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An empirical analysis of urbanization spatial process and its ecological effect in

western Taihu Lake Watershed of China
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Abstract; Across Taihu Lake watershed in China, landscape change associated with urbanization, particularly urban
sprawl, has been significant during the last half century and is expected to continue through the next decades. We organized
the study around key questions; how did urban land expand in the study area? What is the impact of urban spatial change
on ecological land quantity and pattern? We adopted some spatial metrics by use of ArcMap and FragStat to answer these
questions; applying Intersect and Buffer functions of ArcMap to analyze spatial relationships between urban land and road
corridor; using fractal dimension ( FD) based on FragStat to measure urban expansion form; getting the contribution rate to
ecological land growth (CRG) and contribution rate to ecological land reduction (CRR) by urban land according to the
transition matrix between ecological and urban land to describe impacts of urban land sprawl on ecological land quantity
developing Insulation degree (ID) to measure impacts of urban land sprawl on ecological land pattern. The major results
are: (1) Urban land sprawled obviously along transportation corridors. Mean percentages of added urban land in buffer
belts (R1, R2, and R3) are 88.24% , 90.23% and 94. 68% , respectively. (2) The distribution curve of urban land
expansion form ( FD) showed a ring and “U” shape. Towns with MFD > =1.5 is around one wing Ua where 73.68% of
urban nodes UR3 are lied, and towns with 1.2 < MFD < 1.5 is around the other wing Ub where 57.58% of urban nodes
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UR1 are lied, and but there is no evident relationship between MFD and numerous urban nodes UR2. (3) Impacts of urban
land sprawl on ecological land reduction and growth are not both obvious. The CRR i 9.8% and CRG is only 3.1%. (4)
Spatial impacts of urban land expansion on ecological land pattern are very evident. The area percentage of high-value area
of MID was 66.33% . Two high-value cores located in Economic Development Area of Liyang city and Jianbi-Dantu town,
and two high-value belts located in the area between tow cores and the region between Liyang city and Xinjie town where

MID >50, and the highest value of MID was high to 89. 32.

Key Words: urbanization ; spatial process; ecological effect; Insulation degree; Taihu Lake watershed
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Costanza %5 A X2 3R + 1 2 50 i) 4= 75 IR 45 Th BB U (ELAD
KAV AT THRFE , 7R (7 - ) P2 80 ) A 25 R 4 20
BEAMER/INRITHBRR B R ], A SC T 4 F + 3 A
SYAARZR 37 AR S PR B U AR, Y4 A 25 R 4 T
(R E AT IRTR B XS/ + M B4R Wy
AAM(E), e
1.2 SRR Bl e A
(1) 2T ArcMap 451807 36 W IR S0 3 lr 9~ A .
J&: A ArcMap B Intersect 75 ¥B 1984 ,2004 4E I,
SABEH, 155 1984 ~2004 4F 7 3 50 FF i BE B ; ) A
Buffer 4517 2 2 37 /N B AR BRIUHF ; 4RI 5 B
SRAEFEHIIAT Tntersect , 45 HHEELIR AR 718 IR L B
R, (2) BRTFAHEBSRAABRERNEY B F;?&Tfm
BEERERYCER AR A BRAE, SR

F1 ETFRTLEIMASRERAESAR
Table 1 Ecological land based on current land classification system in China

22 Classification

S

Yangzhou .

{
WF4E X Study area ﬁ

1 2 3
A H Wood land, # A #k Shrubbery land, i #k #1 Sparsely forested
R FA#b Cultivated land HHb Forest land woodland , 5 % #Rk & AR # Yong afforestation land, 35 3 Slashes, ¥ [H

Seedling nurseries

SR Orchards, 3 Mulberry fields, 2% Ff Tea plantations , 75 {8 Rubber
plantations , H.'E2 A #b Other

RIREH Natural grass land, 3 B L # Improved grass land, A TE Hi

Man-made grass land
FF] Fi# Unused land FF FH 4 # Unused land FEEHL Wasted , #;5Hh Saline-alkali , 75 73 Wet
I /K 1 River surface, #JH 7K i Lake surface, FE# Reed land, P 3%

Beaches and flats

[t s Garden plots

HrE #b Pasture land

HEz £ i Others

TR ABGER BN E SR W RIS B M B 45 FD (A 1) R 7 4
¥ MFD .

FD =2 7111(11; '54)

A, ARER i K, o, ABEER § AR, MFD BRFREIIZ RBR 2%,
1.3 ST A 7SRO

WERMY BIEESHBIE /D R PR MBS R BB SR X R W, (1) HELNL
8%, FMABWHTMAREIESTT AR 6] B S E M , TR A AR A% A 75 R s B T R
#(CRR) A A TR E (CRG) . (2) BRES ¥ (insulation degree) . IREEY B —F TH FEAES F
Bk 2 o) B B F 23 [H] R R A R B WA S ARG E R RIS eI ; — F B AT SHE A 6
HIME R AR B EASRAER LR SHIIERRERZ, M™RE X DB R RS /NFIEE , 4
SCAI 2 3 Y R S R B U B BT R B A R R AR

ID=a l—“( d ) 1 (2)

lu,O a
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Lo 53 IFRREESE S AR R AR IME, d, A d o 0 AR AR SRAETE S 5 B AR SR A BE B K AR #41H
4./ 4 BEBESHUE IR E “ Bl W51/ L AR SEUR IR E “ Bl R . SURMRE R 8-F39E 8 MID, it
BRI FET 2004 AEAEZS R IEELA 1984 ~ 2004 AEFTIEIRE B RN AE S PR H AR IR 242 r SBIH ; Go T 4R IR
AR R [, %5 BArPEREER d,, , R REEE TR T RSN 5K BER , B8 D f1 MID,
MID > =0, MID =0 B %5 5E SPIER A TORG IR TR , ST R AR A A% R , MID 8RR
A A% R T PN B 2.
2 ZR5iHE
2.1 SSHAHR LR A AR
2.1.1 SREEFMERh YR

A BRI R A =R E R, BB 242 i /DB R4 R vl 2,03, 3R 4R 43 1% R1,R2,
R3, 2R =FPEH GBS T HHE 2 B 85% WG MRAE MM, 4R R3 MEEIL 95% . Kl 2a B
A BRI H G SR T 4 LA A 2R, b SBIH R3 DA FEIRE A E 2 A 2 i 2k = 4R
LEEETREES, B R1.R2.\R3 Frigm M m AR E 2 LE BN 80% , RBRFHE & L2 H1h
88.24% .90.23% .94.68% , H/IME 53~ 82.39% .83.22% .87.23% , WAEF# A Wl BHT BED 3 1Y b ) 4
fiE. R2 A1 R3 MR 4R IAHIE R B A R R R A B SR M TEAR MR BT 257 A S1 T ARE BT R2
1 RL Fg s R A 4 W2 (E, A S2 ST ABBEAF R3 A R2 FR A m AR E 4 e 2218, B
2b IR A S1 BN, A 82 BRI B R2 SBI0 SAE A B 40 A K, R3 4R B AR B Bk =
B m YR R

100

b 1 451

B 41 bk Percentage
B4 EL Percentage

80

£A1 Town district 4818, Town district

B2 ERGEEINEREARERT A
Fig. 2 Percentage of added urban land area in road buffer belts

2.1.2 WY BESSEREZREICCR

ERREA n FIERER, RRERBRETHE n KV BM, V BESSHAKRERNEEREFE—E
KER? BT RRELEAITE, M ESPIRZBF AT RN AR ERFEF S TRREEN, (B ABERE
SRS TR BERE , BN S AR BGEE N 1 ~6"" . BRI RAE NN K A 4L BLRRA) , 04
AEERPIBE NN 1 ~6, B 3 FRET ArcMap FISUSIERY RIS 4E8 MFD #) Kernel 53 A AISRARTY
MBS BEHE UR, b URL,UR2\UR3 53 B AT R A BHEREON 1 ~2.3 ~4.5 ~6,

B 3 T4 MFD 53 AaTE75 230RFE“ U, B MFD L) TIP3t s B8 .0 X, Bt S 08, [F]
i MF 737 i e 2 Tt B R ST B DA 5 B X 9 TR T P P ¥R P 3, Bt 2k U (1) ik U 3 Ut
ZNI Ta, MFD > =1.5 ST BILSBOVEZLR, A 73.68% B ABERLN 5 ~6 BT & UR3,
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42 90 R LR ZHTF K X R IE EIRIMZ B X T
BWEGE , e Tolk b B KM & B R s
REBHTEIE K, AR A& X IRET & UR3 RE
PARABENABAR BRETLMERERMGHEEX
B, TESREK N EEERABBES R, REHK
WERAEHERAMEZHISEMEHT &R, XL
REMEREASHX . FHIE T, HEAL, BEH
My RIEASMEA R R, (2)#ZL U TE Ub. B
Tb, 1.2 <MFD <1.5 SRE MY BB NE $, 4
A 57.58% B AREZERE 1 ~2 ST & URL, N &
P FACEFERIRE ZE /N MFD [ 7 NIRAET &, 35
78.79% IR T S F 1.2 <MFD <1.5 [X, X4
XA F RS0 E B L VL VLA H M T AR L

X, R & URL MR Z 3 AR, 3 ® URI  u L
BRI ETIPOE T E R YR, b T A o U mm s
SRT S AR, (3) KSR A UR2 MO 4

Hi RS BT AS S AR SRR AW B, AT, W H3 SRR RIAS LRI FXA
T S B 1 A B e BN B PR T Fig. 3 Spatial relationships between MFD and UR
AW, MR & URS 7 RTS8 2 IR 8 URL 37T 2 HI 560 20 [ BCIR A2 MRAEL S5 5 UR2
¥ RS S HABEERZ RN LRRYR.
2.2 RIS AN

HHAA IR A T A% B 0 A TS SRR R T B R A= RSB, BT RS
KBNS RAR R ERAEANE, iSO ES AEN BN RAERHA T E, FE L
TR RGNS A BRI, AR L A2 2 B P Fragstats 595t W 4 (landscape metrics)
T, AUAE SRR BT 26 2B A BB R LRI/, AR SO R BER T S L oK I Ak A P 2
A AR HO B A RBE B A IR A TE A%, A R AR TR B
2.2.1 XASHAHEE WA B

(1) 4347 1984 ~2004 4EL: 25 PR DRI IR, [ 4a FUR & FILE A M09 £ B+ 20 Moo
SRR PR o FIBRAL N 9. 8% , AR 90% B A5 FIMUBHE 4 HUM AR . 5 o T 4b 7R A 28 M ke
VA, 305 97 % iR A5 PR B B HHEART S 1 R , 4 e IRl B X, T 3. 1% BT A A FTHOR B 9%
ORI, BT, SRR oV A 25 B o I8 , T oA PR M B D 1 TR B R ARG 5 2
PSR E BRI G F. (2) 1R 4RI da SR A A FTHURIE do A7 PR S SRR s
SR TAL, B RIRR BT RAHRR A S URR RS A S R E R . RERIK A, I
P X A A AR, B> SRR 1 275 PR 3 o P BAR X TS R BB R , TR B 2 25 3
M EERIERE A TGRS, (3)FE do MEFIHREST, T B EA B
5 BERSIE . SRR P4 X T R E A B T TIE B A A O SR TR 5 P MR o TR
BGIR A 2S F AR O IR ALY B < BERS” . RIS K S0 TR AR 1 B A AR P SR 2 4 Bk
FIMGE T M EER T, A SRR FA TSR AR, 55 BE LRLT TRRAR MM
AR AR AR5, (523 BUE ST B,
2.2.2 XA FHE R A B0

(1) 5 WEBSE MID T A B (R0 AT , 5 & X TR 66. 33% Bk T BRI 3 7F % 1K B HL MR
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a b

Eco-land to Feo-land to Urban land to Agri-land to Eco-land to Agri-land to
urban land agri-land Eco-land Eco-land urban land urban land

B4 FEIHFRERER

Fig. 4 Transition matrix among principal land use types

SFERNGE T OB 4 -PH R 5T 5 B4 4 B R WA 2R 3
AT PRI X - BT AT 4, S 23 X PR S B > 50,
BEBEEMSKEFRXE 89.32, ZHXBMTEAEDH
SBCR L, DL MR K Ok 3, 4 R s X A A
S o5 PR AR UL, SRR R Y B AR R Bk, (B Y
B, B MID AR HRASFREK (ERS
&) K, KsBET BRESEH1.2<MFD<1.5 H
PREE, W 1K, d N, EMID K, BT, EREE
I X 35 2 3 T 006 0 45 2 75 3 9 “ S ok
£ Y KB SRS B B, WA S A
R AR PR 2 25 P B R SRR 28 1 . B3R
B, “HEfih” D2 IR BE IO 3R 3 Tk R AE S
SRR L Y TR A2 P & PSR R B B
Gif, (B KRS RIS IEARRE 4, B KB4 y

BT L2<MFD <1.5, 5ABEZRXRBE NN D, Lo
BRI, AR SRAE IS B i T 1 R A AE , A R R A Y

T, B SR 5 A A PR AR A R T B A I;ﬁz M:DZ s

BREGE” R, T IR AL A2 25 R il
o (2)FBRMXBEY BIERK, I K, d /), BAEE T
FSBEARR > HIESVN, B a R/, RE/NRIREZ AR Fig. 5 Spatial relationships between MID and MFD

53 PR i FR T 2 W, S BEE A\ BRI ES BE TR (R

TEHE , BT MID AEXTE/D . R IR A B o5 LR IR B, AR s R AR L B AR KB
B, R BUE SRR s, IR AE R, FE LGSR, AR AR S A R E P, |
PR R X SRR B R E X R FR AR A S, b T8 5 KRy R R OC, R R X BB
HRTERRE, REE ST BRIESEEM e —3
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(1) SR 2 B i Bl 8, £ X AR =R R R1R2\R3 Frilik S F XA E 20 o)
4 88.24% 90.23% \94.68% 5 i /1 S1, A S2 5347 i £k 3R B B3 SRR MO 7E 20 B% R2 SIRAHF M A B, 7E R3
WP HEL

(2) WY RILAGEMFD EINEAME UL, BFLANY TP e X 9% il SR il 20 2 TR i
LI R B X N TR AR . B3 Ua X MFD > =1.5, Y BIESBE S, P14 73. 68% BT
R UR3; FEUb X 1.2 <MFD <1.5, 388y BILBM 8, $0H 57. 58% B9 & URL; BB AL HIIRIE
T UR2 P B SSHABERBZ MILHB X R,

(3) WAEY X A2 35 M B T8 A e S AR AN I S o SB35 A A T Bl D Y TR R 9 9. 8%,
Xt A A A IR TR R E ARy 3. 1% s WA S A S AR AR E T A REFEEM X, A SHKER A
TRk

(4) BRERFH R A2 A A SRR SR BB BN Rt o PR S BE MID T BN R B O KA, 2 X ARG 6.
33% : PIREAL T PR PR B I A X B FL RS 2T AR T 100 B 5 PHOE BB 30T 5 WA 0 1) 2 P AR 2 L °HT P 2 B X -

BT, X X PR R > 50, R ERFHE T T A X1k 89. 32, B HMIEREY KEF SETH

Mo B Hefph” ML TR
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Fig. 3 Spatial relationships between MFD and UR
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