v/ ‘l A1
" 7/ 4
|’ y
| ({ " / o
' 1/
174 ™ v A
4 4
p /
{ ¥

ISSN 1000-0933
CN 11-2031/Q

cta Ecologlca Slnlca

;I 4 A ;’a fj', }‘:.‘,‘__: o
/ ” /{’yﬁ/"

/f.;/
iz v ‘g;ﬁ -ud- HI’

/..I;'- f"
el

| I' A ;g’ ,:
e £ : . //»’;57
% WIZE

"’*J'/ >
W%ﬂq U

1] M
_ A
/7




L J: A 7 R

«®°>
' 1) (SHENGTAI XUEBAO)
ML S AT F£335E8H  2013F4AH (FATFI)
B X

BHESREARER
WA EERGRE IRFGH RN ——" BT EE R ERFT oo ERA (2321)
PR A ST IE RIS GBI FadB N FG AT v eveeerreenenenieniiiiae, IR R EE A % (2322)
B R AL Vo) E e R R i RSO W, E & T, % (2330)
W AN TAKT A S R RIRS 00 VATEAL T A ] wevenneeennnnnnnn B E B T (2343)
AT FTHEEBERENRTAESRALBBESN oo ECL,HTHF, X B (2350)
JRAL M ARSI E 75 4 TR LR o evvvvreennese i oo Ewan E,%F (2358)
T FIR R B I AR 75 e P e eee et HEH EFE BMHEEE, % (2365)
LA B ST IR T R R IR GG AL coeeenernerne e VR E INRAF BRAI TR (2372)
IR EAE A T A AE e = OB, EFAR MEEER, % (2381)
MEEERMETS
ST R R B K ) BAA LK R R AL G G e % B ARG, HAmEE & (2388)
FIER M R BB EIE T TFAREBL e %A, EEW R TT (2400)
TR F I LA ET R T FEAE oo & # RBEEK, I XA, % (2410)
G I L N A I UL E K E (2416)
T L Aotk 6 EAE ST A R AR Fa M A 2 G I m e eveerrnenreeeereie e, T AR,EHE CERE, % (2425)
R RVARA T B 8 BLAR ST A R ARG A AR B T 0 5o eeveemeemmemenneninies AR 3 AR, T (2434)
DR L S TR X i 7 855 B R R CE R ARG B e ST, EIRA, T A (2444)
B BEEMAESRS
Bl B BB A RS R Ar SR AE R vveeerreeeeiee e 2 W, KA H, & (2452)
ERELGK 1 Bk B L5 W B AL TR AR v eeeerrrnneeerrrineeeiiiiieeeeans WO IR AR, % (2463)
AR BN LRI G R BRAn GO HrR ovveeneennnnnnnns T ORLBOOR, EEH, % (2474)
DI - YN Rl 7 0 Bl I G B D ay = A e P IR L) b7 F

....................................................................................... Tﬁfﬁﬂﬂ, REL E ﬁ,gg (2484)
ANRAEDFRH AR B AR TR R S F R EL cooeereerenennnn ITHM, EHMET, FER,F (2496)
DN LG g M R A AR AR FE BB AT e eeneeem e X B A LE (2505)
FA N FEE T RBA AR —— AT T Z WA oo % FH,BEW,E & (2514)
% LR RAMGB M A2 KM B A S IRILARN AL oo KOE,FDX, BIRK,F (2522)
B AN TR K B 30 R B R BB P R XSRS S AR WARE R A & #,5% (2531)

SRR Bk A
WA TFRRAAREREH A REALE AT FHOLER o ® ALK, EAE (2545)



BT SRR BB A S LA B TR - veervvermveerneennneaneenneesnneenns Rkt E OH x| % (2556)

WAL S A GBS AL 22 B E B I3 WA JA AL JE B P01 JT weeveeveerrnmnenneneneesneessennsnnnnnnnnnes
....................................................................................... WA X2 E | MAE % (2565)

BREGFELES

BULBART R P AMREEREERBBRICEL RN —— R THILF LB RE ceeennrs
....................................................................................... K OBHRULAE REEX,E (2577)

AT GIS 9 HURE L3R F I T AT oo eeeeeeemmmmmneeeeeeeiiinn, X ER, % AR, e % (2586)

AR R B K T ARG R I T T Fh 5 veeeemmeeeeennee e e e FRE T (2596)

WY EHSES

JON T E RATER A R R B E G REES e x| B AR E RS (2604)

R E R

P s ok - A A R 2 1 B B R0 ) A T TSP x| ER, W ok, 5k JE (2615)

BRI E ARG F B L TF ARG e o # B E W (2623)

ZREEEHE

AR FE NIRRT T of FN AR F R AR IF e, K5, X O (2632)

HAFIEARSH.CN 11-2031/Q * 1981 # m * 16 % 316 # zh * P = ¥90. 00 # 1510 = 34 *2013-04

ECEEEEEEEEEEECEEEE

HEEB: BAKTL R ——H KR 2 AR S KRARHEY) , AR TR P39k 20 1. 5m, R 1Tk 3. 5m, Z2FF B
FEAIE Tem Vb, JEU™ T ORVGAENT R, 2 — R N e () AR R AL WA . R T 1979 4EFF IR TIA L IR
HFEEIR TR (LR R AN R A R AR B RO Y, 7 — B X L E 4 5 2RI,
TERLT ARFNEE, 7 HEST T A R PRI A A K, O FLE AR 500 K 11 30 5 T8 A1 1 o, 36 52 V0 b, - 35 ) b RS G
B2 A T H i, © 8 AR R A R AR AR

FEREGRRE: FREfaue ok K% E-mail: cites. chenjw@ 163. com



5533 B 8 W S = & il Vol. 33, No. 8
2013 44 H ACTA ECOLOGICA SINICA Apr. ,2013

DOI: 10. 5846/stxb201201100048
BN XULT AR AR , e, ST PRIk A A5 R G 55 I (LIRS 28 73 S 1 B S - M) R B2 R . A2 252741 ,2013,33 (8) :2565-2576.

Hu H B,Liu H Y, Hao J F, An J. Spatio-temporal variation in the value of ecosystem services and its response to land use intensity in an urbanized

watershed. Acta Ecologica Sinica,2013,33(8) :2565-2576.

WHHRBESREERSNMERZ 5 FHEHE
L3 & i F F 32 B B fin Az

WA R 2o R ARG % B

(1. BERUURIE KA IR, E 4 BE Mt 2100465 2. WM 2B WIRFRES S5k R, WM 247000)

WE LIsg 5T L Wi s WFIE I, L 2003 5 2009 4F 2 5 QuickBird SRRy 2L A B, B T1 25 (8] [ AH DGR R 454
GIS ZS [l 3T HOAR | 5 S BRI T 30T I A 25 R GE IR 55 I 25 43 S AR A, A R A il ) PR 8 o A 25 IR 55 (25 ) 43 5 1) 5
Wi, 455 :2003—2009 4F, LS WA A R GRS SANMEWD T 2.59% , AR A R G IR S5 1 09 28 () IR AR PEHY 0
A AR S5 1 0 v - e DXl = A v A e PR Xk T A R S T R R AR R 2R IR —A1 ;L S MR S R SRS
B fEzs (8] 43 52 & A T IR AL, T R ALAR A3 — i IR AR 43 A DR 3K 1 -2 4 A XANAE L % 0 ISk BT e ) 0 i DX s
TSI 5 TR A MR 55 M (28 ] A DG R0 R BH S 9 RUBEAION , W5 AP 5 RUBE RS R, A 2 IR 55 I (P 23 ) ) A DG M i 1 0
JUZ IS A S R S5  (EL A 23 8] 4 5 S AR A 3 B2 thy = b I e R S A 9 3ok b A1) 7 B o 2 25 M 55 (7776 B . Y £
KR ABRGEMWSSNE ;B2 5055 25 0] @ AHE ; bR L

Spatio-temporal variation in the value of ecosystem services and its response to

land use intensity in an urbanized watershed
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1 College of Geographical Science, Nanjing Normal University, Nanjing 210046, China

2 Department of Resources Environmental and Tourism, Chizhou College, Chizhou 247000, China

Abstract ; Ecosystem services have been described as the direct and indirect benefits people obtain from ecological systems.
Maintenance and conservation of functioning ecosystem services is the basis for achieving sustainable development. This
anthropocentric view has led to increased efforts to identify, quantify, and place a monetary value on ecosystem services. In
recent years, with the gradual deepening of this field of study as well as the development of 3S technology, more research
has begun to focus on spatial ecosystem patterns and factors influencing the value of ecosystem services while achieving a
series of impressive results. However, most previous studies lack quantitative analysis which includes the study of how
accumulation rules, association patterns of the value of ecosystem services vary spatially, and few studies focus on the how
the intensity of land use effects the value of ecological services. Studying the spatial variation of the value of ecosystem
services and factors affecting the value helps us to gain an in-depth understanding of the characteristics of regional
ecosystems and reveal the mechanisms driving changes in the value of the ecosystem services they provide.

Exploring the spatio-temporal variations in the value of ecosystem services is critical to a thorough understanding of
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typical urbanized watersheds. The Jiuxiang River watershed in the city of Nanjing is used here as a case study to estimate
the spatial distribution and dynamics of ecosystem services, based on QuickBird imagery collected in 2003 and 2009, a
spatial autocorrelation model and geographic information system technology. A study of the impacts of how urbanization
changes land use patterns and the effect on the value of ecosystem services was conducted. Results show a decline in the
value of ecosystem services from 0. 230 to 0. 224 billion yuan from 2003 to 2009, respectively, in the study watershed,
which indicated the value of the watershed’s ecosystem services decreased 2. 59% because of land use change caused by
urbanization. Also, a trend toward spatial clustering of ecosystem service values was enhanced; the areas of high value
ecosystem service were mainly concentrated in the upstream portions of the watershed and the low value areas were mainly
concentrated in Xianlin University City in the downstream areas ; the change of spatial distribution of ecosystem service value
was significant in the Jiuxiang River watershed. The low value area has experienced rapid expansion around Xianlin
University City in the downstream portion of the watershed, and the high value area increased only in local areas of the
Jiuxiang River headwaters and upstream areas. The spatial autocorrelation of watershed ecosystem service value showed
significant scale effects; the value of ecosystem services gradually increased as the scale increased. The spatial distribution
and the corresponding change in the value of ecosystem services were mainly caused by land development and use patterns ;
the higher levels of land use in the watershed had a significantly negative effect on value of ecological services, which shows
the ecological service value decreased as the intensity of land use increased. Therefore, we should consider appropriate land
use options to adapt future land use patterns in light of impacts to ecological services, based on past and present land use
changes. Most importantly, land use planners should strive to protect water bodies, wetlands, vegetation, and
environmentally sensitive areas. Also, the density of construction land should be restrained, and appropriate engineering
and mitigation measures should be initiated to repair degraded areas, including urban afforestation, pollution control, and

SO on.

Key Words: ecosystem services value; land use; spatio-temporal heterogeneity ; spatial autocorrelation analysis
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Fig.1 The location of Jiuxiang River watershed
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Table 1 Determination of land use degree (P;) for different land use classes

Bty A K38 O I PSS AFI It
Cropland Woodland Water body Grassland Construction land  Urban green space Unused land
0.545 0.114 0.120 0.215 0.936 0.267 0.063

2.2.3 A AR T
23 8] [ AH G 23 Hr 2 FH 3748 1 2 ) 28 0 ) A e 75 BT AR R, 2208 o 25 (] A AH DG HR IOk BE &, n] 438
4 Jry 23 1) AH DG 3 B R0 Ry 3 2 6] AR DG A0 ATT . FoR 23 (8] F A DG AR AR A AR 2 Forb i FH Y J2 Moran's
B
(l)éﬁ S[a] | AH G
235 [ [ HH 5 T 2 IR I 25 1 A PR DX 3 P 2 TR S 1y SR A 34> AR 98K T 42 JR) Moran
s I?ER&,I‘I‘%:/\JQ%?:
nz Z w;(x;, — %) (x; = x)
Moran's [ = —=1/7 (3)
(5 TS 0
St AL TR v, v, 5 HAS I x 1655 ¢ 0 A2 BRI & o x K990, 7
P FE R, x, %ﬂx FHARES R 1, ANAHZB A 0, Moran's I F8EHELE-1 11 Z 8], /NF0 H‘f?‘%ﬂ‘ﬁ'*ﬁ?@,%ﬂ:o
FORAMI, KT 0 FORIEMC, HAEMAK , R WA 7523 (8] 4340 b 0 SCHPE B | SR AP
(2) JryRas a] B AH G
AR A SR A3 (] AR DG A3 BT AT DA 78 DX s (] 550 ) S AR O RR B2 | (H AN B s e Jmy 38 IX S BT 7y 223 ] 1 A
St ARSCR FJRHR Moran's 1, 8 8(LISA) M EE 0T i A1 j Z ()48 [ B R A S oo bk TR AR
Moran’s I, = (x, = %) Zwij(xi -x) (4)

myg

http ; //www. ecologica. cn



8 1] BRSSO AR AE S R U IR 55 I (B 25 4 S AR B R - ) TR 8 £ e i 2569

S my = 3 (3, = 00/ 5 2,3y oy WK x 07 SR, Moran'l, BT O, #6772 o 665 -5 L A
(B 25 (] SR 4R Moran' I, [{E/NT 0, 27528 [H] BTG iy - IR SR - = (B 19 25 [B) SR A o X Moran” 1, 19 4 25 MEAG: 36 7]
AR (S) 7.

I. - E(L) (5)
J/VAR(I,)

Kb,z (1) Fonas8 B B E K- E(1) R Moran'l, BEUCFIHEE VAR (1,) FomTiZ.

3 ZERAW

3.1 ARG ST O e 2 A B AR R
MR 2 W LA H,2003—2009 4F L £ s f 25 2R G S5 S O EL L A% B9 B (R A Bl /b, B B i)

RBEAK, R RS R G SS M E TR T 2. 59% o 78 5 R BCEE 2003 AFA7 BT, 1d W1 Bl 3 4l A 25 R 48
FESRTT A AR R TR BE N, WIS 2 R G R S5 I (1 S AR i R i 1 o

Z(Ii) =

®2 AAREBESRERSMERMR LT

Table 2 Descriptive statistics of ecosystem services value in Jiuxiang River watershed
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Year /A Minimum Maximum Mean Standard Deviation CV/% Total
2003 10202 0.932 6.339 2.258 1.536 68.025 23036.116
2009 10202 0.845 6.339 2.200 1.701 77.318 22440.319
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Fig.2 The trend surface of ecosystem services value in Jiuxiang River watershed
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