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Comparison of Predictive Models for Representative Species
Distribution in Yanhe River Basin

CAO Jian-xia', WEN Zhongming"’, LI Rui"’
(1. College of Resources and Environment, Northwest A & F University, Yangling 712100, Shaanxi, China; 2. Institute of Soil
and Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China)

Abstract: The spatial distribution of species is one of the important research projects in ecology. In recent years,
much progress has been made in predictive models of species with the development of applied ecology, but on the oth
er hand, it makes more difficult to use the species distribution models because the number of available techniques or
models is large and is increasing steadily, making it confused for users to select the most appropriate methodology for
their needs. So evaluating and comparing the predictive accuracy of different distribution models has great signif+
cances for selecting and using these models. BIOMOD ( BlOdiversity MODelling), a new computation framework
based on R language, is presented. Yanhe River basin was selected as the study area. In order to select a suitable
model for simulating and predicting the typical species distributions in the study area, nine widely used modeling
techniques in species predictions, such as artificial neural networks (ANN), were compared to predict the representa
tive species distribution. The comparison of their differences in prediction accuracy can not only provide evidence for
selecting species distribution models, but also lay a foundation for projecting the species spatial distributions into dif
ferent environmental conditions (e. g. climate change scenarios). Three available techniques of Roc, Kappa, and TSS
were used to assess each model’ s performance. Results from the model comparison showed that the relative model
performance and simulation accuracy of different models were quite different across species. The evaluation indicated
that the nine models had the highest predictive accuracy for the T'hymus mongolicus distribution, yet the predictive
accuracy of the A rtemisia gmelinit distribution was the lowest. Furthermore, the nine models can predict the

distribution of the rest species very well. It is concluded that the RF model which has the highest predictive
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accuracy using the three methods is the best one among the nine models.
Keywords: predictive distribution of species; R-BIOMOD; best model

’ 2
Ll 2.1
(generalized additive model, GAM)" , 9
( classification and regression tree analysis, , (14 (generalized linear model,
CTA)[S'ﬁ] [71 GLM) [ 14]
( genetic algorithm for rule set prediction, (13l
GARP)M ) ('surface range envelope, SRE) (gemr
eralized boosting model, GBM) (breiman and

[ 10] [1,1+12]

1
3623 —3717 N, 10845 —11028
E , 286. 9 km, 7 687 km®,
4.3 %o , 4.7 km/ km”
, 500 mm , 9 C,
s (Quercus liaotun-
gensis) (Robinia p seudoacacia) ( Pinus tabu-

laef ormis Carr) — ,
(Caragana korshinskii Kom)
(Bothriochloa ischaemun) ,
(Stipa bungeana) ,

[13]

589 81

cutler’s random forest for classification and regres-
sion/ Random Forest, RF) (mixture
discriminant analysis, MDA )

(multiple adaptive regression splines, M ARS) 9

2.2
2.2.1 HMMBIEGREL &3P

B

17 ;
10 m X 10 m, 2mX2m
1 (5mx5m),10 ,
10
, 2005 2006 2008
, (
), 280
( ) ,
1 , 0

2.2.2 RBRTFHLHFL KR

1980 —2000
57

B

2
[1617]
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2.2.4 ARAIIEFeif A BIOMOD
9 , ANOVA
AIC 3 (kappa, true
, skill statistics, Roc )
[11]
) ) 2
2 2 2
, 80% , ;
4 20% ’ k4
, DEM Roc, Kappa  TSS3
DEM 3
2
T, 3.1
o
2.2.3 4T H R BIOMOD BIOMOD
R 0~ 1 ,
2 2 2 0 2
L1 BIOMOD R , 1
, ( Ostryopsis davidiana) ,
(D
ANN 0.097 0.016 0.003 0.695 0.000 0. 000 0.000 0.000 0.129 0.367 0.510 0.000 0.000
CTA 0.000 0.000 0.000 0.000 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.977
GAM 0.000 0.318 0.000 0.190 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 O0.852
GBM 0.002 0.013 0.001 0.002 0.002 0. 000 0.000 0.001 0.003 0.074 0.001 0.003 0.532
GLM 0.000 0.365 0.000 0.901 0.000 0. 000 0.000 0.000 0.000 0.000 0.872 0.000 0.000
MARS 0.000 0.154 0.000 0.000 0.000 0. 000 0. 000 1.319 0.000 1.013 1.194  0.000 1.283
MDA 0.000 0.000 0.000 0.084 0.000 0. 000 0.28 0.018 0.235 0.372 0.000 0.000 0.000
RF 0.020 0.045 0.013 0.007 0.007 0. 008 0.008 0.011 0.050 0.102 0.042 0.016 0.220
SRE 0.190 0.087 0.049 0.182 0.074 0. 087 0.060 0.145 — 0.479 0.270 0.365 0.577
ANN 0.220 0.074 0.048 0.457 0.000 0.014 0.006 0.018 0.544 0.395 0.581 0.000  0.000
CTA 0.000 0.000 0.000 0.000 0.000 0. 000 0.000 0.000 0.000 0.770 0.000 0.273  0.000
GAM 0.131 0.163 0.000 0.000 0.000 0. 000 0.000 0.000 0.000 0.733 0.000 0.000 0.000
GBM 0.005 0.000 0.000 0.002 0.001 0. 000 0.001 0.001 0.064 0.272 0.012 0.023 0.029
GLM 0.000 0.000 0.000 0.000 O0.147 0. 000 0.000 0.000 0.307 1.331 0.000 0.000 0.000
MARS 0.000 0.000 0.000 0.248 0.000 0. 000 1.362  0.511  0.000 0.991 0.356 0.000 0.000
MDA 0.021 0.000 0.000 0.453 0.000 0. 000 0.12 0.000 0.772 0.540 0.000 0.324 0.000
RF 0.016 0.006 0.000 0.019 0.016 0.014 0.017 0.013 0.066 0.072 0.104 0.051 0.035
SRE 0.046 0.004 0.000 0.011 0.016 0.017 0.007 0.016 0.016 0.025 0.012 0.012 0.002
1 , , MARS (
MARS
MARS , 0) ,

MARS



3 : 137

s 8
2 9 2
, RF , )
, CTA GLM H
3.2 s ,8
R——BIOMOD s
b . ~s . a~rd . ~rd .
- < . . -~ . * < . - < .
£ 22 f x> { 2> e
L Y .’ e .’ S .’, P .’
- L4 - - -
80, g S A ¥ .8, g e B, g
- .‘o e ‘. - .. e .‘o e T - .‘o ce :’
- - ° .. - ’ .w .. - *

EEFANNER MO AEN KEBECTARAK AR KEEGAMBER KA RN K= EGBME R K217 Rl

e ~d . cr® . ~rd .
s . < < s =
- - - o - - o - - =
AR AT SR A
-y .’ -y .’ >
o LS » - F - o -
4 - €
< .. 'k.'c . '&.'c . ..‘. -
L 3 - e P - d : - ® LT o
s'%. :. "; - 2, T - - J. e ~ e - * s..
L ] ]
;~. ] ;., - .. ~.-

KEEGIMER KA AN KUEEMARSEBMAATN K EEMDARBEK AN K ERFEE K5 1 T
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3.3 0.7~ 1 ,
(overall ae- ,  RF ,GBM ANN s 4
curacy) (sensitivity) ( specificity) ,
Kappa (O S8 ((true skill statistic) , ,
AucH : : RF  GBM
3 , , 6 ;
8
Roc ROC Kappa
,ROC 1- , 0~ 1 , ,
) , 3 , ANN 9
(AUC) 0.282 0.991, SRE
0.5~ 1 , , » 8
2 , , :RF> GBM> ANN

ANN 8 8 > MARS> GAM> CTA > MDA> GLM > SRE
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2 Roc 9 8
ANN CT A GAM GBM GLM M ARS MDA RF SRE
0.893 0. 728 0.808 0.878 0.744 0.695 0. 806 1.000 -
0.944 0. 822 0.942 0.953 0.929 0.937 0.921 1.000 —
0.696 0. 675 0.720 0.838 0.635 0.693 0. 610 1.000 -
0.814 0.731 0.725 0.877 0.681 0.733 0.712 1.000 —
0.791 0. 659 0.713 0.809 0.669 0.793 0.616 1.000 —
0.875 0. 812 0.841 0.895 0.824 0.860 0. 825 1.000 —
0.916 0. 790 0.918 0.970 0.904 0.864 0. 795 1.000 —
0.819 0.701 0.777 0.850 0.737 0.808 0. 772 1.000 —
3 Kappa 9 8
ANN CT A GAM GBM GLM M ARS MDA RF SRE
0.566 0. 499 0.492 0.511 0.423 0.491 0. 482 0.985 0.241
0.666 0. 570 0.674 0.681 0.619 0.622 0. 643 1.000 0. 523
0.277 0. 335 0.280 0.413 0.204 0.184 0. 202 0.985 0. 043
0.460 0. 408 0.322 0.613 0.339 0.470 0. 350 0.984 0.248
0.479 0. 292 0.322 0.485 0.276 0.456 0. 182 0.993 0. 126
0.630 0. 591 0.580 0.627 0.563 0.620 0. 555 0.984 0. 310
0.556 0. 493 0.543 0.582 0.562 0.700 0. 556 1.000 0. 541
0.469 0. 331 0.399 0.537 0.333 0.440 0. 373 1.000 0. 226
TSS : 0
~1 , , BIOM OD
ANN 9 , , , ,
RF SRE
’ 7 (4 4 R Roc, Kappa
9 8 TSS, 8 , RF
3 :Roc
;TSS  Kappa ,
9 ,3 4
SRE , Kappa ANN 9 ,
0.241, 0. 310, BIOM OD 8
9 3 ,9
, Kappa s SRE )
MARS MDA Kappa ,
0.043,0. 184,0. 202, , Roc 8
RF GBM 3 ,
Kappa  TSS Roc AUC 9 ,
, RF GBM ANN 9 8
, SRE , RF ) ;
3.4 GBM ANN MARS ;
GLM MDA
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4
Roc Kappa TSS
RF 0.731  0.996 1.000 RF 0.561 0.996 1.000 RF 0.510 0.99 1.000
RF 0.873 1.000 1.000 RF 0.576 1.000 1.000 RF 0.781 1.000 1.000
RF 0.471  0.996 1.000 RF 0.115 0.99 1.000 RF 0.156 0.996 1.000
RF 0.721  0.995 0.989 RF 0.450 0.989 1.000 RF 0.443  0.989 1.000
RF 0.634 0.993 1.000 RF 0.286 0.993 1.000 RF 0.286 0.993 1.000
RF 0.826 0.990 0.995 RF 0.624 1.000 0.989 RF 0.615 1.000 0.989
RF 0.881 1.000 1.000 RF 0.515 1.000 1.000 RF 0.720 1.000 1.000
RF 0.743  1.000 1.000 RF 0.477 1.000 1.000 RF 0.420 1.000 1.000
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