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Applying Ensemble Model for Identifying Uncertainty in the Species
Distribution Models
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ol TSS7F EabAollth VARG P 1Y WE Fe BHAFES vehiglon], 0F B FoAs
RF, Maxent, GBM®| %7, GAM, SREE: Wit WA B7hsigle. |5 ol gelmde] ws) vamge
2917} T A E FFo] AUk o) ofe] wFe] FHY Az FYAEINE RIAEANE 7o) §
ATE Bao] AT wY A 2}EA) Pol 5 Fajel EAS AAT £ Utk PYBEPS oA
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Aste) BaAAol) 984S AR AR E slof B,
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Abstract

Species distribution models have been widely applied in order to assess biodiversity, design reserve, manage habitat
and predict climate change. However, SDMs has been used restrictively to the public and policy sectors owing to
model uncertainty. Recent studies on ensemble and consensus models have been increased to reduce model
uncertainty. This paper was carried out single model and multi model for Corylopsis coreana and compares two
models. First, model evaluation was used AUC, kappa and TSS. TSS was the most effective method because it was
easy to compare several models and convert binary maps. Second, both single and ensemble model show good
performance and RF, Maxent and GBM was evaluated higher, GAM and SRE was evaluated lower relatively. Third,
ensemble model tended to overestimate over single model. This problem can be solved by the suitable model
selection and weighting through collaboration between field experts and modeler. Finally, we should identify causes
and magnitude of model uncertainty and improve data quality and model methods in order to apply special
decision-making support system and conservation planning, and when we make policy decisions using SDMs, we
should recognize uncertainty and risk.
Keywords : Corylopsis Coreana, National Ecosystem Survey, BIOMOD?2, Maxent, Bioclim,

1. A & AAA B = E(Kwon et al., 2012a), iAo}

T3 AEIAIE3(Song and Kim, 2012; Kim et al.,

1097 FelolM= FHIEEY(Species  2012; Jeon et al., 2014), 7|53} of|S(Yun et al,
Distribution Models)oll tgt 47} AG-50] &3] 2011; Kwon et al., 2012b; Kim, 2012) 5 thdshk <
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L epeks skl 83 ARES Aledhtt
(Franklin, 2009, Thorn et al., 2009).

olelgh st Aot 8730 Bk &1t A}
RO K=, Qo] 3|, 75Rst v ot 7R
B o= ek FHAERY ] B &
A eI BAdA o] BY 8ol dAlEe] Holgk
U(Flather et al., 1997; Araujo et al., 2005; Elith and
Leathwick, 2009; Buisson et al., 2010; Braunisch et
al., 2013). FH+ Aol PFERE o} hojnd
I e e RPEEIHE Bl olE sidstalat she
ot AEo] skl Ut Araujo et al., 2005;
Thuiller et al., 2009; Meller et al., 2014). 53] 7]%
W3k Aue] Qe e B0l & 7|53} o=
ol o 5] I3 AAIUe] T FRERY T2
AREE 31 9JtHAraujo et al., 2005; Latif et al., 2013).

F< YRR AR A w=ste] tigk a7} HolA|
Il Qlti(Jeon et al., 2014). 1L} E&o] L&A o
2 Qlaly AEFe] F¥AtEs BN, 45
A= S H A ) o 7 AY HAks
(ell, ApBAAGANA A AFshs S AEA| ) Fel=
Fedste] Ao FXAPRE AFHow &8ehal
A} o)L o F A=) AAA] BAAE whdsA K
& ik ofe} Amay G0 AAINke: ek A
1ol gf5s 2HE 4 rk

2 ATeM e FEERYC] 7= ohdsE Beh
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(Buisson et al., 2010). 5 To] A= /jEns
o] HHES Hastelal AHEs Hvisteles Wals
Eall AA Y-S disEsh, ool wE JpERFe] &
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= 3E)E UeE v By o FERY e o
T o] Aole Aunal S5A Q) et
Az F8l s EAIE e &87FsAdol sl
w=olgl] KLz} g
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2.1.2 FZhASF
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o] 83} th(Fig. 1).
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Figure 1. Distribution of C. coreana. Extracting from

National Ecosystem Survey Data

Table 1. Bioclimatic variables

Variables Descriptions
BIO1 Annual Mean Temperature
BIO4 Temperature Seasoriality (standard deviation

100)

BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter
BIO12 Annual Precipitation
BIO16 Precipitation of Wettest Quarter
BIO17 Precipitation of Driest Quarter




TREIRY BN
Bioll, Biol2, Biol6, Biol7)E A8 }31tKSeo et al.
2009; Kwon et al., 2012a).

2.2 23 A&

2.2.1 Maxent

e BPH Hlael] 93 ddRgowe =
AtERES o]8sh= 7IAISREREE ] MaxentE 4§
Aok A=At Ak S FdARTS T
sh= WHAo|B 2 o] o83k WY O == Maxent
7} 74 @34 o]t (Franklin, 2009; Kwon, 2010; Kim
et al,, 2012). 2 AGoA= FE=2 v == MaxEnt
333k* S olgelon, RgRrkE Q18 53] At
BAE A BYe) Aue et SEe
XE sensitivity 2} specificity2] o] 7} =& e
2 99 vEd A9e® rAtiJeon et al,

3

AREEIlOH, S ARslelal vheket e
A gEes AN A Eis T
3 9JtHAraujo et al. 2005; Thuiller et al., 2009;
Meller et al. 2014).

slojgle] EEE oSs] f PEERFeRE R
3}7]#]¢]1 BIOMOD2E  ©]-&3}tK Thuiller et al.,
2009). ¥ AllAE 2y 7ke] zlolE dolry] $18)
of 7| AFete BE FTHERFES Tt
% THGeneralized Linear Models(GLM), Generalized
Additive Models (GAM),

Multivariate Adaptive

Regression Splines (MARS), Classification Tree
Analysis (CTA), Mixture Discriminant Analysis
(MDA), Artificial Neural Networks (ANN),

Generalized Boosted Models (GBM), Rectilinear
Envelope Similar to BIOCLIM (SRE), Random forest
(RF), Maxent(Maximum entropy algorithm)). ©| %3

* http://www.cs.princeton.edu/~schapire/maxent/
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st 7|9EO 2 CTA, MDA, ANN, GBM, SRE, RF,
Maxent® A Yz 5 QUTH(Franklin, 2009).

A=A AV A= &8 AR, Maxent®} SRES
Alshd 5 Ed-01Ed Fele ol = A=ot
dgsgt Roltk ol gt i} HIEHE A=
(psuedo-absence data)E A3t <AL H]EEH A}
29 Wapo] QU 3] shel 10074) <A M
A g A9 BES} o= WHOE, 103] RHEgste] B
S F-H3I3ItH(Barbet-Massin et al. 2012). A&
] 2 X% 2L ArcGIS ver. 9.3 ©]835h

2.3 XY Ag= HF

ROC (receiver-operating characteristic)®] AUC
(Area Undre ther Curve)#t- 7155 #holl Sg%lo]o]A
7} RS vlalshe=d ARS 7 AL Qlok v olg)
G Aez Hee o) B0 VE gha Aok ks
o] 9tk AUC ZES 0.5 oo = 0.5-07S 23
Tt vhe, 0.7-0.9% B, 0.9 oS Hyo]

SE vt FHSH K Franklin, 2009).

Cohen's kappat= -5-doll o3 7|t=]= o5 A=
& o]gste] myoSe] WA Aes wAshs WY
o

2 ook

2

Kappat= AJEjglol|lx 2dll 35 Fdow |9
= e R FHEY Afse
o] AREESloH, 53] YD E o83 EXIE
e Yk AEe] wol AREHSITE (Allouche et
al. 2006). Al G2 -1004] 1744 EA8hH, 0 PRk
Aol dAeA] &S, 04 vTRS AXAHGLT}F S
0.4-0.67H41%= AAAHE7} B, 0.6-0.82> =3, 0.8°]
2 A9l YAFHS YERATE Kappat= o&E oS54
L= W3k Alof] vjauA st A" 7]E ghe AA
sh= grdo] ok ofek 71 hell sHA o] e
Ae 7L o] BE 7F Hlael= Ago] oyt
(Franklin, 2009)..

TSS(True skill statistics)™ kappa2] 7|5 kol 54
Ao|A| gk WS Bkl o]3d W] VI ths
ARz A2 Akt A3 gk 71 el =
HAQ1 AUCS} =2 AJHaAE HeRl Yt Allouche
et al. 2006). A#te] ®= kappast “sdsitt
(Franklin, 2009).

28 7158 FHUAE(training data)9} A A} E(test
data)E 80T 2020 o] 53] wHE AT
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1 8l Hght AR ARAIGL oS TFsAdol e
3. A7 A% % uF U @57 7] B0 Qe Agew F
Attt RyelM ] BEAES =ol7] AN =
3.1 Y Bg= A5 AR o] TiE oY AES Haslelr] 918 &
Maxent 2.3 €] 53] WAHS AUCE 0.969% & o 7HH o= #73 i3] FQslt) ofge] HEd
ZQ o7 Eﬂ7]-§]041:} p=Xe) FGE A S 44 k= Zo] 1o E3AAS
OWHU'GU Aelli= 100709] oAl HIEd Als ZFo|i=td] =8-S FUKElith and Leathwick, 2009). 7
10%1] = 53] uxF AFEte] T 50700 A AdE Yk A9 A, daRiddE A el & #ent

o}oﬂt‘r 7H AT W 3 1071e] B Al sl o sHARARe] HE7E AR §
o}O% & 1,5008]9] Bgo] AR 1070e] BEE AGTEIRe] AFFAL ARAF A=A A A

AR RF, Maxent, GBM©o| A H7FE IS ol M= the] A|Ho] wE vl AtiKwon et al.,
GAM, SRET S| 7= 3le}. eyt 24 ZJZH“:”E 2012a).

o] 7|EEdlA AR Fyo] F Z FAEGIh RS vael] fste] Fig. 3 _(e)elAe A

AR5 SR PHE BE2 7] B e

3.2 Maxent vs. Y35 =3 2 AFE SRt QIS A2 TFsAIG o2 oS3}

[e]
Maxent =32 SEXE=Z AW} =EHW(Fig. o] Maxent 3ol H|sto] Huf] FAE = S Hol
3_(a)), ©I= sensitivity 2} specificity®] o] Hh7k ¥ 3 ¢tk ¥HH Maxent 58> Oopa}—‘é‘Eséﬂr sHH=

Ttk VIEoR SIS AR WRSISItFig. Ak A Wl 2AREe R ojofx]i= aklelA]
3 (d))(Franklin, 2009; Jeon et al., 2014). AR o) Ba]EA] sl %']% 748k Hola Q)
whel, mge] e TSS gl 07 ol H= HY  u) ojejat wakte) Aol5e FF s @4 Aws)
& o QRS NASRCR], TSSALS Z1Ee Sulel Yede Fol AAsE wPe Aushs Ee
= KA Holsln Bshs PEe A oRiﬂ(Flg. 7 2 5 21 Atk
3 (b)). ol A== wgkel] fla TSS#ES a7t
e #S Ao ALESIitiAllouche et al., 4. A =
2006; Barbet-Massin et al., 2012; Fig. 3 (e)).
Clamping map=> =8 o] & A|9S FAISh= TEERY AErtd H7E BoA A, A
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A A, W gho] BEoA oS WS Hlolus Ax] e 2 B9, 7153l oS S0 vl ok
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“(training variables)®] HIE o= A& thfe Bgai o= ols) &-go] AdH o]t ol o]
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Uhs A2 5ol B84 A= Ae sl |t oy gong 58 gesls ) ghials) oo
(Rodder et al,, 2009). E8ddo] =2 Aoz ZFd A Qr) oo E AT E FlojElE gpos o
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Figure 2. Kappa, TSS and AUC comparisons across 10 models. Dashed line means the baseline of good
performance(Kappa 0.8, TSS 0.8 and AUC 0.9)
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Figure 3. a) probability map in Maxent model b) probability map in ensemble model ¢) clamping map in

ensemble model d) binary map in Maxent model ¢) banary map in ensemble model f) combine map

with Maxent and ensemble results.
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