation Co KMA
Biol3 Precipitation of Wettest Month Co HadGEM3-RA
Biol4 Precipitation of Driest Month Co (RCP 4.5, 8.5)
DEM SRTM v3 Co NASA
LF Landforms from TPI Ca
Topography SP Slope Position index from TPI Ca .
Derrived from SRTM v3
ASP Cos{ (Aspect*xT1)/180} Co
SLP Terrain Slope Co
FSD Forest Soil Depth Co
FST Forest Soil Texture Ca
Forest Soil FGIS
FSM Forest Soil Moisture Ca
FRER Forest Rock Exposure ratio Ca

* Co: Continuous Value, Ca: Categorical Value
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Table 2. Comparison of model algorithms. SDT, Species Data Type; PI, Predictor Interactions; HnLF, Highly
non-Linear Functions; Cat, Categorical predictors usage; DD, Data Dependency; Det, Deterministic

Concept Model | SDT* PI | HoLF | Cat DD Det Key reference
. BIOCLIM | PO N N N Y Y Busby (1991)
Environmental 700 /0™ po N N N Y Y | Carpenter et al. (1993)
Envelope
ENFA PE Y N N N Y Hirzel et al. (2002)
. GLM PA Y Y Y N Y | Guisan et al (2002)
Regression GAM PA Y Y Y N Y Guisan ef al. (2002)
Analysis
MARS PA Y Y Y Y Y Friedman (1991)
CART PA Y Y Y Y N | Sinclair er al (2010)
RF PA Y Y Y Y N Brieman (2001)

. BRT PA Y Y Y Y N Elith et al. (2008)
Machine ANN PA Y Y Y Y Y | Pearson e al. (2002)
learning

SVM PA Y Y Y N Y Guo et al. (2005)
MaxEnt | PE Y Y Y N Y | Phillips er al. (2006)
GARP PA Y Y Y N Y Elith et al. (2006)

* PO, only presence data used; PE, presence compared against the entire region; PA, presence and some form of

absence(or pseudo-absence) required

Nilsson et al., 2000; Gregory et al., 2001). 7]%
Wgl o] e AAA NEE dEaE A
EE A2 gad vl AREy] A 23t
NF wre] @Al BT Aole] YA WA

o-gsto] mgje] 71F Aluel e el A F 22
£ F4st= A&7 5H 9 29 g (Bioclimatic
envelope modelling) 4l 2]&3ta ATt
1995; Thomas et al., 2004
T 2xE HB3st

(Huntley et al.,
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Elith et al., 2006).

2Egg MAer] sl 23 7t vjud
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oM i

M

o,
mx

F

TE 959 ¢ o]E(continuous value)$t B
33 t| o] El(categorical value)E =5 &-g3jof
sl © 2 BIOCLIM(Climatic envelope), DOMAIN
(Gower metric), ENFA(Ecological Niche Factor
Analysis) B8 & W71 AR DA A A 9]t
Atk ddFow RE RYS B g3
T 71 w2l 7 el o] &%
< Ao 2 B 7]4ke] GLM(Generalized Linear
Models), GBM(Generalized Boosted Models), 7]
A BE EEQl ANN(Arti-
Network), MaxEnt(Maximum Entropy), SVM
(Support Vector Machines), RF(Random forest)<]
% o7 BE & AFssh
R #71%1¢] Biomod2& AH&- %M 759 ¢
e BEE ol e F xR
ME 2YE TSSHE R 7135 Fof 78
Aok gER AAE dae FEHQ N2
- =5}7] wj&Eoll(Sinclair et al., 2010), E2 91
g)A0] 7}edt s W7 S (sensitivity) 2 5o =
(specificity)9] o] Huj7} H& @& 7IFo=
4 2d AZR] WIS A=
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Figure 2. Result of bioclimatic variables by spatial filtering for correlation

between location of occurrence.
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Table 3. Annual Temperature and Precipitation changes in A. nephrolepis

2050°s(2041~2060) 2070°s(2061~2080)
Climat Current
MaLe RCP4.5 RCP8.5 RCP4.5 RCP8.5
variables
Temp. S.D.| Temp. S.D.  var Temp. S.D.  var Temp. S.D.  var Temp. SD.  var
Tem(i,l"’a‘“‘“e 630 079 721 100 A 090 787 100 A 151 777 100 A 147 984 099 A 3.5
Pfec(igﬁf‘)ﬁ"“ 1,403 3474 17235296 A 31935 1751 5228 A 34822 1819 5740 A 41618 1924 68.18 A 52048
AgATe] 122 B AFE HFoA E A9 T7](64.3%), N'E11(304%), L3
Az E7L AR AW £4S FEI) 71 &2H1.2%), AFAWEH1.1%) 22 Vet
o ZEA A w2 FFJAE A5 A o, FHARE "o R o AR EA F
0750139 FAIE 7t B Wge dgdr|e EggFRo] ml$ 583 A9 Zds9 =,
(Bio01)# FA|F 1R (DEM)HGFZ YEFHTH olo ME EUFESY 7|HEE 0.7% = YEL

ol Ao & HAvkdr) LI Bujuies F2 1

Aol TRkE FA87] W Eoll(KNA, 2010)

YR EH = (FRER) M-S A&silon, E
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Table 4. Changes in Backdudaegan protected area due to climate change in A. nephrolepis

; RCP 4.5 RCP 85
A. nephrolepis 2050’s 2070’s 2050’s 2070’s
No change 23,572 19,708 2,941 2,804
Mai&;ﬁ;’“a Contraction 18,773 22,636 39,404 39,540
Expantion - - - -
No change 5,221 4,564 702 546
B‘lﬁzig)ma Contraction 4,030 4,687 8,549 8,704
Expantion - - - -
No change 28,792 24,272 3,642 3,351
T(’t?lgag’“a Contraction 22,803 27,323 47,953 48,245
Expantion - - - -




it

A8 A Rulre] 75 G} 113

Table 5. Changes in national park area due to climate change in A. nephrolepis

. RCP 45 RCP 8.5
A. nephrolepis (unit, ha)

2050’s 2070’s 2050’s 2070’s

No change 2,194 1,826 728 728

Seorarksan Contraction 1,434 1,801 2,899 2,899
Expantion - - - -

No change 2,112 1,529 73 73

Sobaeksan Contraction 3,628 4211 5,667 5,667
Expantion - - - -

No change 7,578 7,084 862 643

Odaesan Contraction 1,614 2,109 8,331 8,549
Expantion - - - -
No change - - - -

Woraksan Contraction 364 364 364 364
Expantion - - - -

No change 6,919 5,827 1,092 1,092

Jirisan Contraction 3,520 4,612 9,346 9,346
Expantion - - - -
No change - - - -

Chiaksan Contraction 1,020 1,020 1,020 1,020
Expantion - - - -

No change 677 605 136 136

Taebaksan Contraction - 72 541 541
Expantion - - - -

No change 1,529 1,675 583 218

Hallasan Contraction 583 437 1,529 1,894
Expantion - - - -

No change 21,010 18,546 3,474 2,892

Whole region  Contraction 12,217 14,681 29,753 30,335
Expantion - - - -
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Figure 4. Subalpine region of Korea in this study
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Table 6. Suitable habitat area on the subalpine major region by province, RCP, period

Subalpine area o RCP 4.5 RCP 85
(unit: ha) 20505 2070s 20505 2070s
Gangwon-do 70,609 37,858 -46.4% 32,157 -54.5% 3,992 -94.3% 2,769  -96.1%
Gyeongsangnam-do 8,259 4,603 -44.3% 4,120 -50.1% 809 -90.2% 809 -90.2%
Jeju-do 3,043 1,863 -38.8% 1,394  -36.4% 645 -78.8% 287  -90.6%

S. Korea 98,554 51,130 -48.1%

43,135 -562% 6,117

-93.8% 4,606 -95.3%
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