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Abstract

Aims Predictive species distribution models (SDMs) are increasingly applied in resource assessment, environ-
mental conservation and biodiversity management. However, most SDM models often yield a predicted probabil-
ity (suitability) surface map. In conservation and environmental management practices, the information presented
as species presence/absence (binary) may be more practical than presented as probability or suitability. Therefore,
a threshold is needed to transform the probability or suitability data to presence/absence data. However, little is
known about the effects of different threshold-selection methods on model performance and species range
changes induced by future climate. Of the numerous SDM models, random forest (RF) can produce probabilistic
and binary species distribution maps based on its regression and classification agorisms, respectively. Studies
dealing with the comparative test of the performances of RF regression and classification agorisms have not been
reported.

Methods Here, the RF was used to simulate the current and project the future potentia distributions of Davidia
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involucrata and Cunninghamia lanceolata. Then, four threshold-setting methods (Default 0.5, MaxKappa,
MaxTSS and MaxACC) were selected and used to transform modelled probabilities of occurrence into binary
predictions of species presence and absence. Lastly, we investigated the difference in model performance among
the threshold selection methods by using five model accuracy measures (Kappa, TSS, Overal accuracy, Sensitiv-
ity and Specificity). We aso used the map similarity measure, Kappa, for a cell-by-cell comparison of similarities
and differences of distribution map under current and future climates.

Important findings We found that the choice of threshold method altered estimates of model performance, spe-
cies habitat suitable area and species range shifts under future climate. The difference in selected threshold
cut-offs among the four threshold methods was significant for D. involucrata, but was not significant for C.
lanceolata. Species geographic ranges changed (area change and shifting distance) in response to climate change,
but the projections of the four threshold methods did not differ significantly with respect to how much or in which
direction, but they did differ against RF classification predictions. The pairwise similarity analysis of binary maps
indicated that spatial correspondence among prediction maps was the highest between the MaxKappa and the
MaxTSS, and lowest between RF classification algorism and the four threshold-setting methods. We argue that
the MaxTSS and the MaxKappa are promising methods for threshold selection when RF regression algorism is
used for the distribution modeling of species. This study also provides promising insights to our understanding of
the uncertainty of threshold selection in species distribution modeling.

Key words threshold; probability habitat map; binary habitat map; random forest; Davidia involucrata;
Cunninghamia lanceolata

Citation: Zhang L, Wang LL, Liu SR, Sun PS, Yu Z, Huang ST, Zhang XD (2017). An evaluation of four threshold selection meth-
ods in species occurrence modelling with random forest: Case studies with Davidia involucrata and Cunninghamia lanceolata.
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Biomapper 4 f-(Hirzel et al., 2004)2% ) il fiti 45 5 . 7
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Fel  AERITRINAEG L PPN TR AR
Tablel Measures of predictive accuracy

KSR 4EhR Accuracy measure A3\ Formula

MAERE Overal accuracy  (a+d)/n
MU Sensitivity al(a+c)
Fi5 % Specificity di(b+d)

Kappa (atd)—[(at+c)(at+b)+(b+d)(c+d)]/n
n—[(a+c)(a+b)+(b+d)(c+d)]/n
Sensitivity + Specificit -1

HEH TG

True skill stetistic (TSS)
a, VIR AEAE S F IE A TR (S B (FLRR ), b, MR AN AEAE A R 15
DA TE BB (R PE); ©, W0 A7 7 (E R 280 300 S A7 76 ) B0 (1 B
), d, DRI FBIER T BRI . i Adn=a+
b+c+d.
a, number of cells for which presence was correctly predicted by the model;
b, number of cells for which the species was not found but the model
predicted presence; ¢, number of cells for which the species was found but
the model predicted absence; d, number of cells for which absence was
correctly predicted by themodel. Inal formulaen=a+ b+ c+ d.

FSHRFEAAE MG . A Bk bl SRECHT 5T
IELAI oA X B 7R ) R b TRl A B B DA S B
AR o A FE AR AR . B SR A A X O
(centroid) FRIXL A AZ A K 43 it A2 85543 A7 [X 2R 1) 11 1)
IEAEEE B . fd BLIEAR 70 AT v B ) AR AR H AL
SEI4 00 5 108 4T A 1 (terBraak & Looman, 1986), LA
BRI 50T L P AR A A AL
15 Zitath

K- FH Friedmank IS 56 7 325 43 B A [i) 9 {126 48
T3 (RIS R RS B 1) 72 Sy T 2 T 1 L AR
Nemenyifr 4675 K FH [ R 77 3205t AN [7) 18] 1 1%
FET7 92 I AR U 24 B VR AE 70 A DX IR AR TUA 2 ) ) 22
it LA R R SRASUS A T 204 XA AR 2 TR) B 22 57
BEAT T 0. BEARSK ] K appadE 73 73 Pl 1 =4 Hif Al
ARG SR AT T AN R BB L 8 07 15 BT A ) AR B 53
A B P9 25 IRUARABL: o AT Bt 0 M #RTER
3.1.2%1F(R Core Team, 2014) 47 .

2 GRS

21 1REITNERE

X T B St o 4 BB 45 07 V2 B S 1Y) e
BIEAFAE R 2 22 7 (R 2); Hh BB T VAR BIA
0.5% # & Tt K Kappafl i KTSSTj 2, #ix KUk
Tff B2 3 00 BB T- BRIV E 0.5, (H2 5 HiAh3
NIRRTk MEA B35 E R . TR S,
EARER B 0.5 T fix K K appafll fi K s HER P i 57
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J7 ik T AN M T O BE R AR UE, LR
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IR T BIERE, W TR S, BRk
By S AT, R IR B A 2 4 7 9 2 1 (L4 5 b
HLARAR 5 2 S0k 2 1AD), A2 0 v 0 38 T £ 4
PR B 2 R ().

22 HETEEEEKERRERRSIRZETH
Tk

FEAAN BIEIE 5 07 1 2 183U 4 BB AR d £ X
THARBAT B35 22 53, BEALARMR 7 REE TN 11
A XA K A BEIE R 5%, JF H 82 m T3
WABLO.5M fie KL HERA B 325, (H 55 i K K appadil i K
TSSZ A B3 7257 (3&3). MTEAKIME, “HEil
AR 7 REFANAN R L30T 1R L A 3E A X
AP EERTE S

ARG, AN BRAE L5 1% 2 [ BLAR

FR2 A MBI T7 10 ST 4 AL % e B T R TR i e AR T T s
Table2 Thresholds selected by four threshold criteriaand model accuracies determined by five measures

B R 7 1k ] Kappa HOSH TG 48 SR UK R
Threshold method Threshold i1vE: TSS  Overdl accuracy Sensitivity  Specificity
B BRIA{EO.5 Default 0.5 0500 (0.000)* 0.871(0.024)* 0.871 (0.024)* 0.935(0.012)*  0.976 (0.019)* 0.894 (0.025)
Davidia
involucrata K S AL T b a a a a a
Maximizing overall accuracy (MaxAcc) 0.476 (0.187)* 0.872(0.025)% 0.872 (0.025)* 0.936 (0.012)*  0.975 (0.021)? 0.897 (0.027)
i KKappaMaximizing Kappa (MaxK appa) 0.364(0.185)" 0.872(0.025)* 0.872 (0.025)* 0.936 (0.012*  0.976 (0.020)* 0.895 (0.027)
R SR G 0.364(0.185) 0.872(0.025)* 0.872 (0.025)* 0.936(0.012*  0.976 (0.020)* 0.895 (0.027)
Maximizing true skill statistic (MaxTSS)
BEATLAR PR 2324 - 0.869 (0.030)* 0.869 (0.030)* 0.935(0.015)* 0.982(0.022)* 0.888 (0.031)*
Random forest classification tree (RFCT)
AR ZRA{H0.5 Default 0.5 0.500 (0.000)* 0.903 (0.010)* 0.903 (0.010)* 0.951 (0.005)°  0.962 (0.010)? 0.941 (0.009)*
Cunninghamia . a N A a a a
lanceolata B AR 0.540 (0.078)* 0.908 (0.011)* 0.908 (0.011)* 0.954(0.006)"  0.958 (0.013)* 0.950 (0.009)
Maximizing overall accuracy (MaxAcc)
¢ KK appaMaximizing K appa (MaxK appa) 0.540 (0.078)* 0.908 (0.011)? 0.908 (0.011)* 0.954 (0.006)*  0.958(0.013)* 0.950 (0.009)*

B KTSS Maximizing true skill statistic (MaxTSS) 0.541 (0.076)

BEHLAR 732 -
Random forest classification tree (RFCT)

0.908 (0.011)* 0.908 (0.011)* 0.954 (0.006)*
0.905 (0.010)* 0.905 (0.010)* 0.952 (0.005)*

0.958 (0.013)* 0.950 (0.009)*
0961 (0.010° 0.943 (0.007)

BE AT (PREMZE) o [F—FUAS R ) 7 RE RO AL B ] 22 57 18 2 (p < 0.05)

Values are means (standard deviation). Meansin a column followed by the same letter are not significantly different (p < 0.05).

R3HFTRAEIEE X RN S AR (2070-2099, 20809) 1% 4411 T (AL AR X 25 4L,
Table3 Potential habitat suitable areas and changes in the distribution range of tree species (change in area and shift in distance and direction of mean centers
of suitable habitat) for the normal period 20702099 (2080s) relative to current baseline (1961-1990).

MRS HEEEX B e ABEHAR RIIEE e wERIE
Threshold ~ Total habitat et Lt £ S]] BEES PR PR
area(x10°km?)  Tota range  Habitat Habitat lost  Eastward Northward ~ Uphill
change (%)  gained (%) (%) shift (km) shift (km)  shift (m)
BtAT Davidiainvolucrata Default 05  762.8(34.6)> -959(38)* 0.6(0.9° 96.6(3.0°  70.7(133.2% 252.3 (43.5)7° 341 (211)
MaxAcc 761.1(69.1)*  -94.8(6.4)% 10(1.3° 958(5.1)°  69.3(164.5) 228.4(80.5) —336 (244)*
MaxKappa  780.1(69.5)* -943(6.6)® 11(14)® 954(53)® 50.9(164.4) 241.7 (41.7)* -341 (255)°
MaxTSS 780.1 (695 94366 11(14*® 954(53)®  50.9(164.4)° 241.7 (41.7)%% —341 (255)
RFCT 804.3(27.9° —60.1(L9° 7.9(1.1)° 68.0(L8)° -236.0(33.9)° 1345(9.0)° 242 (63)°
A Cunninghamialanceolata Default0.5 140151442  —-03(0.0)* 01(00*  04(0.0)* —1291(221)% 685(14.9% 243.3(37.5°
MaxAcc 1367.4(67.9°% —04(02° 01(00)* 05(01)° -107.6(482* 57.6(326)° 238.7(334)*
MaxKappa 1367.4(67.9%° -0.4(02° 01(01)® 05(01)° -107.6(48.2)* 57.6(32.6)° 238.7(334)®
MaxTSS ~ 13657(658)° —04(02° 01(0.1)° 05(0.1)" -108.0(484)® 57.3(325)" 2389 (335>
RFCT 1391.2(11.0*  -03(0.1)* 0.1(00*  04(0.1)* -820(26.8)" 815(12.2* 183.0(38.8)°
BE 2 P BME BRI ZE) o [F—FUAN R 1) 7 BER R A B H] 22 5 2. 35 (p < 0.05) o A J5 246 5 R 2.

Vaues are means (standard deviation). Means in a column followed by the same letter are not significantly different (p < 0.05). The abbreviations of threshold

methods are the same asin Table 2.
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AR B AR (A5 % B AR, B AR B i
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B AMFAE R 5 72 5 (R 3) o RRAUEFATT, “BEHLAR
PR 3 28 B T B A e A 358 T R AR A b gl DA R AR
15898 2 LA B T oAt A 7 32, {EL 2 A 58 3R
befliE T H AN 7 k. AT S, “ BEHLARAR” 7328
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Fig. 1 Binary (A) and probability (B) distribution maps of Davidia involucrata under current climate produced by the same
model-building dataset. Frequency of the presence of Davidia involucrata calculated across 45 predictions under current (C) and
future (D) climates and the frequency of stable (E), lost (F) and gained (G) habitats under future climate.
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Fig. 2 Pairwise Kappa correlation of habitat maps of four threshold selection method under current (A, C) and future (B, D) cli-
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