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Spatial structure of urban ecological land and its dynamic development of

ecosystem services: a case study in Changzhou City, China
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Abstract: Ecological land is one of the most important components of urban Social-Economic-Natural Complex Ecosystem,
it can provide various important ecosystem services for urban areas. Using Remote Sensing, Geography Information Science
technology and landscape index analysis software, focusing on the scientific problem of urban ecological land and ecosystem
services, on the basis of analyzing four-phase remote sensing images of Changzhou in 1991, 1996, 2001 and 2006, we got
the evolution of landscape spatial structure of Changzhou during the past 15 years and assessed changes of ecosystem
services generated by urban ecological land. The results show that the ecological land proportion of land-use decreased from
89.2% t065.1% . During 1991 to 2001, the areas of forests, fields and water had a decreasing tendency. During 2001 to
2006, the areas of forests turned back to that of 1996. Ecological land in Changzhou have provided ecosystem services
including agricultural and forestry production, climatic regulation, conservation of water resource, soil and water
conservation, biodiversity protection, etc. During 1991 to 2006, the value of ecosystem services provided by ecological land
has reduced 19.3% . The decrease of ecosystem services value provided by agricultural lands was the largest of all and it

decreased 32.3% . The results showed strong correlation between landscape spatial structure and ecosystem services of
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Changzhou city. This paper can provide scientific methods and decision making for strengthening of urban ecosystem

services, land use planning and management, urban sustainable development, etc.

Key Words: city; ecosystem services; ecological land; landscape pattern; Changzhou
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SIBYERA TR YE , B NS T Sl LUAE A7 I 380Kt 4t F AR A S IR 55 i it o A= 25 T M2
MR AAES RGN EZH R, BA 50 B WA Dihe . Wi AR SR ORI T s 28 PR &
Jre A BRI i BT s RO Z  SCHE D R R A R AR A A I 55 D RE A SR/ N ANEL S 3T B A 1Y
PG E | HIRTEIRAPSE A I M BTAE A SRS O T ELHRR T T 4 e K Y e s v AR i
T A 06 o A BRI Tk AR A ot 0 FH M SR H 2% B0, 45 28 b 22 ) P i A
B RS HOREE ER S ST AR S R GRS DR R Rk, A A % AR R A
AW T IR 1 AR A S T M, AL RE ST 1 b A= 25 MR 5515 B S8 PR B, in ELX T 4 M AR A R G P A
TS g A &+ B

“AA M — i R A SCHR I A0 T 2001 AR T AR A A RO, B A R A
] TR B 5 100 PG AL b XK B2 VR 5 A A PR BE PR ) 45 rhowl 2 25 FH b ARE A dF — 25 i DA B 3R
55+ B AT RS I 2 VIR DG, A 25 P b P B8 3 8 5 LS 2 AT TR T3z e 7 R T A 35 FH b i
FE X R FR S E MBI S A o3 28 b I AR R S AR Sy — IOk ST RN 1T 28 B 44 B m LA Wt 4 1
HEH A+ AP R IR R B3 1A 25 I A AR

B RGMTs RAR A RGN AR N AL i L™ I B AU R SRR shmi S A T 8 IE A
RPN RV IR AR SN S5 RE S 1997 4R , Costanza ZF1E( Nature) & 32 T “ ERA SRS M E A1 H SR

AR — 3, fifi A A5 R G IR S5 M (R 5% A [ B 9 TR P9 B0ES 1 G115 Daily 78 o 7 M 3 1E ( Nature' s
Service; Societal Dependence on Natural Ecosystem>> FINERESRERGAEREEAMESRERGEIRSGHITTEX,

I A BRGNS REAAN N 15 28177 20 tH40 80 4FAR LUK, A BH R MATF A RN A SR AR
ARG AS S5 i T KIS TAE, Costanza 25 N2 % ek AE 25 R GRS RN ERIBFSE b B SR
Ge i 55 T RER 3 R AR TT K3 A HIK Lk W BERR W AR S SCAB N B S 17 RO aE, ek AR 2
ARG RS M BT TIPS, IR T 45 1 R FH 28 R B A S IR 55 (i 2R 80, i s 4> 2 s A R
FEEXT Costanza I REGHEATEIE, M p ERE A S KRG R mAAESRS M ESEELE, HEFZF
H OB IR R A AR R AR S R G T T RS D REMN LA A, L 3R A28 - bR AR R SR B Y
X3k, [ 2R AZS R G052 B ZE0E Sh A el s f R s B, AR 2 R GE IR 55 DO RE B 5 it dee b (DRI T = b )
RS S RGN IRS DR Z A B VIR

AR SCR IR b B 5 B R GE R T 3k vl 2B 25 M 1 23 [B) 25 44 5 IR 55 D RE R Bl 2E 8, e b T
1991—2006 4[] & M T A= S A sh 284k, LR L S BN A S RGNS AE B i M i Ak e
Ak A& SR B B, 38 2k o 3 28 (R 2R AL AR AE AR 28 R GE IR 55 W 5 T 20 BT I 22 5 T, RT3 AR 28 R e R 55 ik
b IR S 4 b A R 545 B IR n] R & R SRR ik S Uk S %
1 HRREHARAZE
1.1 BRI

HONHBAL VIR B KT = AV, A7 THb 4 31°09'—32°04" A2 119°08'—120°12" , 15 P4 Hb 34 P4 13
W o, ARJU A, MR 2R g v v P 5L, Ll BT N T G A 2 XU Wi A DX, SR AR | 4F
SEXRIR 16, 3°C s W 3910, 4F F K B 1068, 9mm; H R FE AL, 4F H BB A ] 2035. 1h; TFRHIK, 4 T
237d; WAE FE XU AR X, B AT 253 B F N T B TR 4385km? , A T X TR 1871 km?, P EE
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ANI1357 J5 5 FiE4 s BEEMWAS B feit Brdb KT Bhik JREEE 5 MTBUX,
1.2 HdEkiE

WFFE DX L A M T X TR 1871 km®, & 5 M TR Y 5 ASTHEE X (R T X B IX i BEHE X BTt
X B A BT, PEEEAY 4 W] LandsatTM/ETM 38 BG4 70 9121991 47 A 23 H (1996 4E 8 A 3
H 2001 47 H 26 H 2006 49 H 18 H, B4 1:2000 # M i KATHEMES % . 2% IKIE 1984 4+ | H
Ay R FNA 25 AR DG/ AR 27 IR AT IX G 3 1 FH 2R Ry bt Bkl KR a4 2%, B
REHFI 2R 1,

F1 THMAHE

Table 1 Classification of land use
ii%ﬁiigi? AR Description
pedit| M (FEBEK T BRI ok Deh i St ) bl (SR Se el 25 el Ot el ) el ( R AR
Farmland RAFCHL A T 5H)
Mty Forest land MR WA M A A A BRI
/KA Water body TG VA KT K K ST S YA K T
U Built-up area S B B T st OB AT e RS S T P b RO b ) S FH b (Rt AN B AR R )

1.3 Wik
1.3.1 RS.GIS AR

£ ENVI4. 5 ZHE T ilad A T H AU RSB 0 5045 5 0T 0B 4 1 TM/ETM 5245, 555 Mt %
FHECR 385 B HLIRORE Jy 2 %0 43 2485 AT Kappa #5056, 25 5243 5112 0. 72 (1991 4F) ,0. 77 (1996 4 ) ,0. 75
(2001 4F) ,0.82(2006 4F ) , #4975 FEAR AL 0.7 B REMIER . 78 Arcgis9. 2 1 &) M1 KBS G4k H bk
by M A AR TR

, . A - A
T AR AN €=
SK IR AR A 2 A RE AN 1A -4
o i i

KA, A RS —Fh 1 R PSSR 2 BRI (km®) 50, o0, 535000 2 ASEHER ARG
1.3.2 BRGNS METEE 7k

AR SR Costanza 25> Fif i A8 VR 5 B AR AS IR 5 O (8 2R 880, 65 5 1 v b ) o 61 i b 2R 0 2 4 )
P B S 4Tk W T M T AR S R G AR A SRS E, EERSMERB=4LER5EW%S N
(B2 B x4 R A B =T M i7" L RS RGEIR S MERHE AR,

V=24 xR,
K, VAR XAESRGE LS ME(TTI0) 5 A, APFFEXES i B A IR AR (km® ) 5 R, HBFTEIXES i
ol = b 1] S 70 B A S IR 55 (B R B
2 BR55H
2.1 HEMTHTX 1991—2006 4F25 25 H 2s ] 45 #4251k,

N T AR A3 A UL 1, 1991 AF E i FH ML ZE TR 38 X R AT 4 A1 TR bt is il — A HEIT . AR
FIZe3k X, A RN, 1991—2006 45 #E35 H H DL Ao Cdk X g S04 1 DO TP 5K A 25 P M iz i ol
BG4 B e R R FH 2R R340 1991 4R H > /K > s B > A, A8 164 2006 4F (4% HE >
AR F S KRS R, A= A R AR BT o5 9 L e oK, kAR R 2z, Mkt e/ (JE1 2) o VBN TS 4 1+
WA SR (2 2) \T LR 1, A S P AR HLAE 1991—1996 4F [E] k2D 22. 3% , 4% H 7E 2001—2006
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SN 17. 6% , 7KARTE 1996—2001 4F [/ 10. 9% , 35 Pl 1A AU KU | 1991—1996 4F [l 48 K 3 2%
FERRIREN 11, 1% . 1991—2006 4F-[1] | A= 25 Fi i S AR /D 27% , #F 820 329% , MRk /> 23% , K (420
9% , GBI HIIG AR H] T 222% (#13),

1991
,-;‘\;" -

>» =z

BE0N

18600

1 EMNHE 1991—2006 £ + 5] BR5R
Fig.1 Land use of Changzhou from 1991 to 2006

2001 4 RAHT, 4 H b i OBV AR Y 53.3% LA b 2 N T DX 2 280 B b A FH 268 7E 1991—2006 4[]
gyl A 1 381k S5 AL M HEBE ML, 2006 4F UG, 4% RN A AR T X 00 S5 2+ e # i A
H R T AU RGA RN T 221.9% |, A FHE AL 1991 4E(1) 64. 9% WA E 43.9% . HLAE 1991 4F5 2006 4F#k
RS ARG (2% 3) , b R HE A% 32 B2k AR A B b 15 150 ) s 22 [, Bk b T BEUM 1214 ke U820 22 822
km? | U FH L TR 203 km® IS 2 654 km® BE N T Wi 2, 1 b £ 20k A T8k 0 FE 4k, 18 1 392
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km’ BEHLA 97. 2% FEAL R T BRI, 1991—2006 AE 18] F N 17 X HE | 7K 44 i) 1o AR AR Ak e AP Aa I 3l s i
INg MRHBAE 1991—2001 4F [a] 1 AL 20 T 31. Okm?, a2 3K 5| 23. 4% ,2001—2006 4[] AR b, 1 FR 18 A
11. Tkm®, /KRR 1991—1996 2001—2006 4FE[EIAE LA /N, 1996—2001 4F[E] /) 35. 6 km®,

F2 EIMTEX 19912006 F£& LinF AERBEREUEMEER
Table 2 Change rate and dynamic degree of areas of various types of land-use of Changzhou in 1991—2006

—+ Hb ) FH 2 T ARfE R Area change rate/% ZHASJE Dynamic degree
Land use type 1991—1996 1996—2001 2001—2006 1991—1996 1996—2001 2001—2006
FRHb Forest land -22.29 -12.07 12.18 -3.72 -2.01 2.03
A% H Farmland -9.21 -9.46 -17.64 -1.53 -1.58 -2.94
FKAK Water body 1.91 -10.86 0.73 0.32 -1.81 0.12
A% ML Built-up area 66. 62 45.03 33.19 11.1 7.5 5.53
100 -
—h—
-o—
80
1400 -
1200 @1991 = 1996 N
- 2006 g 60
1000 =
NE 8
< 800 g
B g 40
< 600 <
400 0L
200
0 0 I ! ! !
1991 1996 2001 2006
Forestland  Farmland Waterbody ~ Built-up area Year
B2 EHMTHEX 1991—2006 F &+ iF AR ERAE 3 EIMNTEX 19912006 F£AES AN SEE AL HITL
Fig. 2 Areas of different types of urban land-use in Changzhou Fig. 3 Proportion change of ecological land and built-up area in
City from 1991, 1996, 2001 to 2006 Changzhou City from 1991, 1996, 2001 to 2006

MASEE | H N X AE 1991—1996 iﬁlﬂ@uﬁﬁﬂﬁi‘k?ﬁ% A 25 b /D bR 1996—2001 4E TR Z
2001—2006 4F 15 FH b 386 Jin e B /0, A= 25 P vs /D 3 B AR 2% X T 15 A (8] BUR B S LRI AT RAEZS
R EIRRE S A K,

£3 FEHMHE 1991—2006 F 13t F) B8 50
Table 3 Land-use dynamic variation of Changzhou in 1991—2006

d-HF IS A 1991 4F S R b, e Kk AR T

Land use type Total area/km? Forest land Farmland Water body Built-up area Area reduced/km2
FhHEL Forest land 133 15 81 5 32 31

A& [l Farmland 1214 81 645 65 424 392

JKAK Water body 322 4 54 214 49 27
LU Built-up area 203 3 43 9 148

KN Area added/km? 451

2006 4F- £ Total area/km’ 1872 102 822 294 654

2.2 HIMTIX 1991—2006 4F4: 25 2R 5E IR 45 A
2.2.1 EBRGEMRS AT
(1)K H
HOMTTIX 1991 4R E =5 77.55 71,2001 454 57.32 J7 ,2006 4 M [% 2 40.33 J7 t, M M T X
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PREE N DR 1991 400 82.8 J7 A ,2001 424 147. 81 J7 A ,2006 4F3ik %) T 199.28 Ji A, A& b K
55N VRO AY 2R TR A B G b AL 1 ARG U /0 RN A FE ol 235 40 A A0 | 5 508 v R £ 7 A )
W, AR AR AL A= WA = T e AR /0N W55 T 4 I A S IR 55 T

(2) Fkhb

I 2007 4EGEH4F %5, 2005 4 M Bel bR 4 3t T AR EE 2001 4EBE KT 266% |, T 2005—2006 4 &), s 0 T
36. 9% , 1 WL T & J Xof el Ak b (945 o 437 B R M T DX AR bR T R 2 A0 A T DR DX P G 4y
PR sk DX (R 2R P A, R T 8 DX g 3 i A — e BE S, A2 IR T AR S e R B, R X AR R A L e
KRR H LAk, B DA i i AR H s X 22 | Shisi K i e AR RGE S T AR IOV T, AR BEHIE AR
T2 Ak, X S R X R IR AR ELEEOC R, MR 1 55 ek ) AR SR, 0T AT g E0bk
AL W) 2 BEPE e N A AR B DL

(3) K4k

P T S PR PR K 2R S R T AR S, kT O, S L T RV B R TR R
WA, 23T e B TR T, R A R/ INAT R A TR AT 21 a0 g, BN T T Bl O Bl BHBE TS
K Z2 2Z 180 (0 3738 , (K R 2 IR, e e sk AR 1R I A S TIRE, S T K FR 22 8 IE B KRR 3R 4306
I AT AR RIS Y 4 B R N BE 77, [R) 42 H R BUK RS 10 Ak, BRAR T KA 4 A 25 IR 55 T RERICR
K P FRAE LU A5 A5 K T T8 08 T R T A T O S, W T S 0 R/ N S B DX, K AR 1 52 P 27 B
IR, TR B PR SR AR AR O Ak 5 RS K AR 3 78 3R Ak, B B B RE ) BB, KA 0 A= 25 R 55 T R 32 IR R AR 1)
155
2.2.2 BRGNS AR 2B A

MR N T 4 191 R AR A, 45 6 AN R R B 0 A= S IR S I R B (3R 4) AR M T IX
R A AT R AE S R GRS S UM A (R 5) . S5 FR M ,2006 45 /KR 1w AL > 5 M
HX 15.7% et E B R GRS AT EEN 5T IX AR RS NRS BMERA 48.3% , I, KA EEE
PELR N T IXAE S R GEAR S I Y 3222 - b ) PSSR T B AR R i R AL 7 A A IR 55 1B L 2 0K A
B, M HE A SR EATRE I EAr HMN TR X A S R GRS N EAE 1991—2006 4FYREFE R M AES R
ge b R R IR S U B TR 2 TR R AVERT . Bt Xk AR R R GRS I (EE 15 AR RIRIZL8 /0 | 1
BT AR 5 T RKE AR, 1991—2006 4, A= A5 T IRt AR S R GRS LM ERFIK T 19.3% . #K
i 4% FH ORI KA A 25 IR 5 A0 (R AT 1) L A543 1) 2 23. 4% ,32.3% 1 8. 5% , Firh A BN AE 25 R 58 R 450 1 3
R UBZD T 23978 Ji 6, 1991—2001 4F, AE 245 FH Hi T 42 116 A1 A8 285 22 G0 IR 55 1 (4 2 PR AR A 44, 2001 —
2006 4 PRHiR 55 B EA T8 i, S m Ak B 12. 2% o 3B PR M o S e R e B i g b R K A
FIFERT, X CTEAT T A AR 3 15 4 A i FH B 9 A6 28 R G0 R 55 0 [ S B R TR, 1 R 5 1
TR R —30, IR B T 221. 9% ,2006 A 3 FH LAY U E A Y ARG BN EER 12% ., FILA
B RGN A BERE |, U A 3 i AR S R G 2 4y, R 2 B 35 S 8RS R GRS
(ELRRARR A = Hi R 2SR | 5 s ol el 15 P 3 % S | 5 BERATG SR T JR 2 25 B ) [ B

F4 TRXBESRERSNERY

Table 4 Value coefficients of ecosystem service for different ecosystems

b HIZE R R R H IXEN I

Land use type Forest land Farmland Water body Built-up area
A M Rk

AN NERY 134106. 8 6114.1 48082.7 -5372.1

Value coefficients/ ( 7G/hm?)

Mty AR AU AL REMS M ERESH PRSP ERRS IR S 1 BERED
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F5 EMHTX 19912006 ERE T HF ARBESRERS N E
Table 5 The value of ecosystem services of different land-use types of Changzhou from 1991 to 2006

- b ) 2K A RGMSS B ZFFH A Economic value/Ji It

Land use type 1991 4f 1996 4F 2001 4F 2006 4
M Forest land 178182 138457 121739 136564
4 H Farmland 74243 67408 61031 50265
7KK Water body 154653 157602 140485 141512
UM Built-up area -10909 -18177 -26362 -35113

3 FitHitie

HM I 2 (RIS 22 3 T 3 BB <20 142 90 ARAUZ A, “ B — & Sl , — DU 517 90 ARAR, < S5k
T LA 21 I, < R AL DT AR A R R SR AR R N T ST D RE AR (AT M
SEAG P BE T 25 (AR HEAT T AN R RE RE A FE A, (E T ML ) R — B T 225 B A Sy i AR B Mt 45 4+
SEVEHRIE 20 T AR PRI S5 AR SO AR 25 R G028 AR RE P D5 A T 1991—
2006 4F- 4 AT DR AR A MBS S5 R AR w0 N T DX IE R A T Sy 32 B S5O SRy e 2 O L st
B 325 BT S SR, 18 199120006 4F Az 25 402 1) 25 1 AT AR e A IR 202 A6 A 285 F L o s DX T
PRI LE B 89. 2% FEIRZ 65. 1% . Forp AR A A MR 55 I E IR D B ok 98D 1 32.3% o ARSI BT S LAY
S RGNS B EREAR T 19. 3% | M3l T 25 1] S UL SR 2 55 A 25 R GE e 55 A Ak Z Al 2 S DA Ok

RSO T RN TITIX 4 SR8 S | A 00 5 K (TR 2, B A J5E 1 15 A4 [ M T £ iR P A 4
XPARAGNG O o [F) s M2 TR S AA A 25 AR SR 55 A AR BE , TR0 17 Sl i A 285 T Ml (90350728 e A 285 T Ml Y 254
5 ARG 55 e ) LR Rk

(1) 38 BE A B MER P S SRR 19 73 DR — R R R b A P 23 S A (R, AR S PP 3 i A4S
R T) B4 A5 25 T 2R TR O RE S 1, DR 2% A 285 T el 26 TR T AR 4 XL A9 DR 25 X A5 182 M AN

) EBHHI I T ARSI 73 I8 RIE e B RIA R | 238 AT AE Z PR Y 0 07k
ARSCHI A B A A5 T B T HAR BER A= A R G55, FAACR AR B i e e Tl LAST 0ty A KA el
2Rl LA A A5 At A HIAE o o8 T AR A T ) 30 SR A 48— 1Y, B R AR i v ) 2R 25 e,
FESR T R R AR R T AR RS R G BRI 32 NI Bl M A B AN [ 3ok vl o AR S i 2 25 4
P A A R G 5B AT 22001, A ST A& T AR PR R A= 25 R GE R BEATIIT ST, LA AT I & 46 B2 45 05 ThI
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