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Spatial and temporal distribution of supply-demand of ecosystem services in the
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Abstract; The balance of supply and demand of ecosystem services is an important part of regional sustainable development
and an important indicator to measure whether regional socio-economic and natural development can be coordinated. Taking
the demonstration zone of green and integrated ecological development of the Yangtze River Delta as an example, this paper
used the InVEST, CASA and Thornthwaite Memoriai models to measure the regional supply and demand of water yield,
carbon storage, and food production services in 2000, 2005, 2010, 2015 and 2020 from the perspective of the water-

energy-food nexus. The Gini coefficient, supply and demand index and correlation coefficient were introduced to explore the
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spatial characteristics of regional ecosystem service supply and demand. The results revealed that (1) from 2000 to 2020,
except for the supply of food production service, which fluctuated down, the supply of other ecosystem services showed a
fluctuating upward trend. In terms of demand, all the ecosystem services showed an upward trend, with the largest increase
in water and carbon storage demand is Yaozhuang Township, Jiashan County, while food demand, showed an overall
upward trend during the study period, except for Liantang Township, Qingpu District. (2) In terms of spatial distribution,
the southeast and southwest regions had high values in the supply of water yield and food production services, while the high
value area of carbon storage was concentrated in Taoyuan Township, Wujiang District, and the high value area of demand
for various ecosystem services was mainly distributed in a circular pattern around towns with high population density. (3)
The Gini coefficient of each ecosystem service in the demonstration area was less than 0.3, the spatial distribution of
ecosystem services in the region was in equilibrium, the supply and demand indices of all kinds of ecosystem services were
decreasing, and the water yield service of Jiaxing had turned from an obvious surplus to a deficit state. In terms of spatial
distribution, water yield service in Jiashan had been in surplus from 2000—2015, and the surplus area tended to spread.
Three ecosystem services were in short supply in densely populated areas, and the difference between urban and rural
supply and demand matching was very obvious. (4) On the supply side, water yield and food production showed a
significantly synergistic relationship, and the trade-off/synergistic between water yield and carbon storage, as well as carbon
storage and food production were insignificant. On the demand side, the three ecosystem services showed a two-by-two
synergistic relationship. By exploring the spatial and temporal distribution of ecosystem services supply and demand in the
demonstration area, this study is conducive to the construction of a regional ecological security pattern and can provide a

reference for the realization of ecosystem service supply and demand in the Yangize River Delta region.

Key Words; demonstration zone of green and integrated ecological development of the Yangtze River Delta; ecosystem

services; supply and demand balance; water-energy-food nexus; spatial and temporal patterns
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Fig.1 Location of the demonstration zone of green and integrated ecological development of the Yangtze River Delta
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Fig.2 Land use changes in the demonstration zone of green and integrated ecological development of the Yangtze River Delta( 2000—2020)
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Table 1 Land use change in the demonstration area from 2000 to 2020

L Hb A FHZET Land use type

\
i KA < e B KR o HRH
Unused land Farmland Forest Grassland Water area Bare ground Construction land
2000 85.80 177569.87 1015.41 0.077 44132.64 0 17519.02
2005 86.99 159806.24 1019.41 46.85 49473.40 0.46 29889.62
2010 87.02 148005.88 3582.17 131.50 47178.50 1.75 41335.07
2015 86.70 139738.22 2993.21 12.60 44651.58 4.23 52833.93
2020 107.82 140380.29 1908.45 0.81 39072.69 5.22 58856.31
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(2) R HEh AR A, A AR R 35, 2000—2005 4F 2005—2010 4, 2010—2015 4F )y /b
FE53 R 2.00% ,1.48% ,1.12% , 3R FE B W8N, FRARTERR I B I0-38 -0/ A ARAE . BRI K B DR s i)
BEoM 2005—2010 4, B3 3k 251.40% , RS AL 2562.76hm* 7K ek 1 AR 26 B A < 38 in-ua 0 -y /0 1)
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Fig.3 Trend of water yield supply and demand in the demonstration area from 2000 to 2020
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Fig.4 Trend of carbon storage supply and demand in the demonstration area from 2000 to 2020
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SREM 1.87x10°kg/km® BT 3.18x10°kg/km® I 515 70.22% , FE B HY 7K, A B 2 S EURE
MBI ER 18 5 30 BE ANFAK A5 PR B B OIAR G, AR 23 (8]0 A b, R (L DX ph RV DX R e S i ) Y i i e 7, 1
2020 AF R {E X ARz, PR R BE I DO A T e B (R B Rl W R ) RITIX (R
PEBT METRBT P BB SR AR TS A Y XIS (BT 6) o AR R A 0 g ) DX PP 7R N 13 AR A IR X ISR
FLRA % B i B X Ry v o] DU TR 8, SR VLI (BEPRAE) (T30 X (A AR AR AT 1 s i Al SR 0E )  33%
(BB BN EE (K T),
3.2 ABRGURS I R
(1) Z= (a4 g o Hr

R GEIE L4 /(X 10°mVkm?) AEJE b4 4/ (X 10°kg/km?) A /(X 10%kg/km?)
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Fig.6 Spatial and temporal distribution of the supply of ecosystem services in the demonstration area in 2000, 2005, 2010,2015 and 2020
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IR B AL /(X 10°mE /km?) HEVR 45 B/ (X 107kg/km?) e 2 B/ 10°kg/km?)

20004F

BE7 REX 2000,2005,2010,2015 & 2020 EESRERESERHESHE
Fig.7 Spatial and temporal distribution of the demand of ecosystem services in the demonstration area in 2000, 2005, 2010,2015 and 2020

3R TIAEB RGNS I REUNZ AR, NI L5 R ATAL R IE X A S R IR LR e R 8
BUNT 0.3, 3 LSRR RE/NT 0.2, AE R ARG MG LA 7 2s (0] LA T & B, 77K IR S5 Hh4h ke &
EAE 2000—2020 4F 22 [A] S BLAGHG 5 v ka3, H7 /K BE45 28 R BV T MR FIAR B A 7=, R W7 K 45 g 1
BB T HAB R E S RGRSS . BRI (45 35 e R B W8 LT A B A 7= IR 5 4 36 2 R E0HE 20
ARG LT, SRR R GRS TR R E R BRI B R R R RS dE R M ik SN DV R T
K ER RGNS T R WG

(2) L7 DL S HT

2000—2020 4FE7R 0 XA X B K R 55 B BERR AR B A e — 8 22 57 (R 4) o RILIXHIE Il X 77K IRk 55 it 75
FREAEW B R R, b 2015 4F SEVTIX 7 7K IR 45 (L5 48 Hi0A 2 AE | 7 35 B 7K FE 2000—2015 473 {4 2 1L
KT Rpy#aH, 3 2020 A TARFRE R B AFTE2S [AAR DL AT, 2000—2015 4F 7R 01X 2R g s 3 H A 45
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A AR LA o0 A S g s A RSV ], HLga 3% B A DB T4, SR VLR B X o o 7 5% i Ax . 3
12020 47 BR/RJEIX AR R AR 3 XN, 79 38 DX 0 s XHRAL TR R3S (181 8) |, IX ok 2 i B R T

#3 REX 2000 £ ,2005 ££.2010 £ 2015 F£ K 2020 FESRGEREETTAERRY
Table 3 Spatial Gini coefficients for supply and demand of ecosystem services in the demonstration area in 2000, 2005, 2010,2015 and 2020
7K RS [l e e 55 BT IS
A Water yield service Carbon storage service Food production service
Yeur (154 Supply, #5K Demand) (15 Supply, 755K Demand) (1t Supply 7K Demand)
2000 (0.008,0.263) (0.016,0.145) (0.023,0.152)
2005 (0.021,0.187) (0.066,0.213) (0.027,0.148)
2010 (0.026,0.197) (0.022,0.241) (0.025,0.126)
2015 (0.015,0.122) (0.065,0.231) (0.032,0.097)
2020 (0.007,0.066) (0.108,0.143) (0.040,0.047)
F4 TEREREESRERSEEEY
Table 4 Ecosystem service supply and demand index for each district and county in the demonstration area
S RER S KA A Year
Ecosystem service types pitrict and 2000 2005 2010 2015 2020
county
TR 55 RITK -0.374 -0.381 -0.365 0.173 -0.629
Water yield service FME 0.266 0.149 0.169 0.406 -0.716
HiHX -0.415 -0.533 -0.503 -0.232 -0.861
[il i e 55 RITIX -0.793 -0.914 -0.945 -0.954 -0.945
Carbon storage service b -0.635 -0.815 -0.810 -0.875 -0.937
HX -0.882 -0.921 -0.927 -0.954 -0.975
WEA TR RITK -0.909 -0.892 -0.893 -0.886 -0.944
Food production service f s -0.848 -0.878 -0.875 -0.879 -0.939
T X -0.910 -0.885 -0.900 -0.913 -0.969

2000—2020 4E 75 5 X 4% X B 10 [ B IR 45 HE T 48 S bk E# TR (R 4) , MR TR7IRE, X
IR/ AT A T FRAAT 22 R (R ST DX I, A0 X ek A T A R A, LR X el 3nf A IX s ) U ) 7
FAHA ) 7F 2000 £ 2015 FZE YK, BAAKTERITIX RIS ARG, 3O TE T4 RN ZR AR A [ 65
A s HN 8 BEAS R, X R VR A 75 2R St AR X I, 30T A FH g AR AR B — L3 SR A7 7 11 1 b S A0 L35 A
XS 5 3R DX S A Sz (1] 8)

2000—2020 4E7R 3 DO AR P TR AR BCF RS T RE (3R 4) | BUARAE T AR FIRAS . DX R AR 7 Ik 55 K
ZHAETHERRR AR AS , IR 7 X ek A E B X, LA AN B %, I as a3 i Ab TR 7Y IX
BB AET I X RIS R VLIX PYIL AP R 3 B AR B, X Se b IX g TR /D H N AR AR
TR Z Mt gh /b | R AT 8 B AIG, 24 X ek 32 B T 2 VT IX [ BL B LB L R T A DR AR & X 38
A (E8)

(3) A BT

iz FH SPSS B XL AN X ek P2 K | RS A 7 3 B A A5 R GE IR S 0 A7 1 R[] B AH DG o M, 4 SR
5.6 N, BRI, Pk R B A 7= 2 (R A AH DG R 8 350 1, B PRl AR 28 R G055 2 [ A7 78 i 3 10 1
FHOG, Pk FIURR B A 7 0 -5 K S B WIAH DG, 75 Y0 X = il P AR /A {3 P A A 285 3R G IR 45 7 A= 1 [l () b ) 5%
N7, RS- R A 7 R K- [ i AU/ P ) O R AN B . 5 R O T, = A 25 2R e IR 45 19 W ) 340 S 3 I %
MR, Pk - P K -R A = | R - B A P i 2 38 2 B P B DRSS X Ui B = Fp AR S R
G55 T KAL) 3 A L AEAE B 1) — B
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Fig.8 Spatial and temporal distribution of supply and demand indices for ecosystem services in the demonstration area (2000, 2005, 2010,

2015,2020)

®5 ESRGREUEEXRY
Table 5 Ecosystem service supply related coefficients

4y PRI [ Btk - MR BT A 7 PRI R R
Year Water yield-carbon storage Carbon storage-food production Water yield-food production
2000 -0.013 0.001 0.966 *

2005 -0.048 -0.013 0.959 **

2010 0.002 -0.071 0.936""

2015 -0.03 -0.072 0.942"*

2020 -0.017 -0.04 0.824"*

% FRAE 0.01 7K b A
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x6 ETRFERSFREXRY

Table 6 Ecosystem service demand related coefficients

LRY 7K - - A £ 2 Pk R

Year Water yield-carbon storage Carbon storage-food production Water yield-food production
2000 0.737*" 0.844 " 0.919**

2005 0.980 " 0.970 ** 0.929**

2010 0.994 ** 0.955** 0.956 "

2015 0.867 " 0.937 " 0.898 "

2020 0.872"" 0.967 ** 0.908 **

% FRAE 0.01 7K I i EAE X

4 THefgie

4.1 g

NET AW, s 5K X DA A PR I AR s N R 4t S 2 B AW e T, A
P T A R GRS S PN R R R ) BIFSE I, R A 7 I 55 k45 1 2 e sl T R
P HAAE S RGNS LA R R 3 3 L FHIRES | 3X 57838 X7 il 1 R K FAR AR TR AR A G, SR,
SRS RGNS TR R L E S X SRR A, NI G, R X A TR RO 2 TR
AR RGBT AR X S RAER B Y SRR TS RS R X AR 5%
I AR H AR BT T 244 S R GRS A I FEH K

AEBRGMHFRMC N ESRGE MRS HENZ, BT, SRR FS 4 E I R ZHBCR N E
M VR AR ARASTADI: U (E Y AN RE G 1 220 /N RUBE A 25 R e R 55 Ik 45 23 (Rl A Jry , LIS o 18 7 AP A
BRI WA R M, R IR SCR RO I A A S RS R S E 45 MG RETE — e B L3R T
K CRER R A TS i AR MR R ORI N, 75 2 K /K B U A AR A 77 I Tk R[] s o A B T
FE, BIME T —Fh A 28 R GRS 9 A PO T 53 AR AR R R GE IR S5, 7K CRBUR LB =3 Z (W] R 3L AH AR AT
PRI R . SREA A L, A AR R R G 55 (175 23 [RIRRAE A9 383K O T A0 2, /K ik MRAR 2 5
NATA 7= 16 BB AR DG B SR, 38 2t A SCREMS A 228 1 i B Tl 29 78 Y DX AT R 52 & Jo () A0 WE U, A R T i
JAFAE PR S TR X B K = A X A AR S BEOR . ANWFFEAFAE— E 1 SR B | B R K s (]
XA IA S R GRS W BE R ARG T T PPN (H TG 38 53 S WA 28 R G R 55 (A 465 TN A5 oK T 1) R AK Sl 1L
Wil o BEAN A SCAUNBES AR 55 RS B Ss A T F 982K Tk R A = A E S RS IS IR R Ak
AT N A SR IR 5 TS RE IR 55, AT 421 AR S R G IR S5 LR IR TY

TR DA AR A AR THESE = A — IR S SRR EE T, K = A IX AR R R G IR 55 LT
PR AT A . TEA SO 1) =4 S R GE MR 55 v, [l IR 55 B A5 S5 S AN T A7, JHG v i IX 4 TR e R VT IX Bk I
AR 35 B R A X ek, U T AR [ A IR 55 IR A Bk E ok TR AR IR 55 45 18] 43 A A A o
JSCA 7 3 X S it A A R Y SR 2 PR 2R DRI T L DR 5 VA0 2 i e Y4 1) 2 O AL 45 0 1 7™ A R A A
CLER SEINARAR AN SR b AR, e A SRR A 3 R AR A R G DI RE , TR AT X = AR RE | S TS G A A T
IR TE S , W 5 | P SRR B AR & Al , IR st B = L SE R . /R X P2k iR 5 2000—2015 4E %
F X FBEPEFT XA RILIX, 3] 2020 4F JLF- 23R T HEFEATAT iR R —J7 T2 hn g 3 15 7K
U2 55— J7 AR TR 2K B 38 3 R R ASOLREAE I8 15 42 Tk 2 s 78 DX k5 K 3 vk 5 7K e o] 4 72
WK SR, A RR TS XK B IR AT R A, M o 2 X AN 1 SRR IX g v 1) DU JE 9 1%, Hh T g 1
Pk, N E RIS IR DX U B L TR 2 (AN P P I 5 — Bl M AL | DR RS £ 77 Ml e 35, 1) 2 Fo
FH, B2 TR FH ) B 7K 2 S5 IS Y DR £ AT 4 S L 1 AT R A%
42 %

A SCHET K -REWR-RHE Al A0 A, A 2000 ,2005 ,2010 2015 2020 45 To 48] 4 3o A1) FH 128 J8% W i K s, 45
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4 InVEST A1 CASA #E A F Thornthwaite Memoriai 8 8133 77 /K Bk R EHE T =M ERRFE MRS HLFH
i, R ZS (5L REZ A S R G IR S5 BT 25 3 i B, FURAE AR BUR MAE B R RS IE s 5HRZ
] R DT RO B THAR0 3 o A 28 R e IR 55 WA G 1] 14 4 OC R B0 7~ AR S R GRS R AU R IR DG R . It 255 4
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TR, —FES RGNS R DTS AR & AR S5 B4 (X 3 24 TR X VS /e A ZR g
B, [ B Al 55 2 v (L X B b T SR VLK ISR s 91 DX ™= K AR 55 1 Al 55 R ORR £ A 7 i 55 1) 75 SR e 1L IXC
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