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Potential distribution area of Taxus chinensis var. mairei in Liandu

District based on a Stacking algorithm

CHEN Han, ZHANG Chao, YU Shuquan
(School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: To study the potential distribution of Taxus chinensis var. mairei in Liandu District, the Caret and
Caretensemble package in R were used to obtain an ensemble model based on the Stacking method. Then sim-
ulation results of five single models [the Extreme Gradient Boosting (XGBoost) Model, the Random Forest
(RF) Model, the Support Vector Machine (SVM) Model, the Native Bayes (NB) Model, and the Classification
and Regression Tree (CART) Model) ] and their differences with the ensemble model were compared. Using
40 presence-only points and generate the same number of pseudo-absences points for modeling, divide the
dataset using 10-fold cross-validation and verify model accuracy using Kappa and overall accuracy. Results
showed that XGBoost performed best as a single model followed by RF, SVM, NB, and CART. However, the
ensemble model was better than all single models with its Kappa value reaching 0.80 and having an overall ac-
curacy of 0.90. According to simulation results of the ensemble model, the main environmental factors affecting
the distribution of 7. chinensis var. mairei were altitude, normalized difference vegetation index (NDVI), and
average annual minimum rainfall. 7. chinensis var. mairei was suitable for growing in the mountainous and hilly
areas of Liandu District but not in the Central Basin and plains area with the potential area for distribution in
Liandu District being 5.01 x 10* hm? Overall, the ensemble model used here improved the precision of the
model somewhat making the prediction results better. [Ch, 1 fig. 3 tab. 23 ref.]
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BEE THEHLE R FIGE T 22 07 L R W A Rg , AL 2% 2 7 EE pOBOR B2 st iz ] B & A G > v FE AR
BEEHETE, YR AR (species distribution modelling, SDM)#)"" i iz F F S AR W B ik 46 50 A1 X
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WAL (MaxEnt) %5, FRE L HAA S, HAERT AT P& 2 T8 mRCr . HERE YR 4 A
B A 2 A A T B, B Al OB AR A A IR XE . ARAUJO 257338 - A R R 4 A 0 3 e B
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ST T R E MR R, PR AT . HOR . BIESEH, 22 SR EAY, M, PIOE %
KB A& 52 Rt o ARWIE LA I 2L 542 49, I F] Caret 1 CaretEnsemble 2 ¥ 41 b 55 A4 Bl 22 A5 AU 1
AR W VL AE T 7K T S DX TR P 08 A 0 A1 DX, LA A 2 o e b B B O 4 4R IR 2 A i

1 B % KB

YEHS X AL T WA WK, 28°06'~28°44'N, 119°32'~120°08'E, #AbHG# 1l . el . g s 3
SbkZ |, JEF WG R, IRBENE, MR, RS, bR bR L, A
Bem 22 5, BRI AT A R A IR L Bl . (i 3 R, SEXEAR 381 m, KL R L FEBR S 4
XA 57.0%, A&, Al A gy a2 XOR TR AL 30.2% ., M A EZRERX M S EMM. BT A
RIMFLME S, EHXERTPEEEFAGENBXZ —, R T ANTER . &5 o b
8. HBETEANIOE NG TSRS 154 tk, 2 DI KUKARIGIE XA 7E

2 BRI
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Wt — Al 25t K, IGRoe UG, (B JE Al o0 2848 X088 S A7 30 2 25, )7 A i B 1Y
P @ A2 ) Ja I, AN RER A N A0, IR A A S 284 &7 4 N At s A4
BB R IEAE B pyy, K A3 2880 AL KN AN 4E B, 3 S8 38 10 R A0 4 BERAE R 26 1 2 F iy il 2k
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ORRECAR, ToT T B 1 7 A T AR e R A O AR, TR AR R e A A, R T R i, K
AU A kT S A )R 43 S ISAT REAH ) A 2R 001 o sk — U R 43I e S A R ) — A R AR (R SE L,
BRI 2 AR5y, TR, ERBAERA ATy 432 WA SR l R A R A 2 A D BRA R
224 A& N et A7 (native bayes, NB)#A pJi Fdy Mgz, B—FEBRBEWA WE BT,
Hoor 2R BE BT DU S B, 7 Ak B ORISR P A 80 o 18 o R T 8
225 X #H e Z A (support vector machine, SVM)AEA 3 J&—Fp Ik F 40 1124 2] G W HLAG 4 20 ik,
BA RUFMIZACHERE. AT DA RO/ IEAS | RStk S s ey U ) @, FE AR ) R & 27 2] 45 dak
CHAGIZ N T o ARFFELL B 5 MEERIME B ) g, DA R PEREAY (GLM)AE S 02 > ik i
23 WMo miLR

2017 AEAE AR X TT JEBP A A AR, ZRAT 154 MRpg Jr L GAZ 10 20 A s in, KRR A RERL S 1T A4
o3, HEAFE] 40 DR ITELEAZ A
2.4 INEEHRTF
24.1 WHEF FFEEEHE (digtal elevation model, DEM)S H “HiPRZs M) 88E =~ (http://gscloud.cn/) ,
23 [8) 73 BER N 90 m, fEEHT Are GIS 10.1 B4R DEM $idls 82 ORI RE | e a) A4k B2 Y -
242 AFRT AEEIEH Anusplin BAFAEE MR, 25 B4 HEE Dy 90 m, Anusplin L DEM Jy P 42
i, ) T A AR A (5 SR i B A U R v R T R (A 2 SR R 22 N R
G504 W (hitp://data.cma.cn/site/index.html ) " 28 b 1f 45 £ 4 52 (1981-2010 4 ) K4l , 3 Bl e O 148
HRhAA w132 MR R0l TR . 7T N REHE TN ERZ KR | ERDBEKE . F PR
I PR H B2 PR R AR AT AR R AR B AR
243 KB T BRHOEMAZESE, AOPS0EE M T LR RE . BRI R . T — LA H R 4L
(normalized difference vegetation index, NDVI)HIJBH 48 5148 K 1o s 25 (8] 70 HER 4 90 m,
25 PARGFEERWERN

PR 5 AP TE A TR, TEAR BRI L SEAAFTE s B B0 R, O TS A8y gy ] g, i
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MR Kappa {5 F1HER XS L 5 AR AL UG5 2R (3% 1), B — KR P BEAL R AR AY | 5 s o FE
ETHRERL . SRR AU RUA R T CRAET A9, S 2 ml RS TR R 2R DL I AR R N 45 R AL T
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7 0.60 F1 0.80, X HL 5 A B — Y A4 AR Y, B A R FUSCR e e, AR WK . Kappa fH o4
0.80, MHiEffA N 0.90, FMIHR ey 1) B — BERUA BT T

F 1 #E Y Kappa EERHR

Table 1 Kappa values and accuracy of the model

R A Kappa fH  Effi % 155 784 Kappa fH  #E#fi % 155 784 Kappa fH  #Effi %
Fiti AL R A A 7 0.73 0.87 FINEE DL i B A 7Y 0.60 0.80 A ) LA Y 0.73 0.86
53 25 1m] U AR A 7 0.59 0.79 e it B L A A 0.77 0.88 || 4 p i 0.80 0.90

32 HMEALELSHHNRERF

Caretensemble T 743 1 [ 47 varimp pREC, AT AT AS BREE I F B 20k (55 2) o BEAL AR MRS BB 45
RN W R W A G A i B N, HRONARSE Y R D B . — {22 A A A
BOMAEV Y i Z R i, HE S5 22.58, 16.21, 15.81 A1 10.55, % 4 DAL 119 Rt 8 2
b 6515, 43BN RIB LS R EoR . REZEWHE PRI E, RSP RN E . H—
L 25 AR AR BORVAE B I Z W i, FE 4 30 24.54, 20.24, 12.14 F1 11.58, X 4 358 H 511
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A RN — A 24 e B, B4k 21.35, 13.16, 13.05 #1 11.55, X 4 B T 19 2t
FENE R 59.11, Wb BE b TR 25 R oR . I B O R S, HRON IH — 16 25 S H b
FeBC. HOT R AR AR B DR, R B0 25.75, 19.34, 10.97 1 10.02, X 4 IR
HF 1 BB Z N 66.08, S HF VLB RIILE R BoR . REEMNHERFRFEFYRERE, £
TR 1315, S S ASBIRUFIAE OB b B s, FLUORIBR . AT . R R DB R 10—k
25 5T FAAAR BORAF V- 2y e i A, R4 508 1313, 13.05, 1271, 11.55 #110.82, X 5 AN HEEHE T
1y Bt EEEAE D 61.26,

AR 2 (R] 0 LU R DA Y S R T £ AL E A DX A A ) R B oM R = L 1k
22 3 AH AR BORN AR - Y d D B i, FE B R o () B KT 10, R B 5 AN B — AR g F AR B
M AN, Pri B S 5 HE 0 A58 IR R 45 A PR TR i B B PR N AR ] o 2 BSOS R B 4DL 45 2R 10 s B A
I R 7 #0 B Jr EL A W AE A A DA R N, FLRES B T SRR Y, WA R 5 A
P B AR AR v g T B2 (AW R B, O A — e 22 - A B O AR S i DR R, 3 AR TR
BV RT 10, Bt E Sy 458, i i X A% L — 55U AR SR A S R B PR IR - SRR . i
W T — 1k 22 20 M Bl H BRI AE - 2 i /0 [ T 5t 2 5 W B 7 40 A TR AR 0 A IX 0 B R B X 7
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Table 2 Importance of environmental factors

5T BEHLARAMBER 2 A B BER RN DU TR Mo B B L R SRR B PLARR A R
AR H B 292 0.00 1.43 0.00 0.00 0.75
TREE 0.00 0.00 0.79 0.86 1.68 1.03
R 0.61 0.00 1.55 3.26 2.60 2.09
AR 2 B 5.51 7.01 4.63 2.62 0.19 2.28
B YT 9 B 223 6.94 3.55 6.12 3.55 3.81
Y 7.86 0.00 2.65 4.75 2.65 4.23
B 1) 1.76 0.00 6.64 7.07 6.64 5.17
AR K R AR AR 2.72 0.00 1.92 0.00 13.15 7.63
RV 1 e 2 W T 10.55 11.58 8.29 4.50 8.29 8.36
AR 2 i e R 4.11 7.54 9.47 10.97 10.82 8.98
ARSI 6.83 9.86 13.05 4.74 13.05 9.89
A 1 d /b B TN 16.21 20.41 13.16 10.02 12.71 13.49
VA — 1k 25 43 FE 1 5 5 15.81 12.14 11.55 19.34 11.55 14.01

TR = 22.85 24.54 21.35 25.75 13.13 18.30
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WAERIH A e S FIRTIR S PU0, SORT L. 48 4 BF R A ZE I BLAR DI 43 75

6 9 BOBAE A X TR S 22 3 B3, BEBLAEARBINS | BROR B I 1 TR | S 1oy (LB A 4
PRI 4 A HER B ( RER LF Y 1 405 X B BT 5 4 D WA 4075 [ T B L A A7 TR 0 25
S S U T 038 7 434 X K FC T B U
4 i 5itit
41 #ig

W H 6 AHUBZE L, SR A B A, JC Kappa (2% 0.80, ME 4 0.90. H Wi 4%
B LT AR S B B R T O MR I, OO I — {692 4 B R AR T
SRR, 1740 S AL e SERRIX HOYETE 52 451Xy 5.01 J7 hen’s FIRT, % TF40REE 50 A X BF5C 025 1
SRR R AR A R B2 ) 1. ABETE R R B RIS ) 7 B S T 90 m 4 HERK S A6 X
I T RS K S R, R T I P T80 92, 9 LM 2 1 7 215 K A R X 1 143
1K, BUEEIFROSS B % SRR 3 7 21 A M bR T AR S R IR AR P ELAT 15 5 8
42 it

SRR 7 SRR TG, I b R A M T A K R 7, SRR G, TR

g 4]! KT B

28°10'N 2820'N 28%30'N  28%0'N

28°10'N 2820'N 28%30'N  28%0'N

SCHF i 2 LA 1Y

0 B B T AR
119°40'E 119°50'E 120°00'E 119°40E 119°50E 120000E  119°40E 119°50'E 120°00'E

B Es [ JhEs
Al BBARMNGFLIBHEELSHEFTER

Figure 1 Prediction of potential distribution area of Taxus chinensis var. mairei
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AR IE R AR T 250 ABFR IR *3 BILIHEFAFLELEBEESGXER
TR A R K, B BE S Y 3 [ AR &5 Table 3 Potential Distribution Area of Tavuschinensis var. mairei in each township
Wh, HEAZ SR, VA S 71 DX T B/
ABFSEH 14 A 36 55 7 de E2 Iﬁﬁ’dlflr;?i‘fr\ ﬁ??@wliﬂj ﬂ*?jl :1“ *&ﬁﬁffi iﬁwfﬂm% P
,fﬂ%ﬁ}miﬁﬁqj’ ?‘Zﬂﬁffﬁ%iﬁ%% 155 784 Ry 5 7Y WAl R HLEEA
— o Hhr N B 828530 1928.64 1293492 615825 6117.03 9 036.40
ﬁ%ﬁmiﬁgo ﬁ}#}é%ﬁ 90 m 11 i“é 255349 148030 297348 242594 2243.00 5 756.30
SRULAT ' S ' IR ;[J\J{F“:g' 4 672.80 2 075.51 6 069.36 4 123.97 3 124.22 4 781.02
AR T EEE . R BFZ ' ' ' ' ' '
KF-2% 3912.68 176631 514949 4004.16 1847.48 4 573.60

93 HAR I AE, (R ATE 2 BT i o

S P T AR R A T A % EATAFEST 273257 102800 429403 213478 295931 3307.16
K4+ e N TS5 Y ”I’H"E% ; K E’J;ﬁ: 1 KB 320667 2357.66 404152 292839 1557.60 293870
- %A i, T maies 243882 73435 283563 175987 200723 2 867.84
T, AR REAT B B ) 4

g T L 167226 331747 163660 361379 150091 271195

A 4y 2 I \l N

u;}; e BZE ?Eb H/: 4 J]; BH s 255349 148030 297348 340379 200594 2 666.86
‘l:] A} Y \l H

*, BIRUDRLZYIS, FRER 201883 98171 207036 149576 134503 219275

1 R AT B 1 T RE . ASBFSEAE K eHE 193895  733.06 199435 143392 135533 2069.07
Bl or St b T b 758 X AR E IR IE 1490.61 58233 185392 136693  660.92 1780.48
Jri, JCU U HTEL 52 RER AR A i 1K Ik 136049 50632 146226 101521 141460 1734.10
R, BIRRON LIS TR, AR T ELRUILE:S 123036 107834 162588 128447 61583 1396.56
R, JUHGE T/ MR G (5 Fziidkds  919.87 40583 127288 97141 22804 128447

itk AR Kappa FIHEd 5 AR SR AT GE i 51791  529.51 49730 50245  230.61  565.58

e 2 4
SRR BE , HAERST A RELE  gun g 33883 24736 24221 28086 8632  413.56
AR PO R E AN E, HER- g 41 843.93 21 233.09 53 927.76 38 903.95 29 299.40 50 076.40
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e BE b TR I LAR B A — MR A9 500k, B, MER R AL Mo RE b A
TUFN Stacking S35 T 290 Z s T30 . BBIRS] . R AU, (HR d TAEA S SUR AT
AP B R BERI R A I B AT SRR O R, BT LAOR DL AE P R v A 2 A BB e i o A
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