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Spatiotemporal variation in the ecological status of the Three Gorges Reservoir
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Abstract; The Three Gorges Reservoir Area (TGRA) of Chongqing is located in the throat area of the ecological barrier in
the Yangtze River Basin, which is one of the key areas for biodiversity conservation in China. The ecological environment of
the TGRA is directly related to the safety of the Three Gorges Project, stability of millions of immigrants, ecological security
of the Yangize River Basin, and sustainable development of the region’s social economy. The study on the characteristics of

the spatiotemporal evolution of land ecological status in the TGRA of Chongqing has certain reference value for further
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strengthening the regional land ecological environment protection, which is of great significance for the understanding and
solution of the current national ecological security strategy issues that are highly concerned. The aim of the present study was
to develop an index system for assessing the land ecological status of the TGRA of Chongqing using the " basic-structure-
benefit-stress" framework, to use a theoretical model of variation to fit and analyze the comprehensive index of land
ecological status in 2000, 2009, and 2014, and to use spatial autocorrelation to perform hot and cold spot analysis and
transfer matrix analysis of the spatiotemporal evolution of land ecological status in the study area from 2000 to 2014. (1)
The quality of the land ecological status in the study area shows the distribution characteristics of the inner section of the
TGRA >the middle sections of the TGRA> the end sections of the TGRA , and the process of rapid deterioration-slow reversal
was exhibited in the TGRA of Chongqing from 2000 to 2014.(2) The C,/( C,+C) ratio initially decreased but then
increased from 2000 to 2014, thereby indicating medium spatial autocorrelation and that spatial heterogeneity caused by
structural factors played a major role in the spatial differentiation of land ecological status. However, the impact of random
factors on the spatial heterogeneity of land ecological status cannot be neglected, which is consistent with rapid economic
development, intensified use of land resources, and frequent occurrence of regional natural disasters during the past 14
years. (3) The evaluation of Moran’s I values indicated that the land ecological status of Chongqing’s TGRA during 2000—
2014 has been in a high state of agglomeration, which increased during 2000—2009 and decreased during 2009—2014.
(4) The areas of both the hot and cold spots generally increased from 2000 to 2014 but differed in spatial differentiation.
The hot spots in the end section of the TGRA continuously increased, whereas the hot spots in the inner section of the
TGRA continuously decreased. The hot spots were mainly concentrated in the main urban area in the end section of the
TGRA and central urban area in the Wanzhou District, the inner section of the TGRA. The cold spots were mainly
distributed in the inner sections of the TGRA in Wushan County, Wuxi County, Fengjie County, and the Kaizhou District
and in the middle section of the TGRA in Shizhu County, Fengdu County, and the Wulong District, where the extent of
land use is relatively low and vegetation coverage is relatively high. To some extent, the cluster characteristics of the hot and
cold spots in the land ecological quality status reflect the differentiated land resource utilization policies and different

regional development strategies of the TGRA of Chongging.

Key Words: Three Gorges Reservoir Region; land ecological status; spatiotemporal evolution; transition matrix; hot spot;
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Fig.1 The location of the Three Gorges Reservoir Area
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Fig.3 The space distribution of different grades of land ecological status in the Three Gorges Reservoir Area of Chongqing
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LN

2009—2014 4F | 4= i A RO EAARAS A AN B i ) AT H2 T P2 2 1l DX B R DX vl X 3 g DX R
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Hi DX B T X 2 BH B ) A b A 250Dk e 5 2 1 DX 3 s B S 360

SMASI TR, DX A 25 o R R DX b DX A S DX R AR YK AT ) 40 A AREAE , b A 2SR
AT DX B A A P X AR R A L B AR T B RN XD R X R s X ERR R AR
b I FH R ARG 55 R T B A M X5 PR DX R 1) R 3 L DX 2 DX PP A 5 B X K 4 X 2 Xl ) 7 M
X258 DX B O 3T 1) - b A S R DU AR X 45 22 5 HL 2000—2014 45 - it A 200K B0 3 A5 48 AL AF o e PR 2K
RLRFAE PR DX 2 DX rh s | 2R DX R - b A 285 0 et ) AR s B A TR A A1
3.2.2  ZS[AIGEAS AT

i AR ZR G AR, 12 1 GS+HUGE T2 B A RIS X b i A ARG E A 728 S pR B AR Y 1 0
B AR 4, ATLIE 2000 4E 2009 4F 2014 4ERF5T X 4 Ak 20RO 45 S HE 508 R 48 B R i L4
RO AE

b A AR Y 25 T 5 0T 1 2 285 A8 M DR 2R R BE AL P R 3R (BRRRARSS M MR R 28 ) s i, Bl LA IR 3% (4b
) ELFE AN [ SR K FH LA RN RGN E R R a1 F R (W) S P s | - 2R Al e 7Y
RIS RIS A BEAE Co MR/ NE R I A b A= 200K 0 52 B AL R 265
FIFREE s BB H(Co+C) TR N e KAE AR L  Co/ (Co+C) Fn BEALYEAR S b7 B AR S 10 H ], S22 (8 AT 1 Sy
WFFE AT 5 25 1] [ ARG 2 24K 5 , 25 HLAE/N T 25% , i T3 B 25 10 [ A 56, Ui BH IR 1 BT AR 4 A =5 1) 45 44
P AR 25%—T75% , J@& T AR EE 23 18] ARG 25 HUIE R T 75% , J& T35 25 [ AH O, R BRBEAILES 435 | B2 1Y
25 0] S O PR AR B R R B Y AR ORI o X3 A AR B B 4 35k B AR A B | C) M 2000 4E£90.00103
HEfNE) 2014 4E 159 0.00139 , BEHLIE K 58 A58 ;2000 ,2009 F1 2014 4E €,/ (Co+C) 435 47.91% 41.91% .
47.91% , 32 W DX 30 4 b A= AR O v A5 2 ) [ AHOG , S5 R0 1 DR 38 5 | 1 2 ) S o P 2P T (R AL A R
F0F A AR A 25 18] 43 S RE A IR AS AT 200, 31X 5 =00 3 X F R BE 14 AF R AP ik & e N ZEX] - 1 W U8
I P 3 T LA R DX 3l AR 9 0 e ) S PR AR . AR 4 T LU 2000 ,2009 12014 AEMF5E X+ i AE
AARBL AL 8] 53 5 AR R 4308 2.79 (3.72.5.34km , R BIBIFGY X 4= b Az AR 19 23 [RIAH OGP B ZE AT 95K

F4 PRXIMESRREBLEEREE

Table 4 The variogram of land ecological status in the study area

A1 Period FETE Model Cy Cy+C Ay Co/ (Cy+C) R? RSS

2000 Ltk 0.001872 0.002192 235652.8 0.8540 0.102 1.198x107°
BRIE 0.000010 0.002080 21600.0 0.0048 0.320 9.074x1077

R 0.001032 0.002154 27900.0 0.4791 0.514 6.485%1077

o0 0.000244 0.002088 18706.2 0.1169 0.324 9.026x1077

2009 Ltk 0.001972 0.002858 235652.8 0.6900 0.608 6.683x1077
BRIE 0.001319 0.002648 108400.0 0.4981 0.936 1.238x1077

E(ER 0.001114 0.002658 37200.0 0.4191 0.943 9.728x1078

[t 0.001314 0.002638 75517.4 0.4981 0.907 2.159%1077

2014 At 0.001990 0.003083 235652.8 0.6455 0.788 4.252x1077
BOE 0.001403 0.002816 121600.0 0.4982 0.875 2.926x1077

EiER1 0.001377 0.002874 53400.0 0.4791 0.925 1.509%1077

ot 0.000235 0.002630 21650.6 0.0894 0.548 9.123x1077

Co Y41, Nugget ; C. i3 5, Partial Sill; C,+C. % G 1H, Sill; A, : 252, Range; R*. B M & ZHF- 75, The square of Multiple correlation
coefficient ; RSS ; 5% 2% F-J7 Fil , Residual Sum of Squares

323 =E[AIEEH SRR 2 B
(1) ZE 8] | AHSE

ASCHNIH GeoDa B4, HRE4E 2000 4F 2009 4F F1 2014 4F -+ M AR 250K B0 45 45 48 B0 23 8] 43 A B8 45 1
Moran's [ BB ( 4) . 42J5) Moran’s I {HAE4IHE 25124 0.7001 ,0.7908 F10.7970 , 2 BIRFFE X 4 Hl1 A= A0tk

http ; //www.ecologica.cn



10 A E = 38 G

DUAFAERER A TEAR R BLR , HEZS (8] 7 A J AR BERLIG A7 AE— € AR R, B B AR RS AE 23 8] EAFAEE T
SRR (1 4) o AREILEAAR SR L, it AR R DB 14 DX Sl b 1) 45 oAt - 3t 2 2R DL BT 19 DX S
WREAT 17 A AR L5 2 1) DA 1] 5 A b AR R DU 22 1 X IBURTIE AR, mT LA M 14 40k, =ik
26 DX DR B i A AR B0 A 4 Ry AR SR B2 R ARG 4 i, JTHZ: 2000—2009 4491 e 1 ik 31l W .

Moran’ /=0.7007

20004%

1
-6.0 -4.0 2.0 0 2.0 4.0 6.0

Moran' 7 =0.7908

20094F

B oo
2.0 | o 8 . °
2 og
o &8 Cogo,
o

°&o 0

W_LESI
(=]

LESI

B4 TiAEBRRLGEIEE Moran = [E
Fig.4 Moran scatter plot of Composite index of land ecological Status

LESI,j:iﬁ{q?%?’{ﬁﬁé%é‘ ﬁﬁ,COmprehensive index of land ecological status
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oA M 11 4% ) DRSS AN REAE I AR A I v AR FEE 1 S e DX i A bR 1) AR A ARFAE, 35 £ 2 A
I3 IT 1B — 2D R SR B DX el A AR B SC IR B . A WIE S T 0 T 5 BT A b b A AR DL 2R 5 R AL
ATV IR, A5 B RS I 25 A% Rt AL 1 (18 5)

MBS ATRLE 2000 45 R0 DX oA 5 v, 2 B4 vp A7 A g KR R I 3L DX (WD 3P ILX. U3
DX R DX R R X ORI I DX TAE DX b D) 2 DX i 3 M X R 3R X, 323-E XA R B R DA R
[ 8 H IR R BLR 22 07 D S S0 R R BUACHR 55l 0 DI RE R e i R AR R R AR TR K BA
e [ B M A R T o DX T P XIS 4T 5 — R i ARG A DXl o T, W B 28 A 2 Pl
K JEMBIX , N A A PTG ShIRIZN, A A 2SO/ TR TR v i XS A R 28, B0 A 7 X M )
AR B AR B ZE T BRI DX AL SRR R DRI B IX., 5 X — I ) -t A AR BB X 3
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Fig.5 Spatial and Temporal Evolution of hot and cold spots of land ecological status in the Three Gorges Reservoir Area of Chongqing

2000—2009 4FEAFFFE X 4= i A AR GG VA R o AR e A2 T B AR Ak R DX 30 ) AR A DX el 5 TR i i
X AR DX VD EEI X HE—25 K i X b3 DX A R s DXl SR8 /N A 385 T 4 st DX 3l D i) e DX b v At
BB TFM X B AR AR Bt — 204, T3 3 e O L N A L X e s X, 8 T I R 8 — A [
FRFHOH X BITUH X, 52 30 7 Homn il & e 9 2 55 & R 16 s (52 i, - R s R Ak, X3k 4 b A= 2549 1l
FE R T7, FEVA A5 0 R DX S T P %) N DX R AR IR B | 37 [ SRR R AR TR | PR TR Y K 0 Si, 35t
WS SR Z RErE A 1R o, AR R OB 15 3 i3 |

2009—2014 4F A T PE XA A FEIILIX (PPEFIIX e X b m R X R H X LB IX frh
DX BRI TR X)) #R DR 2 W 72 Ak TR P28 DXt 7 PN DX 8 %) A et DXl T O i — 26 4 /)N | 32
BLAZ 55 T E R AR A SO R S 1 R S AN AR AL R R R Z BT IR, AR R R %
S0k PRI UR A BRAT , 22 DX 1 4 b A= S PR BEAT B AR 4 ) BEASKT IG5 . 9 XV A5 DX 3 Bl oA & A B
WA A B AR X A AR L B AR AT B TR KRR P A A B AR R R X A
B 7 T AR A X
3.3 ARG RS b

iz ArcGIS 10.2 Xf =M% 5 KZ A7 0050 B, 45 21 =0 J X 5 K BE 2000—2009 4, 2009—2014 4F- Al
2000—2014 4EF BEAN[R] = AR AR R B SRS HE IR (3R 5) .

% 5 AT LA, 2000—2009 4FHA[E], AN [R] 4 b AR R0 A 9 2 (8] By e A R B0k . AR AR B i A L i i
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AT, 2000—2014 4F [X 355 - b A 25 R 00 300 4 I f | IX 3 - b A ZS0IR 10 b o Ak (1 sk A5 31 T A sk B
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SRR ,2000—2014 AEH], A ARG E AL R4 P& K 22 R L E 2 5 51.19% |
56.04% 42.19% 42.83% 1 1.8% , H. 5% F% Lo ]t K () 4 b AR Z5R 00 25 530 43 S0 107 Ry WL PP 4 #5022 22 Mg
% ARMEL PR, RAE X 4 3 A AR DU AE 2009—2014 4R35 T — @ B2 BE i, (H I B AR P08 X de + b
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Table 5 Transfer matrix among different grades of land ecological status in the study area/ %

b A AR B4 5

O Quality level of land PREEL . )ﬁiﬁﬁf Fﬁi':f:‘% Eiﬁ% ﬁi%
Year ecological status Excellent quality Good quality Medium quality Poor quality Low quality
2000—2009 Jrigsyn 46.15 44.06 9.78 0.01 0
Iiig=d=8/a2 3.74 42.24 48.99 5.03 0
[Pt A 0.26 8.95 55.33 34.73 0.73
i iE 0 0.37 11.82 60.71 27.1
Jo i 2 0 0 0 1.38 98.62
2009—2014 IGig=<)n 95 4.89 0.11 0 0
iigsd=Y/s2 6.45 89.14 4.39 0.02 0
Jo i A 0.01 10.02 88.37 1.6 0
s id 0 0 12.76 85.18 2.06
it 2% 0 0 0 3.44 96.56
2000—2014 itk 48.81 43.29 7.89 0.01 0
it R4F 4.54 43.96 46.7 4.8 0
Jog A 0.3 10.39 57.81 30.23 1.27
A 2% 0 0.48 14.25 57.17 28.1
JoT i 2 0 0 0 1.8 98.2

4 Z5iie

AHFFE LA =0 X PR B IFGE XS 42, i T -2 ) -0 25 - PP a0 R SR A S T A Ml A OIR B PE A 48 bR
AR TR T X8 4 A BRI B F8 BRI 43+ AR AR S5 2, it CS+ARF RN ArcGIS Hi e ER
XPFGE X 4 A AR 25 A 8 50 S R BICEE A R AT T UG 08T, ZEBLSERE b 3l 5 23 8] 3 AHOG 2 4R 41
MR R AR 53 #7751, LA 2000 4F 2009 42014 48 3 AR 38, /08T T 2000—2014 AR5 X - oA
AARBE S 2 AR BUARAE , 8578 SR F .

(1) WP EE Y 1 AR BRI PEAG 8 AR % PSR\ DSR HEZEAR TR WA - b 45 327+ Ml A= 252 A B
K, BT IR X H PR BE [ AR A S IR 5 IS S R SR A S IR T SR T B A AN FE A, BOAE T AR T 3
REE b A A ZR BT i Z o8 T4t S 0r g it Bk £ b A AR B R m M E A AR Z
b, BETENRLF A FH A FAE = 092 J2E [X 1Y - A AR

http ; //www.ecologica.cn



23 14 IO A IR DX PR BE b M AR BRI 25 A% J) T A AR AR 13

(2) B RIE AR BT, 14 4F ok DX 4 i A= 2800k 00 28 30t DRl 0 b -2 18 0 i 1 A8 AL b B2 . 2000—2009
AR ] DX A AR GCAL TR BORAL R B ,9 A5k 4 M A AR 8 25 (PR e 22 | i 25 ) 1 4 b i ARG
T 399727.63 hm? , AEIIHE IR A 14.47% ;2009—2014 A3 ] X Jak 1 b A= 0RO H B0 T 2218 330 %% |5 4Pk
AR 22 (B 2E i 22 ) M AU/ T 49014.47 h? ARS8 500 1.39% , AMER I, IR
IX 35 A b A= ORI PR A A A 3595 B — 8 B B 2, b b AR R & 8 SR AR ™R, 7+ = W a) )
ESRO SR i W S S VA1 { W M g R - LA R 2 S ek o2 ) [ L R (O B L B el
il B H Y IR FUK ik T b B F B2 S L KR A S AR R B S TR TR AR SR
AR 83 S IOF E AR R B S e R RO R A S R R RGBT, Mt S &
FIRRLR A JrfR IR S IR

(3) INZS 1534 B, DX b A 25 o 5 00 o P DX b | DX i | DX R A U AT 1) 43 A R AT
A b A AR AEDF D 3 B A3 A 7 P X AR AR L B AR L R B R X DL R X R AR A R X F2 A
B AR EL A R AR AR 555 R i e DX T A DR VY T3 PR X P R A e X K AR IX
T2 DXt P 7 P DX 52 DX O 3l i ) 0 A e SRR A | TN Ak 1 bR i e e S BOHE AR ORI A X 8K
25, ATULE YT e FEIX A AR AL Tl Ak & R IT R Uh il i 5 AR SR 9 G &R U AL | Tolk Ak ek
RIEIIHIIX. | b A 252 KPR 5 28 AR 0 R v, WA 200 5 e S HE 0 78 Talb Ak B B s B Ak e 12
BT & RS AR R R 7 =0, NI SE & 0% & TR AR SR 1 S S —

(4) MK s+ b A= AR AR AL Ve S AR JR R R, 2000—2014 4F | A5 X I 32 B4R Fh A 78 JE X B 1Y
FWILX (VPIEIIX. Jule i IX b X mE R X RIE O X YTAB X i X B IX | EVRg X)) % X b T M
DX HC IR X 5 8 it DXl 2 B A 7 DX R P A 1 B AR L T B TR DR X rh i A A B SRR
B B DX SFAR RIS T AT RGP ML IX , BFSE R W S o A FE S ] B AP TR TR RE R B A TR X e
7% 5 X IAE 2000—2014 473 FELEVA [ 52 3R B i i py ka3 (HAE 2 0] EARFRI T — & 53 S A1 . R IX
JRE IS ) A A DX I R A DB % T P DX 19 7 P DX R DX Bl R D) 3 R 0 8 A il /S ) i 4, Sl ARk J R
TR S E S A0 Bl gkt TPk JEs KRB ESEAE T, R S S 22 4k B + R IR BOR , 78 &
WOLIX  AWrse i Diae , LA\ 2548 , AN T 38 P Bfi 2 104 Sl o) 3 sl 0 AR 55 M i by | VT e
DX 1 4l o Co FVBIGRT s | P it b DX ST TS0 A B 211 P R A R T 5 78 2 DXt 0] 0 A 2 S B e 1
FEFNNGE AT, IR Bt 2 & R 5 R AR BRI & B 151 S N AR RIERB N OB &
JTRFERAP I = XA T LU ZRK, SEE XN REAREUR , dE K b K 24 5¢hd . mIllL, - hb A
A BRI AR RS AR A — R b S 1 4y 22 il A % ] 0 0 B B R A e S s

(5) AHIGTFA FEHE T Tl -S540 R0 25 -Whae ™ ALY 1) £ A 25 PPAR T BRI 28 FIR FH 25 (0] AR S R BURR AR 28
6] AR S4BT e RS A0 HT 32 B9 38 T DX b A 250k L s 25 AR AR R 5992 W, A5 A 0 0 X e £
M SBR[ WF I8 AR A AR AR AL R A 1 5K 3 R 2R 852 i WL 3R A 7 43, X3kt
i AR RO AR AR A BK B0 R 2R 40 B 2 A R (AR 1 — 2D BF e i D7 ) o G Ah AR5 rp R R AR 25 10—k i i A 7

EARAIPRAEA AL IR | R 2% SR TS BR S (ELR) 8, 1717 = i A= ORI DAk 8 i 10 {8 i 1 o 2 — I 19 52 2 i) 2 R ()
A, EHTEE AR B bR () R AR TS B — 2 18 18, I A T i — IR AR TR IE | 28 35 4 78 LUS 1 i 5%
i AR R PEAG R AR FR 00 (A 5 1)

5% 3 HK ( References)

[ 1] #esEhh, BERCE, 256, R, WHER. 2 T8 Dagum 28 ZE 1 £ K25 M DI RERT 28 AR 0. Al TRE2E3R, 2016, 32
(10) : 240-248.

[2] T4, BmE, S0 ESLRIPHRITI A T LT A 2525741, 2003 (09) :1551-1556.

[ 3] Rapport D J. Ecosystems not optimized: a reply. Journal of Aquatic Ecosystem Health, 1993, 2(1) . 57-57.

[ 4] Brown L R. Building A Society of Sustainable Development. Beijing: Scientific and Technological Literature Press, 1984.
[ 5] Eckersley R. Environmental security dilemmas. Environmental Politics, 1996, 5(1) ; 140-146.

http ; //www.ecologica.cn



14

S % 38 &

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]

[18]
[19
[20
[21
[22
(23]
[24]
[25]
[26]
[27]

[

Newman E 1. Applied Ecology & Environmental Management. 2nd ed. Oxford, UK: Blackwell Science, 2000.
Thomsen M, Faber J H, Sorensen P B. Soil ecosystem health and services-evaluation of ecological indicators susceptible to chemical stressors.
Ecological Indicators, 2012, 16; 67-75.
Allan I, Peterson J. Spatial modelling in decision support for land-use planning: a demonstration from the Lal Lal Catchment, Victoria, Australia.
Geographical Research, 2002, 40(1) . 84 -92.
Makowski D, Hendrix E M T, van Ittersum M K, Rossing W A H. A framework to study nearly optimal solutions of linear programming models
developed for agricultural land use exploration. Ecological Modelling, 2000, 131(1) . 65-77.
FAO. Land Quality Indicators and Their Use in Sustainable Agriculture and Rural Development: Proceedings of the Workshop Organized by the
Land and Water ... January 1996 ( FAO land & Water Bulletin: 5). Rome: FAO, 1997 2-5.
Hammond A L, Adriaanse A, Rodenburg E, Bryant D, Woodward R. Environmental Indicators; A Systematic Approach to Measuring and
Reporting on Environmental Policy Performance in the Context Of Sustainable Development. Washington, DC, USA: World Resources
Institute, 1995.
De Lange H J, Sala S, Vighi M, Faber ] H. Ecological vulnerability in risk assessment—a review and perspectives. Science of the Total
Environment, 2010, 408(18) . 3871-3879.
B, Wll, SEAR, RN, JET FRAGSTATS B IX 8 4 Ak 25 B 45 A S P A 5T
355-360.
RVEE, RAME, BN, MR, RESR, 2R R R 25 2 ) 43 S B - s A AR BE A e . K R RRERIFST, 2015, 22
(4): 201-205, 209-209.
MAEE, EHIF. ST AR AR ERIT = M AR S KUR R (. Al TR, 2013, 29(19) ; 224-232.
X5, RER, 228 8. LA S USRS SRR KA . o R, 2012, 26(6) ¢ 20-25.
INRE, tAiEdE, XUPR. B K AL I8 2K I A 4 i A 35 % S S PR ——DABR Y A R T . BRI AR, 2012, 27(9):
1520-1530.
HOMEYY ) B OO, RIRTT, LM ST YT T LA A AT, £l TR, 2010, 26(3) : 316-322.
AREL, WRICHE. HET e Y B0 I A A 2 U X M A AT AT BRI, 2011, 22(10) : 2681-2685.
A, B, RN BTSN ERIT =AM R A R L 2. £, 2010, 30(21) : 5894-5903.
TR, BB, L0, FHER, RBOL. T RS M GIS 1 LM AR S IRBPR UL B LS A7 k. ARl TARZA4R, 2008, 24(11) ; 83-88.
VR, JA 55, TR, S, T, BIILA I T LR SRS PR s o0, T B R, 2011, 25(7) ¢ 80-85.
BONIR, B, HES, ZEUE. G DT AR & TP, HARBEIRAR, 2017, 32(5) : 778-787.
R, BEM, RIMHE. IET AreGIS XGUH I IEZ T LA S BURIEAN. AR W4, 2011, 26(7) : 1180-1188.
e, T, Jumd R ARSI R RS E . TR X EIRSEREE, 2006, 20(2) : 139-143.
WA, wREE, EasE, GUUIR, R, =ik X R BRI YN A AR SR AR R, A ARBEIR2AAR, 2015, 30(7) : 1197-1209.
AR, XNEE, Baiy, A%, skin, PEE, Ere. =X (B TR R M AU AN KA ) SRR, ARSI, 2009, 29
(2): 788-796.
PEE, B, BUETET, 20, IER. SE T TOPSIS 5 ik i =W IX /R A5 Ut X 1 MR R SR g E AT 4. AR 28224k, 2015, 35
(24) . 8016-8027.
JERRI, skl bR, FETIES 2 BRI =R X 4 R R AR S KU PP, Ok TR, 2014, 30(23) ; 289-297.

P, ST PSR BIALA =R X H OB A AR B AS A, MR, 2010, 29(9) : 1095-1099.
AN FFHEVRIT T S 0. IRBERLAIEST, 2000, 13(4) : 53-55.
Walz R. Development of environmental indicator systems; experiences from Germany. Environmental Management, 2000, 25(6) : 613-623.
XUREE, FE, GRoRHT. ST AANE I X IBARA IOK & PP —— DL Zr & 0. KBTS 7K TR0, 2009, 20(1) : 99-103.
bk, AR, SKRFER, SR, BtEN, PR M A, SRR AR S TURR X A A A5 A T I I 5 e s AR —— DA TR PR T T N
K. AR, 2017, 37(24) ; 8227-8240.
WEE, ZRRIR R, ARLEE RIS R AL 5 AR SR AN AR, 2006, 61(6) : 645-653.
R, DR, FPEN, AR, B, Ve, B, 5 DN R R AR R A 4 A A AT —— LA D 2 R
BRG] HARBEIRAER, 2009, 24(11) : 1921-1932.
O, BMEA, SRS, IR, B, e, PR L XA AR X AR AR S O (X b ] A A 8 e R —— L T DR T M X 1)
PURIIM 224 . AARBLSARR, 2015, 40(11) : 80-87.
Uesm, MIARDE, AN, BhAR, fthte, B e R XU A DR LA 2 A B I A e R AT, 2011, 31(21) :
6317-6327.
Tobler W R. A computer movie simulating urban growth in the Detroit Region. Economic Geography, 1970, 46(S1) : 234-240.
BN, ARERE, ZoTvbk, 813 L. SET R BUR S RUR RS 18] B ARSI BE I A 2 X A0l TRE2# 4, 2014, 30(18) ; 249-256.
BREZOE. JET Moran Sitik ity Zs (6] F ARG B A JRAN 7 ik il BBRTFSE , 2009, 28(6) : 1449-1463.
Anselin L. Local Indicators of spatial association—LISA. Geographical Analysis, 1995, 27(2) : 93-115.
AR, BET RS R 023 () e 127 10 DX B A 25 U A BT A= 252741k, 2008, 28(10) : 5020-5026.
EE, AN, B, BRAITL B b/ 3K o i 23 AR S AR E——F 0 S e AL M BEAR AR, 2000, 55(4) : 428-438.

DIVLIR A BT A ). 138, 2013, 45(2) .

http ; //www.ecologica.cn



