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The responses of ecosystem services to land-use change in Dianshan Lake area

from 1984 to 2014

DING Lilian, WANG Qi, CHEN Xin, TANG Jianjun "
Institute of Ecology, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract; Water resources are an important guarantee for the development of regions and cities. Understanding the changes
in ecosystem services and their driving forces, therefore, is of great significance in the management of water resources across
regions. By utilizing remote sensing images of Dianshan Lake area in 1984, 1993, 2006 and 2014, land-use change and
ecosystem service value (ESV) were analyzed by revising the ESV coefficient of different types of land use. The results
showed that the areas of woodland and construction land tended to increase, while those of arable land and water bodies
tended to decrease between 1984 and 2014. Results from the ESV analysis showed that the ESV of water bodies and arable
land decreased by 215 and 241 million yuan, respectively, while the ESV of woodland increased by 250 million yuan. The
ESV sensitivity index of each land-use type was less than 1, indicating that the ESV of the study area was inelastic. On the
township scale, the ESV analysis showed a net increase only in Zhujiajiao and Jinxi Towns. At the provincial and municipal
scales, the total ESV perunitarea of Jiangsu Province decreased, while the total ESV per unit area of Shanghai increased.
The driving force analysis showed that both natural and socio-economic factors had an impact on the ESV. Moreover, there

was a significant correlation between population density and ESV and between total regional economic output and ESV. Our
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results suggest that changes in land use have an important impact on the ESV. An optimal land-use pattern would help to

increase the total ESV across regions.

Key Words: land-use change; ecosystem service value; spatial-temporal variations; driving force; Dianshan Lake area

M R GRS A8 A 25 R G0 B LYy R4 iR LA R4l b A A A AR TR A A R M A
L A/ M8 (Land Use/Land Cover, LULC) IS BEARfb X A2 35 R G AR 55 DIRE B Wi 5 o3 i B A 28
PR i LULC WA 475 4k n] e S B0CY sy Fh 4, 1 SRS R AE 28 R G D ge kb | DT 5% i 26 28 R
GilR g5 i 42 HE00 B i AEY KSR B RO L TARE S R ST AR ( Millennium Ecosystem
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55 M EAE AR 52 B T2 Estoque 4517 227452 4 B 508 1 (H R 400 LULC 1 AU/ A1 2 5 350
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ESV =Y AAVC, (4)
ESV, = Y A,AVC, (5)

K ESV AR RG MRS ML A, IWFoE X2 k25 1RSSR A AL (hm?) ; VE, M AES RENE R
B(IC hm™ a™") sESV, R f RS RGNS DR ; VC, 2 H R ISR & 195 £ 30 IR 45 D e M (6 R 4K
(JLhm™2a™),

ARSI GE T 1984—2014 4E3E LB HL XK AT /N2 BRI GMA% (2000 A5 AR AE M) B 46 I
FRAEHUE (3= 1) A3 2008 LT X — AN AR S R GRS B Y 1 720 1635.28 J0/hm’, f A 84 8 R G0 IR
FMERE(E£2),

F1 EL#HIX 1984 4F 1993 £ 2006 F 70 2014 FEEREY BT PN EIBHER
Table 1 Grain yield, price and sowing areas of major crops in Dianshan Lake area in 1984, 1993, 2006 and 2014

iy e a% FERh A
AEAy Grain yield/ (t/hm?) Price/ (70/1) Sowing area/hm?
Year KTE N ESS RE KA INEE S S KR KA N S RE
Rice Wheat Maize Soybean Rice Wheat Maize Soybean Rice Wheat Maize Soybean

1984 7.04 3.42 2.00 2.22 354.2 435.2 313.7 678.1  22165.7 8493.9 3.0 16.7
1993 7.14 4.04 4.37 2.06 627.5 667.9 465.5 1052.5 17501.0  7409.5 54.1 96.7
2006 8.06 4.58 5.33 2.15 2161.7 1433.5 1289.2  2625.4 9203.7 2749.4 32.1 158.1
2014 8.73 5.42 6.75 2.21 3795.5 2421 22454 47584 74977  5149.4 16.6 93.3

F2 MR LA ARENESRERENERY

Table 2 Ecosystems service value coefficients of land-use categories in Dianshan Lake area

B RL RS it Hiifh Hiith pINN A i
Ecosystem service Woodland Grassland Cropland Water body Unused land
P25 IR 55 B A" Food production 539.649 703.179 1635.3 866.709 32.706
Provisioning service JEATEHE = Raw material 4873.194 588.708 637.767  572.355 65.412
PR SF SAKIHTT Gas regulation 7064.496 2452.95 1177.416  834.003 98.118
Regulating service SRV Climate regulation 6655.671 2551.068 1586.241  3368.718 212.589
JKSCIHTT Water regulation 6688.377 2485.656 1259.181  30694.581 114.471
JEYIALFE Waste treatment 2812.716 2158.596 2273.067 24284.205 425.178
X SF F35F 112 Soil formation and protection 6573.906 3663.072 2403.891 670.473 278.001
Supporting service HeFp Y 2 FEE Biodiversity conservation 7375.203 3058.011 1668.006  5609.079 654.12
AR FRAEIEZE R Providing aesthetics sight 3401.424 1422.711 278.001  7260.732 392.472

Cultural service

A1t Total/ (JG/hm?) 45984.636 19083.951 12918.870  74160.855 2273.067

223 WUEAES T
BB FE KX ( Coefficient of Sensitivity, CS) " S i A 7] - i) FH A2 25 28 45 Ik 45 401 {18 1 25 P 1] 25 4k
X E R B , AnsR €S> 1, W HLfl ESV X728 5 2 %L ( Valuation Coefficient, VC) B A2 R G855
HARBEATE, VC B3 1%2351H CS KT 1% 07283, WIH R B2 22 AT A5 B anf CS< 1, W] ESV
Xf VC Sk Z FRPERY AR T ER . BUSEIR RO AT .
(ESV, - ESV,) /ESV,
T e, - vey) /ve,

X ESV VC & (955 SCIRIRT 0 A j ARSI IR (B AN A 25 00 (0 2 B0 B LUR B (L

CcS

(6)
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3 GRSW
3.1 ELHI X A R AR A

ARV L 990 3t DX -t R PR TR A T (BT 1) RS IR L BT o T AR R A, Sy 2 b i ) T R, L2 K
PRI ST M , AR e AR BT o LU/, ARG 1984—2014 AF 3 1) 3l DX 4 3 01 P22 800 31
SR BN+ R PSR TR (18] 2) A A sh A B (R 3) .
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Fig.1 Land-use types of Dianshan Lake area in 1984, 1993, 2006 and 2014
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1993 4F) N T 6.97% , J& 1 (1993—2006 ,2006—2014
AE) SR T 13.34% K 14.51%, B TAE SRR
(A8 A RV E R AR (4 4 Bt 30 4 1) P b | 5
BeRg ., Mk Hb IR B 1993 AF I IR 5 B 0 Y
1993—2006 4[] , 5. — 4 b 1 FH 2 25 B 35 5] 38.93% .,
O TR LR B4R L A 4 ST 40R 0.26% 0.
59% ,0.86%F1 1.89% , FifizE it ALt AR bR, £ 50 H
PS5, o5 A 8.99% 3 i £ 26.85% , 1984—1993
AELES TR B ZSEE N 2.31% , 3 L) b X P 123 ]
REARAE AL AR K5 1993—2006 4F Hl 2006—2014 4F, L5 4
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Fig. 2 Land-use component in Dianshan Lake area during
1984—2014
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3 1984—2014 F8)E L MM X T30 F AFHEE/ %
Table 3 Land-use dynamics in Dianshan Lake area during 1984—2014

I} e [X. i) B — A B FH Z S Single land use dynamics A 4 R FHEh S
Duration Bt Aty i) RA AT PINZS HUTI Comprehensive land use dynamics
1984—1993 1.41 -6.39 14.64 -7.82 -2.37 2.83 2.31
1993—2006 -1.61 38.93 3.52 0.71 -1.49 8.06 48.12
2006—2014 -3.60 3.88 14.92 6.70 5.00 1.98 28.87

3.2 L XA SRS E 0B
3.2.1 % ORI SRS R GRS I EAS A B AR RRE

FH % 4 AT, JE L M X ESV 78 30 4F ]k 2> 1.81 1270, 1984 4F 1993 4 2006 4 1 2014 4435 A
26.76/2.7t,22.94 10,55 ,20.79 AZTTHN 24.95 1270, I JG BN e, A HLZE ESV 5 HORE KR
ESV I i Fe il d s, ok i, 1984 4F #i ESV Jy 6.58 12T, i B E Y 24.58% 5 1993—2006 4E#F Ll
KA ESV i, 5 R o AR e ESV 360, U HOR A, 328 B2 58 38.90% ;2006—2014 AF Ml | b
ESV #t 5400, kAR ESV R V B K [HAR L T 1984 4E 4 8 R G R 55 018, 13080 /0 11.30% 5 A ) FT b
ESV 7E 1984—2014 4/ 0.04 1270, h 5% H-0.11%,

SYRTEIL, VE LS HL X ESV 434 9t/ e B PIAS By Bt . < Ul 5 B TR ESV A8 g 1) 7K 4R R R ik
A, i R SR A 3R T kO AT (1984—2006 A ) K Ak [ SR AL RS K 1A ESV
6.974C 70 ; “ B J2: FH T I 3 (2006—2014 4F ) B3 RN AE 25 TR A S , 3 L i i X A4 25 R G T RE T 4R 14 i Ik
52, H TR S K R SAGE ARV K SCIR R 4 Ak B A R Y IR 45 b 4% T AR D, AR AT K R 1T
B KABI ESV #4038, FR5 b, Ay RO VT U7 7K R LR B 2% 051 S i 41 D0 ) 7 46 B B 1) S, i L AR
VT ARV R AR T R KR FR AR, AR ESV 78 1993—2006 4F [] 4 iR 11U, R ke, e 390 18]
i AR A K AR AR A B, B9 X R, ESV {7 2 3T Rk

x4 1984—2014 FF LR EHEESRERENETK
Table 4 Changes of ESV in Dianshan Lake area during 1984—2014
ARG
4R 2R Eci/s‘:ei i}iiiﬁ\l\”fﬁe, Hﬁfﬂ if]{?fg
Land use types ESV/(x1055) Proportion/ % Dynamic degree/%
1984 1993 2006 2014 1984 1993 2006 2014 1984—1993 1993—2006 2006—2014  1984—2014
Mt Woodland 1.05 0.45 2.71 3.55 3.93 1.95 13.03  14.22 -6.39 38.90 3.89 8.32
FLH Grassland 0.04 0.102  0.15 0.33 0.16 0.44 0.71 1.31 14.69 3.51 14.91 0.94
#HiL Arable land 6.58 7.41 5.86 417 2458 3231 28.17  16.71 1.41 -1.61 -3.60 -8.03
JKA& Water body 19.02 1496 12.05 16.87 71.08 6521 57.98  67.63 -2.38 -1.49 5.00 -7.17
AA M Unused land 007 002 002 003 025 009 010 0.3 -1.82 0.72 6.69 -0.11
A5 b Construction land 0 0 0 0 0 0 0 0 0 0 0 0
ST Total 26776 22.94  20.79  24.95 100 100 100 100 -1.59 -0.72 2.50 -6.05

322 ABRGHIURS M EAZRAE

M 220 (5) THAAR I & IR S R GRS (L (3R 5) o T LI o st DX SR I (9 Kk S 19 Al 55 D g die K, Lk
AL BRIIGE KRS B EAR HE TR . 1984—2014 AF 0], BR A4 REA 7= R0 5 (19 A2 A8 R Ge e g5 [
S, B RYARER R SCIATY PR g SR SE S UL ZE 55 AR W) 22 BV ) A A R GRS (B ik
A AT I A S R G S5 I (H AR AR, B AW M G B0k, HAR AR B A = D RE W R AT
1984—2014 4RI A5 R GRS EIR A T 2.41 250 Mt AR DO N, 3 BOTAR BER IR LA ) A U
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AT AR S M (EAE 1984—2014 4E[a] 43 BB 22.03% F1 18.37% , A28 R GRS BN T 2.50 127C.,

£S5 1984—2014 FiE LR £ S RGEREMEARMETN
Table 5 Changes of components of ESV in Dianshan Lake area during 1984—2014

HEERGSS M E EA]| M 1E7E {2
HERRGMRS ESV/(x1087%) Proportion/ % Change rate/%
Ecosystems service 1984 1993 2006 2014 1984 1993 2006 2014 1984—2014
A7 Food production 1.07 1.12 092 078 400  4.89 4.42 3.12 -27.10
JEMA BHA = Raw material 0.59 0.53 0.67 0.72 2.19 2.32 3.24 2.90 22.03
AR Gas regulation 0.98 0.93 1.11 1.16 3.67 4.04 5.32 4.64 18.37
S AEIFT Climate regulation 1.84 1.67 1.68 1.84 6.86 7.28 8.08 7.37 0.14
FK3CIHTT Water regulation 8.68 6.99 5.97 7.96 3242  30.48 28.74  31.87 -8.29
JEYI AL Waste treatment 7.47 6.24 5.16 6.52 2791 2722 2484 26.13 -12.72
1445 £ Soil formation and protection 1.56 1.60 1.62 1.50 5.84 6.98 7.78 6.02 -3.85
HeF5 A= W) Z P Biodiversity conservation 2.48 2.18 2.13 2.45 9.28 9.51  10.26 9.80 -1.21
FRHESE2E T Providing aesthetics sight 2.10 1.67 1.52 2.03 7.83 7.27 7.32 8.15 -3.33

3.2.3 ERRGMWSMERZS A

1984—2014 AF[] , & L 8 Hb X 25 AR S R G MR 55 (24 SR B S/ N e s i ka3 (181 3) o i ALl
DX HLF S D 4 4 U I BRURI R R A BRUAE AR R GE R S5 (.00 3 3 T LAt b DX E i A0 A 5% XA ESV 3
T ek, H ESV 78 30 4RI T 5.62% ., 1984—2014 4F | 5 FAEASRIRAE N ESV 2 Bl K (1.06%
125.76%) , AT L) ESV B K Horp sk ) ESV 8/ 08 i 2 K (-38.43%) . i) (1984—1993
A AR ESV HEIN ;5 11 (1993—2014 4F) , B T IR #F PR BB | B0 VL L i K IR AR 3P A5 49 1) S
Jiti, B R RO, Hidy 6 B ESV oG 16, Horp X S ESV B8 0 5T ik B K043 SR ki B R AR R

P A RO R348 T 948 3 X B (181 4) ,1984—2014 4R [H], VLI5 48 B N B L X5 ESV 370 3076.4 T/
hm? | BT A 25 R G0 IR 45 (200820 Herp | R W Ab B 24 ESV R R ) e K (-876.61 JC/hm”) | 7K SCE
LB Y ESV NREME IR Z . TR, B ESV 0 216.91 JC/hm?, HLIG i 3
ESV Fh A MR AR A FER R = 3 TR S, 43 IS K 638.80,453.49 JT/hm* il 400.52 JG/hm’,
J& Py A BRAK SCE S I 4] ESV 4350087 1110.31 J6/hm*F1 705.12 J&/hm* , 7 BLI0 ) ESV 020 (1 X
W B T K SCUE T RE DAL FERGI0A: 28 R GRS, YL A B N R M35 ESV T B R 2 X R 1 R i B3 4 11 b
] ESV.

WX ESV 7E45 £ 47128 [B] 40 A0 A48 T G DX o AR 100, I 1A T 4 PR BEURI R S A BELEE 1993—2014 48[
KL ESV RGNS 85 T AT RVE = SR SRR AR R AR W 2 AR ESV RSN, 31X 5 TR S5
W RARHLAE 9 BRI AE S R G55 N 2R 50 1 5 M LG T R BURUR AL TL R BN 5 AR IX 5
TR S5 (A 35 ESV 2430 PRI, 3 30 48 3 L Hb DR Hb 7 RS i IF A XL IR B 3R N B ESV A B £ 5T
HiR 7T T S Ao A K R TR SR AR IR MR AR X T O VL _E R SR R B
3.3 BT

MR R FE E TR A S KA M ZE VE 4300 B R IR EE 50% , 1155 H T8 L b X 1984 1993 2006 F1
2014 “F I BUBMEAE R CS(£ 6) o Z5HRRY] 4 DEHIRE MR 2SR €S BT 1, w5 KRR €S
1 0.7108 , K 24K VC BEhN 1% , B EIEIN 0.7108% ; S ARAE A AR FFHHLAY €S {8 0.0009, 1984—2014 4E
], B CS BRI 3 5 R A — ERONA &, [ 1993 4, i AR E AL B, A €S 2B K
T TR T AR B, Bl CS Wb R, KRR F 2006 A IR RN, FLAURE 2 1, AEXT
FoRARFM L, B ESV RBCEAR, (A28 CS ¥IRFhh 3 & th TR I AR 2R AR E AL, CS )

http ; //www.ecologica.cn



8 S % 39 &

31°20N  [—
31°15" —
31°100 P~
B1°%05" o—
31°00" |—
30°%% P~
<+ o o <
0 N D =
S & S o
- = aQ
| | | | | | |
120°40’ 120°45’ 120°50’ 120°55’ 121°00’ 121°05’ 121°10'E

B3 EL#HX 1984—2014 FEESRERSNEALAZTESH
Fig.3 The spatial distribution of ESV changes in each towns in Dianshan Lake area during 1984—2014
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Table 6 ESV sensitivity of different land-use types

, EERGEWSSME TPURMEFR S CS
+ 4 1 P e TR
ESV/(x10°J0) Coefficient of Sensitivity
Land use type
1984 1993 2006 2014 1984 1993 2006 2014

Mt Woodland VC+50% 27.288 23.160 22.142 26.722

0.0393 0.0195 0.1302 0.1423
FHL Woodland VC-50% 26.236 22.713 19.434 23.173
BLHl Grassland VC+50% 26.784 22.988 20.862 25.110
- 0.0016 0.0044 0.0071 0.0131
E M Grassland VC-50% 26.740 22.886 20.714 24.785
HEHL Arable land VC+50% 30.050 26.643 23.716 27.031
! 0.2458 0.3231 0.2817 0.1671
HHHb Arable land VC-50% 23.473 19.231 17.859 22.863
JKH Water body VC+50% 36.274 30.415 26.814 33.383

0.7108 0.6521 0.5798 0.6763
7K Water body V€-50% 17.251 15.458 14.761 16.512
KA JHHE Unused land VC+50% 26.795 22.947 20.799 24.964

0.0025 0.0009 0.0010 0.0013
A HH Unused land VC-50% 26.729 22.927 20.777 24.931
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Fig.4 The spatial distribution of ESV changes per unit area in Jiangsu and Shanghai region of Dianshan Lake area
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Fig.7 The curves of mean annual temperature and annual precipitation in Dianshan Lake area
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Table 7 Correlation analysis of social economic indicators and regional ESV in Dianshan Lake area

MK R K B PE Correlation coefficient Pearson’s r/ P-value

A RME ABA = UNEEs NE=Fi
GDP Capita GDP Population Population density
ARG M E ESV 0.449* / 0.016 0.369/ 0.053 0.146/ 0.458 -0.641** /0.000

k3l H 3R AR S R GRS M ZE 2 Gz A7 K m] LRI T, 3 L i XA DA B3 VL e
SRV H KPR PO R BT W TJ7 AR ERADK 2 4, i HUIX B A\ F R3S, 2Tt ey 18795 ik 55
SREFREM , PR SR 5 DR Bt b5 K S AR 0 L )l DX By R A R 2+ LAY .
VER KA AE s ey 307 A Al 200, Pt Tk F2 B AR A R G IR 55 L IX., AR 20 45 bk
ARV, RN R SR A AN F AR I A, s Xof R ARARBE IR A P47 o Tt o RS RGUMR 55 2R AU IX, B fE
J R SR AL A R B B, S G A HILAE ; % TR R A 38 R GE IR 5 MY X, B g v K 4k Ab PR AE
T, TS BRI BRI A M AR DX, N7 B S i e P 2% L 5 B R fl . A, BEMR A B A Ak
5 IR BT IR, S IR S PR RO Al RISt 4 T 5%, o0 3 L0 98 3t DX 20 E AR AP 5 8 A LA 3 )
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5 #ig
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(1)1984—2014 4F , JE L3 b DX 4= b 1) FH /78 Bl A8 AL B 0, 30 Ly 080 DX o /8 R A S0P A 2
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