H 75 2 R 2010,30(5) :1238—1246
Acta Ecologica Sinica

KR A LILENRIBEHEZLIES A

1,2 3 ap 3, % 1 ap 1 2 )

Bt EIAI im AT FER KNS ETER, K

(1. FEMVBE 5 AR A SIS S AP, Jbat 100091 ; 2. PiRG KA BERL A48, IR 400715,
3. FEMBETIFE B BFZE T, JbaT 100091)

TR R VR I BT B R I B S B A AR B A B S AR A AR AL B S (A B B B T, 2 SR T AE 4L Logistic 1
AutoLogistic [E]JSHEEY , %f A ST R 7K 5 7 4 JLEE/NRUBAE B AL 3R 3 7, 3F 1 ROC T ik A B X I MEBU R i B RE 1o 45
REW (1) T LI/, A A (A 28 [B13K 3h 73 R B M — %€ 9 22 B 1E B AR, ELIXFh s 6] B A S PR FE R BE B A9
B INTZHES o (2) B2 [E] B AR AutoLogistic #HAI HALSE Logistic AR KN BE B , X U FATE /0BT /M B $2E 1L FY)
25 [ 3R 3 ) I A RE 2 25 18] B AR SRR . 25 S8 =S (8] B AHSR G , S22 A9 25 18] 3K 3 B 7 B DB R 58 i s 18] B AR SRR R 5
Ao (3) BARFREEAAZKTE 30 B 739/ RS 9L AL B R0 7 A (5] - 352 B X Bk st 28 1 SR e AR AL L 2 B it PR AR AL AN B i AR AR
A IR MR s 3 1) X Bk AR A SR A 45 ] WA AR AP 8 A K 2 ) S35 5 P % 0/ N S AL A A (2R Y
IR A X0y s N2 Bl B R o v i i i AR AR AL R B2

R AP ; B3N 7 ; AutoLogistic [BIJAHRAY ; SRR F

Driving forces for cover changes of Nverzhai Watershed, Zhangjiajie :

applications of a new AutoLogistic model
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Abstract; The driving forces analysis is frequently used in conventional multivariate analysis such as multiple linear
regression, canonical correlation analysis, principal component analysis and logistic model. These methods, however,
assume that the input data are spatially independent regardless of the facts showing otherwise in landscape analysis. To
overcome the shortfalls of the conventional methods to address the spatial autocorrelations, we proposed a new model
(AutoLogistic) by incorporating the spatial autocorrelations into the conventional logistic model. AutoLogistic model was
then applied at the Nverzhai watershed of Zhangjiajie to identify the driving forces for the cover changes. We included
spatial variables (slope, altitude, aspect), distance to the nearest road, stream and residential areas in our new model.
Model predictions were validated based on the Relative Operating Characteristics (ROC) method. We found that; (1) the
vegetation cover changes and the driving factors appeared positive autocorrelation in space that decreases with distance
across the watershed; (2) the AutoLogistic model showed higher accuracy than that of the logistic model, with remarkable
reduction in the number of independent variables; (3) the magnitudes of influences from the natural driving forces seemed
significantly different from those of the anthropogenic driving forces. Slope was the single most important variable on changes
in farmlands, orchards, evergreen broad-leaved stands, and the coniferous stands, while aspect showed its importance for

changes of farmlands, orchards, evergreen broad-leaved stands, and the shrub stands. Elevation appeared an unimportant
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factor driving the cover changes. Interestingly, the changes in deciduous broad-leaves stands seemed to be more influences

by anthropogenic activities.
Key Words: vegetation dynamics; driving forces; AutoLogistic regression; Zhangjiajie
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Fig.1 Map of the study area
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Table 1 Description of variables

Akt AT P B
Variables English name Type Range of variables
A B Bk i S 0,1
Dependent variables AEFRA ML Ry FEA M By S 0,1
R % R a3k 0,1
ARt A o Bt bk a3k 0,1
AW N BRI S B A a3k 0,1
A3 W Bk S - B b a3k 0,1
JEREAM L S HEA AR i S 0,1
AAr e ¥R/ m DEM TSR 200—905
Independent variables YeRE/(°) Slope SRR 0—75
Pl IE5X Sin_Asp sl -1—1
BRIARTE Cos_Asp LR -1—1
B8 B R B RS /m Dist_Road pits 2l 0—572.39
BRI B B BS/m Dist_Stream SR 0—485.03
B 5 R A M RIEEE/m Dist_JMD LR 0—1136.32

B STAIF 1994 A0 2008 A1)+ A FH A, 72 AreGIS R PF B SRy P21 T B L3t Fl /AR g 2 o
RGBT FE X SLPREBL , A< SOK: 1 3 /A8 93 e 8RR 20 b st SR 4 W K 9 I P b L I
TR Gt R/ WA BN AT, A2 AR 1994—2008 SFAEGAEILE . SRJEFIFIBFFTIX 1:10 000 HbiE [
SHASRER T AR (SR BE g Sm) (TE B B TSR B o ZESEEA_E AR RS TE ) 2 [RIIR S R 7, BT A =
[ 3% 5h PR 5247 5% PR Bt s =X, A BT R/ Smox Smo M3 3R E0E d AR 26 R S AR BN B 7 R AR AR Y
(Digital Elevation Model, DEM) 375 ; 3 BE A3 [ ] A DEM w3345 2, JH A (355 1) 1B 90 0 B33 [ TE 5% A0
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HIFEE (= BRI ER) RIS BIE RN — B ZEMA Logistic [H]JH#ERI 1 #5T. AutoLogistic [H]JHHEEAY

SKF Pontius R G % 42 11 1) ROC (Relative Operating Characteristics ) 7745 Logistic F1 AutoLogistic [A]
HITRRRARERE S . — AN, 2 ROC {E7E 0. 5—0. 7 I, B EDIE BERAR 76 0.7 —0. 9 i Fl i, A ALK B 7T
f552%4 > 0.9 B, MR EAFREES .
2 BRE5SW
2.1 fEGAEL

2 JLEE/INIL A, 1994—2008 4R [AAEHSS B T ARFE 8 B 40 LA RE ISR 2 s . IR RS HE BE W] AT, 1994—
2008 4, ARG B LA A — 2R R B T R, A R TE I R AR BT AR RIE AR I ZEA KR, RAE D&
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AR B R, o AR g SR AT AR LB B K, o AR A v I I AR AR S T RE R AR H Ak e
AR 3 5 B bR ) At S 2 0 2 7 32 BRI A B P R e 73 DA AP (% ot R P K L e A P PR R SR el 5 8 R
PR 1o LAt 2 700 F) AR AR R e 20, B R TR AR S e PR R I o b

F2 WRIX 1994 F) 2008 FEPRBEREB TS/ %

Table 2 Matrix of the area transition percentage among vegetation types from 1994 to 2008
2008 4E 2008 Year

1994 4 - P W g AR 4 I i AR Btk HEA K
1994 Year Evergreen broad- Deciduous broad- Coniferous Shrub
Farmland Orchard

leaves stand leaves stand stand stand
kit 61.90 19.10 2.05 5.90 5.46 5.59
P 0.00 96.04 0.00 1.98 0.00 1.98
AR AR 0.00 1.26 79.10 9.26 3.51 6.87
g gy N 2.81 27.08 3.79 45.24 11.54 9.53
[ERL W 1.83 6.85 7.67 7.81 60.55 15.29
AR 0.72 0.55 0.24 2.78 3.79 91.93

2.2 ZE[E AR

2 1) B A SR R B0 RR A A 25 (B A E SR R 2R T Y B B i L D 5—80m , MR 45 i) B AR B AR AR 8 (& Fh
MR RAAL) Z5 (8] A MR R B SE R INE 2 Frn. & 2 (A) WA, 1 5—80m KB KB A A2 BT
E B 2 925 18] 1E B AR S , Hrp B B ) Bl I R A 1A B A AR W ARDL K 2 8] B AR S, 30 90T 3 B ol B
TRV 1 94 5 30 B S (R R LA AU 25 B TEAR A 4 A~ B 2 B AE 5—80m 254K Vi il P9 19 2 [ TE A SR AR
56, 1T IELJEL 19 A X e B 2 8 T D/ PR A AR 55 5 398 1) I35 J3E Y 2 ) TE AR SR PR AR 855 , 78 5—80m B Kl
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Fig.2 Correlograms with Moran’s I of Independent variables ( A) and of six vegetation types changes ( B)

2.3 [EF%R

B Logistic [H] T2 475k F LA G th BUIL LR IR BRI o A SCIEA B AN [ 0 2R E IR E A B 2R
% Bz 6] A AR B OU T, W BRI KA (B (AR &) ISR sh R 7 ( A A ) #H17 T &84
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Table 3 Results of Logistic regression analysis for general types

BBk FeARM AL HEA ML

WA F Farmland changes Arboreal stand changes Shrub stand changes
Driving factors

B EXP(B) B EXP(B) B EXP(B)
Slope -0.008 0.992 - - 0.009 1.009
DEM -0.006 0.994 -0.008 0.992 -0.003 0.997
Sin_Asp -0.883 0.414 0.710 2.035 -1.379 0.252
Cos_Asp 0. 686 1.986 0.153 1.166 -0.261 0.770
Dist_Stream -0.006 0.994 0.004 1.004 0.004 1.004
Dist_Road -0.003 0.997 0.006 1.006 -0.004 0.996
Dist_JMD -0.003 0.997 -0.005 0.995 -0.001 0.999
Const -0.538 0.584 1.803 6.065 -2.196 0.111
ROC 0. 865 0.796 0.747

“—"FARARE(P>0.05) ,TF
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F4 ZEHXB AutoLogistic I H LR
Table 4 Results of AutoLogistic regression analysis for general types

B Ptk FrARMHAEA HEARMHAEA
WA F Farmland changes Arboreal stand changes Shrub stand changes
Driving factors

B EXP(B) B EXP(B8) B EXP(B8)

Slope -0.008 0.992 0.008 1.008 0.008 1.008
DEM -0.003 0.997 -0.001 0.999 - -
Sin_Asp - - 0.484 1.622 -0.781 0.458
Cos_Asp -0.290 0.748 -0.343 0.710 -0.648 0.523
Dist_Stream -0.009 0.991 - - 0.003 1.003
Dist_Road - - 0.002 1.002 -0.003 0.997
Dist_JMD - - -0.003 0.997 -0.001 0.999
Auto 14.755 2559644 8.966 7830.785 11.144 69134. 381
Const -3.708 0.025 -3.710 0.025 -5.763 0.003
ROC 0.988 0.969 0.982

®5 fE4 Logistic ElAS AR
Table 5 Results of Logistic regression analysis for detail types

KFHETF REAE AR A i AR R pkAE L HEA M AE AL
Driving factors B EXP(B) B EXP(B) B EXP(B) B EXP(B) B EXP(B)
Slope -0.026  0.975  0.014 1.015  0.011 1.011 - - 0.009 1.009
DEM -0.008  0.992  0.003 1.003  -0.010  0.990  0.002 1.002  -0.003 0.997
Sin_Asp 0.939  2.557 - - - - 0.309 1.363  -1.379 0.252
Cos_Asp 0.860  2.364 - - -0.960  0.383 - - -0.261 0.770
Dist_Stream 0.005  1.005  0.009 1.009  0.006 1.006  -0.009  0.991  0.004 1.004
Dist_Road -0.002  0.998  0.024 1.024  0.001 1.001 0.012 1.012  -0.004 0.996
Dist_JMD -0.001  0.999 -0.033  0.968 -0.003  0.997 -0.005  0.995  -0.001 0.999
Const 1.646  5.188  -4.271 0.014 -0.520  0.594 -3.018  0.049 -2.19% 0.111
ROC 0.902 0.916 0.772 0.793 0.747

SBEAR4L Orchard changes; 4% FE M- k254 Evergreen broad-leaves stand changes; 7% M- i M #7254k Deciduous broad-leaves stand changes; %
#7AE4L, Coniferous stand changes; ¥ A #KZE4L Shrub stand changes; T [H]

% 6 AutoLogistic B34 #7145
Table 6 Results of AutoLogistic regression analysis for detail types

R EHTF R WAL P& N T AR AL AR WA H AL,
Driving factors B EXP(B) B EXP(B) B EXP(B) B EXP(B) B EXP(B)
Slope 0.009 1.009 -0.013 0.987 - - 0.010 1.010 0.008 1.008
DEM -0.004 0.996 -0.008 0.992 - - -0.003 0.997 - -
Sin_Asp -0.339 0.713 -0.368 0.692 - - - - -0.781 0.458
Cos_Asp -0.629 0.533 -0.469 0.625 - - - - -0.648 0.523
Dist_Stream - - -0.005 0.995 - - - - 0.003 1.003
Dist_Road - - - - 0.002 1.002 -0.003 0.997 -0.003 0.997
Dist_JMD - - - - -0.003 0.997 - - -0.001 0.999
Auto 16.117 9984469 18.021 7E +007 14.363 1729536 15.138 3754187 11.144 69134. 381
Const -6.79%6 0.001 -3.655 0.026 -5.892 0.003 -5.455 0.004 -5.763 0.003
ROC 0.999 0.999 0.993 0.992 0.982

Grifiak 3—6 KIENESERF H, Tie A g 20 282 K L, AutoLogistic #£7 f) ROC {H¥ K T4
Logistic #RIf) ROC {8 (B HbAAL Fr A AL L FIHEAR SR HBAE (LB ROC {E 535 )\ 0. 865.0.796.,0. 747 $2 75
#]0.988.,0.969 H10. 982 ; SR pel A4k | ¢ I i ARAZ AL | F - ] AR AR A A I ARAZ B9 ROC {ELS351 I 0. 902
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0.916.0.772.0.793.0. 747 3£ & F| T 0.999.0.999.0.993 .0.992) , F2H AutoLogistic L HIZL Hh (£S5 Logistic 14
BRI B 4T MG BE , BRTE A 2 LB /NI s AE B 28 4k (1 23 (B 3K 3l 7 B, AN BB Z2 B A 4 P 5[] B AR R R I
A

FHN MAZE [ BHXERZIE , —# a2 5 25 (8] B AT (4PN ) KR, F Ik B R & (&
[EZmaEF) M EERE(B) B EHAKFSRF BRI B MERERRZ WA T RENZA, g EE]
REF SR B2, B IXHESOE R B & W B2 & (S EEmE 1) MR 1828 | A X E R
b
2.4 Kot

H AutoLogistic R AIFHTEE R (3R 4) W LAE Y, At 92816 =, BR2s 6] B AHSC A R (SR S, 3%
Tr] 35 B VR AR 14 o 30 R 5 AR A SR IR 5 e b A A % S R, 3 AR L TR R | VR G 1
05, A B b A 3R /) 4RI N BB b AR (B DL AE — e FR BE L T B AR A B T BB, IR B e I 55 T
HoAth g2 me R X AR e 1) B . BT AR S, F B (B B AR E RGP m S BRI H
FEPWR T, FEE SR AR e R B S BE 1 2 W 3 i, AR TR AP b5 A6 S 7 AR b 5 T BB P 0 2 v 4
K5 B8 R B Bl B S 338 B 10 foc e BE B ARG 0 O i R BEAR X /N o BAE AR MR 2246 T 5, BR T <K
BNTEARMR AR AIE BLAN , 3 e X FL B 43 Sk 3 AR, S e B0 P O R, T R PR R A B RT BB 1 B R
R 5 385 B X TR AP 1t A A 52 M R BE AR XA/ , BB 3 B Wy 8 , JRE AR b 2 Ak & A O ABE 238 S A L 5 BT 3t
) B U LS 8 T 19 o B B N B0 8 R A ) B B B X AR AL ) S I R BE AR XS AR/ o

R BT R, B AutoLogistic B/ HT45 R (3R 6) WA, B T <RI Bl P SR A2 G IR B A1, st 3k 1v)
3k BE R AR R I A e SR el A8 Ak B S 3 TR, e P 3 i R AR R R K 3k B A DX 3R, SR A Ak ke A R
R K XA R N2 2 B HRAARBUE (1994—2008 4 8] L P28 2 AR T 0 48 10 F [ (RE AR BT S
M 1994 £E1) 4.0 T5/500g T FEF] 2008 £E 1 T0/5008) HIRZMR , LA Ry 7RG RMEF 45, KT —&
B BE E TR B OB T AR [R] B 43 T R AR AL A i S5 )t AR B TSR B, AT (A BE R B
T R AR ALY 2 R R 5 53 A0, S ) AR BE SR R MK AR TS i AR AR A i & A TR He 3 1)t 3R
B g SR el 2R Ak i S 2 R R

B SRR AT S S NSRRI BE WA T, £ 6 MaERERN B8R R
A B P , FLA SR A Ay 4 A b ) R 3 gl A K 5 338 B 9 A R 81 ) o B 0 X ¢ R P PR AL Y 32
Wi 3 BEREHE 1) /0N , RN BER/IN G R AB RN BE AT SR B b, 5 S WA AR b R AR B AT BB RS K o

BRI RE MR AT R, B 5 R A B R B RN 33 [ P S5 B B X i 28 A A Y el LA B, VR R
PR Ak A 2R B ) R R S PRl N o 30 T P Y P T 8 R o 5 L S R T X I e b
DARL P AR S TopCh B, 25 08 A 6] 5 AHSRISZ IS , S8 8 T SRR R PR R, £°F 6 2 1% i 18 i Ak 43 A
HIZBRIE L

BT ARARAL T =, 082 (8] B AR R G M 45 % (3R 6) R UL, BR T 4B N ST AR ZB (LB B o, 3
BERI N E R B T, 38 P A 5 BE B SO S MR A B S ) BE RN . X BRI R Z IR BEIE AR
BUR M GEARTT M8 T BRI, KT — 8 3k BE A8 F0 3 - ] bR A R AL A 55 ) B 28 BT K, 38
13 B RIUMIZ AR E B IR 7, A I B R 3 in, & AR AR Ak & AR IR S8 20 3 K 5 3LV 4
X )38 (8 B U A7 AE TR 20 E AR b AR 9 Pt ) PRI B P R 0 2 A, AT 55 Y 3 R 381 18 % 11 g e B B X i 22 Ak
HIFENE RN < VA XA BB BB B3 T, AEET AR A S S AR AL B AT BB RS K
3 £

533 FIF Logistic F AutoLogistic AR, 7347 T Z¢ JLFE/IN AR 1994—2008 48] FAE 15 28 AL AH G , 45 2R
K

(1) Moran 4 I RECAT LA SRBERIE B /i 28 b S Hzs [ R 3 H - ( B 22 &) BB i =5 (6] 5 A
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Ktk T2 LEE/NRIR, AR PR RN AL {25 E SR R 7 ( B AR R ) SR B —RE i 25 [ 1E A ARG, X
bz (6] 9 ARGk R B S A8 N TS e 53 , 7986 25 18] B A S B LA
(2) AutoLogistic #EHIE HALSE Logistic MEAA B 47 HNG L , R IATE 0 A A 38 A 23 [R) 3K 3 g bk , AN BE 22 W
ZS[A] B AHRPE RN o [, %5 B2 18] B AR IR G , 25 [ 2 R A R R A _E SR 2% 18 2 6] H A G 1
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