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The importance of the shape of receiver operating characteristic
(ROC) curve in ecological niche model evaluation
— case study of Hlyphantria cunea
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*Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [ Aim] Ecological niche modeling (ENM) is increasingly used to estimate the potential and realized distributions of spe-
cies in studies of biological invasion and conservation. We present the pROC approach for the evaluation of ENM of Hyphaniria cu-
nea, as a case study. [ Method] We first introduced the ROC curve and AUC value in niche model evaluation. We then presented
the shortcomings of AUC value based on different reliability of presence and absence records. Finally, we introduced the partial area
under the receiver operating characteristic curve (pROC) approach to backup traditional AUC value in niche model evaluation. [ Re-
sult] Model evaluation using AUC misleading although it independent of threshold. The AUC combined sensitivity and specificity but
blanked the information of individual sensitivity and specificity, and weighted omission and commission error equally. We argued that

the shape of ROC curve led to valuable information and was more important than AUC value in ENM evaluation. [ Conclusion] Niche
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model evaluation should treat sensitivity and specificity separately. The shape of ROC curve was more important than AUC value. The

pROC approach was found more powerful than traditional AUC value in model evaluation, but cautions are warrant when it was used

to evaluate the model output of over prediction. Niche model evaluation should take the purpose of study into account, when the aim

of study was to estimate potential distribution (e.g. biological invasion, climate change, phylogeography) , model evaluation should

give higher weight on the sensitivity or omission error, whereas if the aim were to estimate realized distribution (e.g. conservation

and reintroduction program) , model evaluation should weight sensitivity and specificity equally.

Key words: ecological niche model; sensitivity; specificity; ROC curve; AUC value; omission error; commission error

UTAER AR A A BB Ok 8 2 b P 1 T80 )
FIVEFE 4347 (potential distribution ) FIEL S 5375 ( real-
ized distribution) , ] ¥Z T AR ALY 2= R
5 AR AL AR W o3 A R e | T 2R A
By o A Gl g 3 8] 4 4 45 B (I ZRHE AR 2013
RBKF-45, 20135 Peterson et al.,2011) , T 30 4
K WA TR T 20 2R A SR (Elith et al.
2006; Qiao et al.,2012) , B RUAT AN A Y BE HE
filt oA 7 ORI 5 3K, B T80 £ 490 b 2t 393 A1
AT IS 53 A1 FPEAE 5345 Z 18] ( Jiménez-Valverde et
al. ,2011) . Bl 4Bk b 73 A B4 i 6 52 0 2
{5 B R 4t ( geographic information system, GIS) $ AR
H P R e, DA GE T2 380 S FE Rl 0 B 43 A R
IR PR 1 A 2 PR Sl L % 40 5614 7 R (correlative
approach ) ARSIVl & Jig 5 LS B 554
RS HLEE T %S ( mechanistic approach ) (152
TUAHLE , 3R AH OGP AR Y g e 2 ORH X i B, BAY
FrabE, N W T2 (Peterson et al. ,2015)

TEAE SO RI PR by, 7 2 T A4 S A e A B
(overall accuracy) REHE (sensitivity ) H¢57 & (spe-
cificity) \ELF GG (true skill statistic, TSS) Fl-F
MH{E ( Kappa ) % 22 F 572 ( Anderson et al. ,2003; Qiao
et al.,2015) , TEXEEGEIT Ik 2R H TAERHE
(receiver operating characteristic, ROC) fIZEAY4E T
I FH (area under the curve, AUC){E R H 37 F I {E
(threshold) P45 R WL AT UL A5 4FAE | A A 2540
BRI e AT W VPAN T ik 22—, ) iz T
ST AN LU AN [ AR Y 22 [] ) T30 2R (Elith et al.
2006) , {HAFFT R, AUC (EAFBERIPEM B HAT 12
£ (Jiménez-Valverde ,2012; Lobo et al.,2008; Peter-
son et al. ,2008) , ¢ JE LIS R 7E 4340 S H Y
HYAE AN FHH (Jiménez-Valverde ,2012)
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BT GE 1M {E A K (Lobo et al. ,2008 ; Peterson et
al. ,2008) . AHEFEH  AEE NIRRT AE S0 A s AIAS
PRI U AE BE R 4 AUC (3R S
IRJE A 41 Jy i 32 K A T AR R Ak il 2 1 61 T R
(partial area under the receiver operating characteris-
tic curve, pROC) J7 Z8 K ¥R 4b AUC fHAYA L, 58 74
ROC i RYEAR L AUC {58 D 82 B Jim LA )
ARE R L E H W, Hlyphantria cunea ( Drury ) B9¥%
FEGMT R, A48 pROC 7 A A AL AL DAy v
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1.1 ROC #i%kK AUC EEKFEE
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25 (binary distribution ) F1 3% £ (1) HE 2R 5347 ( con-
tinuous probability distribution) , —JG/MA1 Z5 A8 1)
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louche et al.,2006) . UNSR A 8K R VP4 48 45
FHAE R LA MEAREE R b | DU 2 e 45 18 {0 A 2 1
5T AHAE (Liu et al.,2005) o 3EF ZI050Hi
SR RS AR h 2 AR 2 AR — R
A ARAS T R Wb 5 SEBR A7 23 A DI S AN A AE
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SN, T I A 1R 23 K ( Pearson , 2007) . iX 46
Ty HE T ZIu T 25 5 | PRt A2 BT 15 (B 8 B
D5 MR AR e, BT A5 R S R AR
Ak, AT RS R MR MR B A | BE 24 5 4R
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( FizH:455,2007; Manel et al. ,2001; Metz,1978)
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157 1-Specificity
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145 R 1-Specificity

AR a B b BA AR AUC {E, {5 ROC fhZRATEAR AR ; B:pROC %,
A Models a and b have same AUC values but different ROC curve shapes; B: The pROC approach.
1 1R AUC EEFREH ROC H &K
Fig.1 Same AUC values but different ROC curve shapes
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X EIRAL, Peterson et al. (2008 ) #2 H %
pROC R K TR AN AUC {H 7E BRI i (A A2
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Rt BRI R AR LRI S, LA SR 45 2
T REEBYIARSE B0, R B 32 B T A e
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AUC,—AUC,  FYER ELAASARL a H1 b, pROC J5 581
RERCLT Hh S e AT b LAY a B T 5y 114 i
YIRS AE S A B BE ST, Ak, pROC J5 58 B s i R
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0 717 5035 T 23 A AR A T I A8 25 484 o, sk e Jmy R A
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3 pROC 7 AT BV ERAEFIF 5 A 2L T R 16 5 B8
£, ENMGadgets (https: // github. com/narayanibarve/
ENMGadgets) . #& T Java 19 NicheA ( Qiao et al.,
2016) Fi ¥ 3k & ( http ; // shiny. ¢conabio. gob. mx
3838/nichetoolb2 ) 45,
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Sl IR A LW (ALHE 3L B R A AR
PURE) , B A2 R ey A SRR L,
5 [ [ A SV I AR5 b DX ) A8 3 B A, AR
Qb T ROR A, 4 Sl T el AR ™ R Y 28 A R
(Yang et al.,2008) , TEFKIE, 5[ i W 7L T
FPHARBORZ B, P14 il 575, R RE A W s v 7 7
HIRHRY 5K (Cao et al. ,2016) . 1EFH LASEE HHkAE
R X A8 TR 20 A N A 81, 4R35 pROC J5 28 1Y
N AR EFI, DL ROC 4k B ZM:
3.1 S HBENRREEE

1 i A3 A e R A SCERIC AR R
B, A1 45 US Pest Tracker program ( www. pest.
ceris.purdue.edu) ,Global Biodiversity Information Fa-
cility ( GBIF; www.gbif.org) | Butterflies and Moths of
North America ( www. butterfliesandmoths. org) |, Cana-
dian National Collection of Insects. Arachnids and
Nematodes ( www.canacoll.org) | Barcode of Life Data
Systems ( www. boldsystems. org) %5, PR 3% A% & 1Y %
V2 B2 e HC of 5 (] 1 g 3 3L 3 A 1 FIR ) 4 R
At Z [A) R AH S, B a0 S, 7 19 Fib
bioclimate A8 & HF, 2% [ i B R B8 7K AH SC B¢ (1) 34 4%
7545 (B bio8 .bio9 biol8 Fl biol9) , [AlAFZ: M8 Synes
& Osborne (2011) A9 75 1 2K 1155 Growing Degree
Days (GDD) ,#3iX 16 FpIAEEAF S AE Maxent 7Y
AT IR (jackknife test) , 5 5 HXT 36 [
R P A1 F) BR AV P 5 O, 3 T U0k X P 5
Ut P 1 I A AZ S (8] (19 A DG 1 ( Pearson AH]
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FHT MBS RIS 36 FCF90I0 5€ (] 1 8 Y743 A B9 BE T, ROC
£k % F Peterson et al. ( 2008) By 52
ROC curves were generated for the potential predictions of native
models that transferred onto East Asia, the curves were prepared
by " 1-omission error" plotting against " proportion of
area predicted present" (Peterson et al.,2008).

2 ET4MEANEEABERTHXEESS
il ROC f £k
Fig.2 ROC curve shapes for the four models for H. cunea

in East Asia
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BRI Suitablity
[ i ]

{& Low

# High

A: GBM; B: GARP; C: GLM; D: Maxent.
B TSI, SRR R 2 AR M DX, JH T4 96 0 00 5 [ 3 S TR 20 A1, PR 2 5 XU T AuC 1
BOSE AT

Niche models were calibrated in North America and transferred onto East Asia to test model performance and to predict the potential distribution of

H. cunea. White-black lines show the delimited areas used to calculate AUC values, back cross indicate the introduced points used to test niche models.

3 ET4MBRANEERBERTIMRNEESH

Fig.3 Potential distribution of H. cunea based on four models
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Table 1 AUC ratio values based the estimation of
different E values for four models
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