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Abstract: Vegetation cover maps of three different years (e. g. 1989, 1997 and 2003) were derived from the Landsat TM
images for the city of Shanghai. Eight types of cover change trajectories were then identified from the maps, and their
spatial patterns were analyzed from the perspective of landscape ecology. The Logistic regression was used to model the
relationship between the vegetation change trajectories and 12 spatial, demographic, and landscape factors. The analytic
results led to three most important conclusions. (1) Within the concerned time period, the total vegetated area in Shanghai
followed a continual downward trend, particularly in the Pudong new district. Trajectories of remaining vegetated in all three
years comprised more than 50% of the total city area, and trajectories of non-vegetated throughout the entire period made up
about 20% . Transformation from vegetation to non-vegetation in the first phase (1989 to 1997) took place largely in the
surrounding area of the urban districts, whereas the same process in the second phase (1997 to 2003 ) often occurred farther
away from the urbanized area. The fact that some trajectories exhibited an alternation between vegetation and non-vegetation
suggested the existence of a process of vegetation restoration instead of permanent destruction or removal of vegetation over
time. (2) The results from the Logistic regression model indicated that the distance from roads had the strongest influence

on vegetation change trajectories. The rest of the factors can be ranked in descending order by the level of influence as
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follows; distance from district centers, distance from the patch border between vegetation and non-vegetation (1997),
distance from edge between vegetation patch and non-vegetation (1989) , distance from business center, population density
(1990) , distance from river, distance from expressway, land use diversity within 100 meters, population density difference
between 2003 and 1990 and distance from the center point of Shanghai. (3) The Logistic regression models produced a
satisfactory accuracy; however, the binary logistic model performed better than the multinomial logistic model being used for
this study. Overall speaking, the factor of distance from roads seemed to have a strong influence on vegetation changes. The
alternating vegetation change trajectories in this study demonstrated a rather complicated changing pattern in parts of
Shanghai’s vegetation cover from 1989 to 2003, implying the existence of spatial dependence and temporal dependence in

the changing process.

Key Words: urban vegetation; vegetation change trajectory; urbanization ; logistic regression; Shanghai City
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Fig.1 The factors impacting vegetation change in Shanghai city

PF 24 [N T The distance factors;: CENTER, B51}i H.0 A HES the distance from the city center(m) ; GVR, B X EATBH L AIFEE the distance from
the districts centers(m) ; PCH, B3k H 0> IFEES the distance from the commerce centers(m) ; ROAD, B5 38 f% B BS the distance from the roads
(m); HWAY, B3/ MBS the distance from the highways(m) ; RIVER, B9 i #13H fBE 25 the distance from the river or lake(m). A
A F The population factors; POP90, 1990 4F A I %5 B the population density in 1990( A/km?) ; POP03, 2003 4F A 1% the population density
in 2003 (_A/km?) ; POP03-90, 2003 5 1990 4 A [ %% i 2% the difference of population density between 2003 and 1990( A/km?). St F The
landscape factors; EDGE89, B4 #-AF A ¥ i1 7L (1989 4E) ) #E B the distance from the edge of vegetation and non- vegetation in 1989 (m) ;
EDGE97, BSti#k-ARHBoh A (1997 4E) HEES the distance from the edge of vegetation and non — vegetation in 1997 (m) ; LANDCAT, 100m %5 [
P HF] 2 AU (1997 4E) (Ff) The category of land use within the 100m ( category)
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Table 1 Statistical parameters of vegetation change trajectories
Bk CA(hm?) PLAND(%)  PD(4~/100hm?) LPI(%) AREA_MN(hm?)  SHAPE_MN Al(%)
Trajectory CA>0 0 < PLAND <100 PD >0 0 <LPI<100 AREA_MN >0  SHAPE_MN=1 0<AI<100
ynn 54303.48 8.36 10.59 0.63 0.79 1.10 66. 84
nnn 54120.25 8.33 5.25 4.03 1.59 1.10 81.98
yvn 131795. 44 20.29 17.16 1.28 1.18 1.13 72.02
vay 17258. 65 2.66 9.71 0.02 0.27 1.05 43.61
nvn 9825. 41 1.51 7.16 0.01 0.21 1.04 34.02
v 359805. 51 55.39 7.54 8.63 7.35 1.15 90. 12
nny 10065. 16 1.55 3.60 0.35 0.43 1.06 58.73
nvv 12465.78 1.92 7.45 0.01 0.26 1.05 40.53
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L g 3R X5 b, 810 00 5 95 KA g 0. 36hm”, 5 4¢ X
S 1.6hm> , B X K 49. 95hm® , H T vwv ZERFE X 43
e, FE LA, FERAE- B HE R K, Bk |
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P X P 2SR ZFp 4% BRI AR AH 28K, &5 [H]
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HUC IR IX A K 1L X AN JE . von 3R BHTE LB 0 B
FEREE AL B ARAR 8, R T 53R S 4k o A AR
NSRS 2, A MR 2, X SEBE SR S A 7E non BEHRAH
B O3 R L

R AT
Vegetation change trajectory
O vnn B vvn B nvn
@ nnn O vnv W\ vvv
B2 AR 2 A AR

Il nnv
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Fig.2 Spatial distribution of vegetation change trajectories
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Fig.3 Trend of spatial autocorrelation of vegetation change trajectories along with the sample size
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/N;ORMESET 1 R, BAE R ARG, FZ BPLEAH L, %00 & A MR8 4k , 2% B 2R B X B I RECH
0, Wk 2 W, BATE O HIEEES (GVR) Bz, van A vy AHEL, BT & A2 BOBE R SRR, BE B34 N 1km, von &
A R vvv KAEREZRAY 0. 61 4%, B vwv KAEMERZ von KAMERE 1/0.61 = 1. 64 £, BAI P EIELE
AP LR o [FPERR R B 28 & AT, AT LAFR BB IOR - 11 R/ B € B AR R 2 58 55 . ARTE OR
BIR/N XTI, 45 B 2R AT, A GRS N8 ZEHFHFEHE, R TENERESBER
(p>0.05) 0 p HEEK, HF &G , &EHE— 1 EREHHETF (£ 3) .

®3 BEEMWHESHF

Table 3 The order of independent variables according to their impacts on dependent variables

A& FHfE LR Y
Independent vnn nnn vvn vnv nvn nnv nvv Average  Comprehensive
Variables Value Order
GVR 3 4 4 3 4 3 3 3.43 2
CENTER 8" 10 11 9 9 8** 7 8.86 9
PCH 4 6 5 5 6 5 5 5.14 5
ROAD 2 2 2 1 1 2 1 1.57 1
HWAY 6 11" 9 10 10 6 6 8.29 7
RIVER 10*** 8 6 7 8 7* 8 7.71 6
POP90 5 7 7 6 5 4 2 5.14 5
POP03_90 7 9 10 8 7 10 *** 11*** 8.86 9
EDGE89 9** 3 8 4 3 1 4 4.57 4
EDGE97 1 1 1 2 2 11+ 10 *** 4.00 3
LANDCAT 11*** 5 3 11*** 11*** 9 *** 9 *** 8.43 8

#*P>0.05, % %« P>0.1, % % = P>0.2

BR LR BEEE TR RE, A T RN A B 11 AT R B /MR -
ROAD > GVR > EDGE97 > EDGE89 > PCH = POP90 > RIVER > HWAY > LANDCAT > POP03_90 = CENTER, i&
B SRR SRR T 4 T A T A (A, G S B A B TE B 4R 9T, LA BB TSR A O R R R SR )
ELHE BRI, 28 18 B 0RO SR AL AR B R R . X BATE P O AR X B BOA A BT L, 8T
BURGE P 3 X 5 R B BLAR +-70 3l , AR AT B P 9 3t X AL A AR R ) PT BB RO R . K
18 3 (58 BE AR iy rpO X I SN, B PP OO ML B e B R B, ML 5 AR AL R 0 i 5 T8 8 b R
[ SRR HERS , 53 320 5 AR AL N AR R AT REME R, (R TR 0 AR 7E N 2 i T R ZS [ 6. B9
TR FEH AP, JE R R R X B TR, X E A O RS &, B Rk O i B R AR
BN D158 BE (1990) XA B AR AR HL B AR SR B M FF AN R ARGR . B I Tl M4 A, Wi B ROC R AE
PR fn, AR BRE BR , (EEHEE ) RS R A A SO AR AL A ST 1 A B S A, = B30 T 37 ) B X A B
RIS o T A BB IR A Bk S BEUR T R U P 3t (3 0, BT LA - 0] R 25 50 o A 4 RO T A S
# o ISR UHAE S5 IO T e B — e 1) SRR B B 05 2, BRAR A2 JR JA T 3, T BRI B T &
JERE R, T H L XA R DI 2 BT, BRIk 2003 55 1990 4 A F 45 B2 22 A i P L Y BE B PN
TP AR MR/ o

TR A B R S TR X e T 2 (% LR TR R A 9 4 TR ARV K R UM 5 B ) L %
FEB RO SHE, BIVES 1o O BB , ML 2 A1 8 22 BB A 9 A D AR A B R R B
3.4 532K Logistic [E[HE5 R 5504

K 1989 F1 1997 4R HUE 2R (RGO 1, BN 0) 1EAPIAS 02K A A& (VGT89 \VGTIT) , il
A BAZEH 2003 A 9UE ORSE D AR B, B H 7026 Logistic [B]9 77 pk AT, BORERUEEATS N
450m, BHEE, 3K AR B KNS R BUEE, B 1o [0 A2 2835 00, 3Lk 40 15 Yk 2 3 e s fE
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(0.00001) , HRANFAFER 3 A B2 R Z A A BRI (r >0.8) , FEB Bt #2H,2003 45 N\ 0%
(POPO3) % B 354 . R Pseudo R*{H 4354 : Cox & Snell R =0. 596 ; Nagelkerke R* =0. 82, B {3l &
RORREAR R, T EAUA LR ER R EA B BRMSEITTEE . BHAh & B RERNRE Wald R K5
ZREM (p <0.05) XN REPOH OR [HINK 4,

£4 5% Logistic {JFEMER
Table 4 Results of binary Logistic regression

2 [ F Impact Factor Coef. S.E. Wald df Sig. OR
GVR 0.2052 0.022 89.583 1 0.000 1.2277
CENTER 0.0089 0.003 9.949 1 0.002 1.0089
PCH 0.1646 0.008 383.278 1 0.000 1.1789
ROAD 0.3817 0.077 24.638 1 0.000 1.4648
HWAY -0.0426 0.002 298. 505 1 0.000 0.9583
RIVER 0.1188 0.007 291.813 1 0.000 1.1262
POP90 -0.0754 0.003 475.070 1 0.000 0.9274
POP03_90 -0.0410 0.000 738.413 1 0.000 0.9591
EDGE89 0. 0655 0.016 16.923 1 0.000 1.0677
EDGE97 0.5090 0.022 531.199 1 0.000 1.6637
LANDCAT -0.2162 0.049 19.203 1 0.000 0.8055
VGT89 4.0271 0.074 2952.159 1 0.000 56.0981
VGT97 3.1350 0.075 1767.539 1 0.000 22.9886
Constant -0.5132 0.173 8.799 1 0.003 0.5986
()BT

Bk HWAY 5, Hofth 5 /NPEES R 7% 2003 452 75 H A 1k (9 52 e 2 — B50% , B R B Az , 2003 45 H AR
FIRE SR BRI o A, 0 % 194 R 0 Ko A 0 P 50 e 52 B A K, BB T im Tk, S B 40 A B 250 R AL 1Y
1.46 £ YO B X BATBUP O BERS . HoAth 3 AN E F K52 58RIl PCH > RIVER > CENTER, B3R 5%
We 5 BE RS/ (AR B T 7E IR X R SR F T vk Ao, DA SR T VR TR FF R X AR B B I 2B B . A B
T R A B A [ A B, v 38 DX 1R T B A BE S N R B Y, T ZERB XA A B 2 b X, TG
LR AR Y A 1 7 o DX R A AT, B R A B RO R T B, Z BB R BN, X426
Logistic [B]JH45 R 2 —201

CAPNELSES

PN B R HE 0 A 5 M — S50 , BN 10 285 B AR B A 101 285 B 1 M K g 3t X, A B o B A 2R
ANFIEREE HEBLRAERR . Forp 1990 4F A\ 111 %5 BE s M B K — 26 S 156 B R BT N 0 R B AE e 0
X FIERRIX , 3 6 [X G 2R AE A IR 25 52003 4R 5 1990 4E N A BEZ 2 UEEA T 13a SRR X A 1 &5 BESG
ST A, B ANAATL B X L S 1L K AR IE X 4% T X 4 i [X P4 0 o R A o TR, N B i
FEBE IR0 /N T 1990 4F N H 9% BE H 2l

(3) ®=MHEF

3 AN EOE TR R 4y B2, Hidh EDGE97 41k F EDGES9, Xf TR, B 34 FLBE B 3 in
100m, 2003 4F H} BAE % I HE S 2 AR AR 1 1. 66 £, 1 T3l A2 2 W il AL B 7 iy 4k 32 , BT LA EDGES9 S22
B3 EDGEYT 55, X B/~ 28 B S B T M4 20 A 1423 1) 151 ( Spatial Inertia ) £5 ™), B &8 300 A8 Bl 48 o0 A
X, Rl Im B A B — AEAE 0 A X, 32 B T IR R8s/ , B BB B AR SR e K . L 3R I et
R A R 5 B AR K, JET R 100m i BBl PN - st ) RS (1997 4R ) A 38m 1 4, AR 8 B A R 2 AE B 1/
0.81 =1.23 i, - #F| FH ZHEAL 25 5 AR (A4 1) SR AR I 5 1k

1989 4FF1 1997 4EMAH G 3RS XF 2003 EAHHE s RS 2R IE % B &M, IR 1989 F2AHH,
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R4 2003 4F-7E [F]—Hh X H A RO ME SR R IEREHMY 56. 1 £iF,1997 G AMEECN 23, R/ T, M
G B A ARGE B[] 154 (temporal inertia) , EAE R IR IGE I L.
3.5 PIRREIEHER A LR

HIRVAFE RT3 458)] : 229328 Logistic [B] JSRERY i) 511K 7r K5 B2 81. 03% , kappa 541 =0.78; — 732K
Logistic [B] IS5 RY i S fAKE BE Dy 92. 91% ,kappa F5 % = 0. 84, PR BB HDURICR AR LB &, Horp — 028
Logistic [A[JIERVSCRE LT, £33 Logistic [8]19 f) H 28 B ——HE PR BT , RREANE0T L, g HAEAE
BAE 3 I AR AR AR T ORHR 20 B A B I BOA B i 1] B A8k, 7E— S LR EIR A 2
B, AR R 3 A TS EIR 8 RPE KA IL, FBE 705 Logistic [8]IRERY ) FIHRS B HL — 7326
Logistic #EAUK . X tLi M , AR PR AL PIE B9 B T8 AR Z , EE AN AN B BORZE 16 WL IR 38 LR ™ Ik 25
WIARER T o — 3K Logistic [ElJEATY 9 [F 78 B2 2003 4F A YL IR BURES , B— I I iS22
B, AZARTIRRER A 19891997 iR 2 2003 4F, #R2 B ISHSAC R, R R i [ 51 20058 B 4, C M 4
FEBEMELR o 220 FREBNT vvv BT ) o P RS BE Rk 21 97. 1% 5 — 5y AR AL b, B AR XA AR AR
AR TR G BE AR AR , (ELRR X AR T PR (58 P RS B VR 35 97. 73% o Wi R0, AR SCHR I S 9 18 728 8 X A 4 119
AR L
4 it

(1)14a 3k, b MO E AR 2 BURFEE T R %, 39 (1989 ~ 1997 ) A 9 A el /D B K T )5 3 (1997 ~
2003 4F) o Bk 3 NI R EE ARG 2 A M A AR A AR A B FE B T kT A
AL BT 5%, BT G 1 SR AL S AR ST AR AL, B TR A R R — 7 1 AL, T
ST RS AR AR . AR YE I 1E] S _E A AR AP A 2 (8] EARE AR, B R B S AR R AL
A RHIT R T AR S A AR SRR AE B AR A 25 S i — AR BUCRIR R .

(2) 1 Logistic [EIJAAERISMAT T 24~ BXPHGE AR, IR H T2 A58 55 . B ERS AR > 5
X BATEC O RIBEES > B P AR OO A BEES > B RL O B = 1990 45 N DV > B IR I A B S
> B A BREOBEES > LA AR > 2003 4R 1990 AE N D BE22 = B BT AL RO BERS o G B SE iR
SR Y5 B B A, X AR B A BB B B B, XA R A B SR R K o FE 432K Logistic []
JAAERL rp SR TR R R R, o 1989 1 1997 4R R TR WA HOE 2, XA RS AR MR K, MBI T AR B
SRR SR K AR TR o b T R e S R ML JC LR AR M AR W A TR ARV A, T i 2 e ) B g ) A 98
AT F 33 0 HA R R 2, B e S BRI, A A B 25 A AL T D AL O R N

(3) PIMRE & P BE R LB , 39 LB RO BE o P, 20 SRR BEAR T — 70 A3, Ui B
TSRS [E] FP B AR, BR T R BIAS ST B R 551, AT REIE 32 B HAd A AR T 1 AR R AR T
KRR 2 oAt R 5 o
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