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Estimating Korean Pine(Pinus koraiensis) Habitat Distribution
Considering Climate Change Uncertainty®

- Using Species Distribution Models and RCP Scenarios -
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ABSTRACT

Climate change will make significant impact on species distribution in forest. Pinus koraiensis which
is commonly called as Korean Pine is normally distributed in frigid zones. Climate change which
causes severe heat could affect distribution of Korean pine. Therefore, this study predicted the

distribution of Korean Pine and the suitable habitat area with consideration on uncertainty by applying
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climate change scenarios on an ensemble model. First of all, a site index was considered when

selecting present and absent points and a stratified method was used to select the points. Secondly,

environmental and climate variables were chosen by literature review and then confirmed with experts.

Those variables were used as input data of BIOMOD2. Thirdly, the present distribution model was

made. The result was validated with ROC. Lastly, RCP scenarios were applied on the models to create

the future distribution model. As a results, each individual model shows quite big differences in the

results but generally most models and ensemble models estimated that the suitable habitat area would

be decreased in midterm future(40s) as well as long term future(90s).

Key Words : Species distribution models, Ensemble model, BIOMOD2, RCP scenarios.
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BIOMOD2E #-8-33{th. BIOMOD2+= R< 7]
Hko 2 & 23 0 224 107FA] 2 & (Generalized
Linear Models (GLM), Generalized Additive
Models (GAM), Classification Tree Analysis
(CTA), Mixture Discriminant Analysis (MDA),
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Boosted Models (GBM), Random forest (RF),
Maxent(Maximum entropy algorithm))<- 3
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\: Literature Review

Species distribution models,
Korean pine

\: Data setting )

Climate Data

* Present climate data
(2001-2010)
- Future climate
data(2050,2100)
(RCP secnario 2.6, 4.5, 6.0 8.5)
Analysis scale : 1km

Environmental data

« Species distribution data
« Soil data
Analysis scale : 1km

Species data

« Present points : Selected
300 points which are site

index above 14, 16, 18
Absence points: 300 points

\i Modeling \

\: Predicting Present distributionii\

Dependent variables

Independent variables

+ Climate data(2001-2010)
+ Altitude, Topography,
Slope

« Present distribution of
pine tree

BIOMOD2

| Predicting future distribution

Dependent variables

+ Climate data
RCP 2.6, 45, 5.0 8.5

Statistical verification

Prediction of present
distribution

« Data split: Training data
80% Testing data 20%

Future distribution data

Area of species
distribution(2050, 2010)

+ ROC curve

Figure 1. Flow of study.



SRE

o

2 o
g ™
o

£ w

c
o =
S ox
OLL
ot
o rm
o
oy

>~
o

of
—_
3R
aw

~
-

A | U o e

ot
(N

tlo
A

oo Lo
et

M
H
L o N

PN

-

Hy

i rN'

E =

>

>
2

2
X,
il

i
=
of
o
o
D)

ox, Mg
(i,
do rE oL

‘1} BIOMOD2°ﬂ
=) ,] 7@ ?sL/H

£ o o W s v
fincd

Ly H

r_‘f_,
o
of
ol
N,
of
ol
)
£,

ROC(Receiver operating characteristic)
o 45S s 99 By o
A L3S A5 vl 71
2] 2 RCP A W2 £ 2.6, 45, 6.0,
of nlE T EE 43 245 =

Ul o |
il (‘E Hu oy T

HHN‘
_OL
3R
£

Table 1. Input data.
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Category Subcategory Details Data Data type Data Reference
P t . . .
;::isliz 300 points 5th Forest Map Points Korea Forest service
Sampling points
Absence . . .
. 300 points 5th Forest Map Points Korea Forest service
points
. National acad f
Depth Soil survey data Category ¢ 1.0na aca er.ny N
agricultural science
. . . National acad f
Soil Drainage Soil survey data Category ¢ 1f)na aca er.ny ©
agricultural science
Envi tal . National acadi f
frvironmenta Types Soil survey data Category 4 1F)na aca e{lly ©
data agricultural science
Ministry of
Altitude DEM Continuous 1r.us o
environment
Topography Min "
. t
Slope DEM Continuous 11.115 o
environment
S Year Observed data & . Meteorologial
Precipitation o . Continuous e
precipitation RCP scenarios administration
Climate data Averzjlge temperature | Observed datfal & Continuous Metffto.rolog.ial
in January RCP scenarios administration
Temperature -
. Observed data & . Meteorologial
Coldness index . Continuous s
RCP scenarios administration
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Table 2. Testing data ROC.

Models RUNI1 RUN2 RUN3 RUN4 RUN5 Full Run 5 times
Maxent 0.765 0.740 0.842 0.807 0.753 0.871 0.881
GAM 0.802 0.817 0.838 0.835 0.759 0.829 0.828
GLM 0.827 0.826 0.826 0.847 0.750 0.824 0.825
GBM 0.824 0.853 0.884 0.874 0.807 0.927 0.923
CTA 0.800 0.797 0.797 0.779 0.708 0.818 0.822
FDA 0.82 0.813 0.818 0.829 0.786 0.830 0.831
RF 0.819 0.849 0.868 0.865 0.819 0.998 0.995
ANN 0.735 0.802 0.845 0.837 0.705 0.795 0.881
HoES v 2ol - FEHNS < 521 AAEE 7|Fo R AA AYE AT
stgith w3k B 75 glof 8719 BES 5 wAo] oF 2,300km?¢] A& 7Her @ w] o
H WAk 453 ROCFS ZE ZgA 08917 = TXHAd s 2 AolE Hole AL &<l
9] g Zte Aoz BN HA5WEe 7] & 4 it} A vk 7t ny o) Axte} 53k 4
Tl A BokE wf A H R BEo] & 1y TE Huel BtE W oF 50%9] dAEE B
Re-S 2l & 4= gItiTable 2) (Franklin, 2006) gt} 23] Aztel A4 WA zjo]= Y
7+ 2o =&d 53] wAHSANE T e, ole F 22X 232 2y Agge
ALE FEoIth 29 2 A4 Tbeet S A 7] w1

22 9]e] Y] 2o 2F 13,000 ~16,000km’
oz dEHth RY9 SA e o] B
gz goldt AxE B e, ol& 7 23]
zhe dare]se] Aol welgtal dehEth(Elith
and Graham, 2009; Miller, 2014).
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Figure 2. The results of estimated area from eight

models(GLM,GAM,CTA,ANNGBM,REM
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Table 3. The importance of variables (Janavgtemp: January average temperature, Yearprcp: yearly precipitation,

Coldinex:Coldness index).

Maxent GAM GLM GBM CTA FDA RF ANN
Soil drainage |  0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.01
Soil depth 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Soiltype 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Altitude 0.11 0.00 0.00 0.05 0.07 0.03 0.09 0.18
Slope 0.09 0.02 0.02 0.02 0.00 0.01 0.07 0.08
Janavgtemp 0.08 0.06 0.06 0.06 0.07 0.11 0.09 0.09
Yearprep 039 0.29 0.29 036 033 032 0.32 0.26
Coldindex 0.45 0.51 0.55 0.43 0.47 0.50 0.32 0.56
o] Z7}3to]| Wl Maxent+ THE EdHT ¥ 2005; Pearson et al., 2006; Elith and Graham,
%%@%ﬂ%@ﬁgiﬁa%qﬂmcaa- 2009; Miller, 2014).
AvEl e H2 Aog IRl EH 4712 Ay AlUE] Lol whE 2ol E vl & Hors uf, F
2|25 A8359S ) tAlH oz v g B ZInlefell & 4709 Alve] QoA R H|S=gk A
A Aol o SH QAT 5 Holu} 7w gfoll= RCP2.6914 RCP8.5
2 Z45E i) A d o] Folee e
Lh &7|olzy 1 Utk F7] 2 A7) viEe] A9 2
7} 230 AUg] 5 wkgdste] F7|nE e ofalApd, Ao B WA &) o] 24
A XA S oS3 A AT R g ZoR o SEn Z7|njHee 2ol At
A2 Fgure 59 20| EA=HUATE S710E F83F Ajole] U WA, A7|n|golE 23
= ZA3le} 7R & ANNS T2 23 wr} I Alge e B57F AFte] Aol E op|gk Ao
We WAl 11,094 ~25,984km?e] WAL o = 2 AtdthJose et al., 2009).
3191 21 FDA, GAM, GLM< 7H3 218 w29
Okm’C. & o =5tk 1 ¢l CT, GBM, RF= 3. YME BH 2t
HS=gk 23E Byloh F7Ine el A 2 1) A N5Z3}
7} Bee] Ade gERg Lﬂra} JFe e PRE 2P /I BY F ROCH©] 0.7¢]
Ao 2 ATHETE Maxent®] 7% A ol A B B dYste] mEet=ES sigith 7Y
AHF7E A2 TFs & Al Oﬂi— Rl o B3 EF ROCF] 0.70]%0]7] wjell &
= 7St i 2 Al ket B By 7354 E?:F»l"iﬂ} FRE RY A
W] J3e molgtal AZEthTable 3). < A3 EE RFA ROC 09 o]do= %
=71¢F A7) vl AaE Tt BHH, dZd Zo2 HrHHAT 1 FelME o
247re] REY e 2gA Aol AnE Bl ZH B 7teXE Fod FdE 23 3
ol 7 Byo] 7t dulE, YEwsele] o A2 EE 2%0l31] #e TS HIE B
AL, AW T 1Y Y] duE A FoA 092602 71 #& dS5HE Bl
e FEd webA] g F 7] WEe s & kA 2712 GAE B 21E8E 2%0l8k]
GE CH(Thuiller et al., 2004; Arau’jo et al #k(Prob.ci.alpha)Z < &8 o] & 3o 715
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Figure 5. Results of estimating present by ensemble models (left: coefficient of variation of probabilities(prob.cv)
middle: Confidence interval(prob.ci) right: Weighted mean of probabilities).
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o] 233 Al NP 2% ol = 2
35l 7k =23 AFoA] BT u)2d A9
Al 231 o) 7| 2 a oA qu A& o)A E

AAFOZA BEe] BG4S ST 3oz
A2 (Jose et al., 2009). Maxent} ANNo|| A
o2 2y vlaf o FHEHAD F2o] A9
HAL F BYolA o SHAD A9 EgHAAd
A] & (Coefficient of variation of probabilities)©l| 4]
B & YelthFigure 4).
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(Figure 6). 7|72} <& 23 dAA Tx
SAe} iR R A7 dFAAR 7
T dRAHe] A AR Hom o FEU
. HE3H RCPAIUE] Q. 471A] BT A F7]H]
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AL 2 o SE ATh(Figure 7).
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Figure 6. Results of ensemble models which RCP scenario 2.6, 4.5, 6.0, and 8.5 were applied (left: Coefficient
of variation of probabilities(prob.cv) middle: Confidence interval(prob.ci)/ right: Weighted mean of

probabilities).
Mid term (Em?) Mid term [ Km?)
25,000 25,000
20,000 20,000
e 15,000
10,000
10,000
5,000
5,000
o
0 RCP26 RCP45 RCPE.0 RCPE.S
RCP2E RCP4.5 RCPG.0 RCPES ™ present 17,858 17,859 17,859 17,858
w present 17,724 17,724 17,724 17,724 .
N . RN o 2,653 4,137 2,324 2,757
m Confidence interval 3,873 5,743 3,822 4,120 probabilities
m Confidence interval  m present m Weghted mean of probabilities  m present

Figure 7. Resuts of Korea pine distribution area in Mid term future(2040s) (Left: Confidence interval(prob.ci),
Right: Weighted mean of probabilities).
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Figure 8. Results of ensemble models which RCP scenario 2.6, 4.5, 6.0 and 8.5 were applied (left: Coefficient
of variation of probabilities(prob.cv) middle: Confidence interval(prob.ci) / right: Weighted mean of

probabilities).
Long term (Km?) Long term (Km?)
25,000 25,000
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) RCP26 RCP4 5 RCPE.0 RCPE.S
RCP2E RCP4.5 RCPED RCPE.S m Present 17,852 17,859 17,859 17,852
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. . . . W Weghted mean of
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Figure 9. Results of Korea pine distribution area in Long term future(2090s) (Left: Confidence interval(prob.ci),

Right: Weighted mean of probabilities).
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