5540 B 16 1] *E &~ 2 Eild Vol.40,No.16
2020 4F 8 A ACTA ECOLOGICA SINICA Aug.,2020

DOI: 10.5846/stxb201910082092
BT, INE , BT SD ALY i iR A S R GRS A 2 518 S0P 98 AR 44k ,2020,40( 16) :5513-5524.

Yi A L, Sun Q, Wang J.The process of changes and scenarios of Shanghai wetland ecosystem service based on SD model. Acta Ecologica Sinica,2020,40

(16) :5513-5524.

BT SD BB LETRRESRERSTUTRES

&= R

BRI HE AT

JEERAE YN R A Bk i LR 5 8248, B 518055

FE RS R T A 7S R G BB A 43, (H A AR o 25 L AR 3 R TR A S R A RS kg, B
SR R G B T 2E Y i TR A S R GRS AR T R S AR B, AFSR R (1) A A H B SR
FIHRAEYE AT AR BOR R S, X L T W A 28 R G S5 0 (B A 28 AR A TASE R 5 TN , 235 SR T oAy L3 v o1 Y M A
Pl R BOR AR AE AT A TR T, (2) X 4 B[R] 10 b 10 AU 3R B 1 S b A AR, 45 R R 17 o ok 8 B AR [ 386 3 4%
1% AR A 5 R GRS M B AR Ak TCIe MR AR G 5%, SCIB IR 5 (8 e v, o5 BN (E Y 64% LA I, AR SRS Be N 234K
PRS- MMER Z , B G B RSN (AL, 2 R ka3 (3) 31 2025 4F  # IR AT A B, i 77 16 b 1o AU 0 2
% 37.92x10*hm? , Ji I LA S R GRS U B 4711.56x10° JT, 7 b T [ P 4R 7 BB Y 20% , A1 1.95%10% JT,

KGR PRI 2R S R GRS B R KRG #8588 s BifgTin

The process of changes and scenarios of Shanghai wetland ecosystem service

based on SD model
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Department of Urban Planning and Design, Shenzhen Graduate School of Peking University, Shenzhen 518055, China

Abstract: Wetland plays an important role in urban ecosystem of Shanghai. However, the total area of wetland has
decreased significantly over the past few decades, which has affected the supply of urban ecosystem services in Shanghai. In
this study, we simulated the changes and future scenarios of wetland ecosystem services in Shanghai with a self-established
system dynamics model. The results show that (1) the model is effective and practical to meet our simulation purpose.
Moreover, the model parameters can be modified to simulating scenarios of wetland ecosystem service change in Shanghai
under multiple policy conditions, which are useful for supporting wetland conservation and ecological planning in Shanghai ;
(2) four simulation scenarios based on different “growth rate of wetland area” can indicate wetland ecosystem services of
Shanghai with different rates of economy development. For all the simulation scenarios, cultural service value of wetland
accounts for the largest percentage (64% ) and an increasing trend during the study period can be observed, followed by the
regulating service value with an increasing trend as well. Among all of the ecosystem service values, supply service value is
the smallest, and it is with a downward trend; (3) in 2025, with the current policy, the wetland area of Shanghai will
decrease to 37.92x10* hm’. The total value of wetland ecosystem services will be 4711.56x10° yuan, which accounts for

20% GDP of Shanghai, i.e., 1.95x10* yuan per capita.
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Fig.1 System dynamics model flow chart of wetland ecosystem service values in Shanghai
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Table 1 Main equations of the system dynamics model
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Fig.3 The system stock-flow test of key variables in the system dynamics model from 1993 to 2017
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2020 4E | IR AT 46.4x10*hm*, FIFH Vensim PLE #EFEAT 05 B, 350 B B IHBR Sy 1 4F, L)
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Table 2 System sensitivity analysis of key variables in the system dynamics model from 1993 to 2017

A B Variables SM+ /% SM- /%
A Ml A 3K 38 Growth rate of wetland agricultural working population 7.40 7.06
HAb A 13K 2R Growth rate of population except labor force of wetland agriculture 0.00 0.00
PR B T AR Unit price of reclamation project 0.00 0.00
HE M T AR KR Growth rate of wetland area 8.76 6.63
AL BEAE M H Unit value of oxygen release 0.95 0.73
B % Carbon tax 2.68 2.68
By [T VR0 M Unit value of research and education 3.97 3.15
T MRS Y5 242 72 77 Annual net primary productivity of wetland 4.11 2.40
HfV BB HIZE & L Unit value of wetland evaporation 29.99 23.52
TTREX e i B A Total tourism revenue of municipal districts 29.83 23.87
A LA TR M 2 CRE 71 Nitrogen absorption capacity of wetland per unit area per year 8.69 6.97
T FAERIVP B Annual sediment transport in river 0.55 0.44
AN K BEIRANE Unit value of water resources 3.49 2.43
HE AL ML A T4 34728 Average annual output of wetland agricultural employees 24.73 19.22
PR T AU M A ) AR AERR AR 55 M {H Unit value of biodiversity conservation in wetlands 0.91 0.16

SM+: 14 109% RELEIIME Sensitivity mean (+10% ) ; SM—: J8 10% REJE XM Sensitivity mean (—10%)

AR SCHIF 5 1 b g AR AL X6 VT A S R G S5 A2, L IRETT 2017 A7 b T BRAR 3G KR - 1.30%,
PR 3 2o 15 AN ) A T R ORI T AN R & T I T A S R G RS A ke 7 4 R s,
2018—2025 AF-fi4 i Hh [T AU K 70 AL o0 O R BUIR TS 55T 1) & R = SOM B 3t 1, BT Ml i ARG K
BN —-1.30% B0 TE & B 20T, W0l e T AR F AN AR (AR 5 e DR 15 3 2, Bl 1o AR R 05 s AL
2017 G TR IR H R R A A5 IR, T 1 i v R A A AT 28 0 i b TR B T K ) & i =ik oy
Boe 3, TR0 Wb T BRS KR R 2017 A0 b BRI SR A 2 XHE, RV b IR RS KRR 1.30% 5 #5 7E Il ¢ 3
PR , RRAE TR R 0 B 2 LASRAMNA [ 4R BRI 3R 2% (400 b, 5 2 Ak 2 in R0 M Wk 2 0 B g A X it
A 5 4, TOE TR LT R 350 2017 AF Wb T AR R A 4 A Y 2.5 A5, BV A T B #6h 3.50%

WL ISR AR ARG 3 I Ss SnT LU 31 2020 4R RIS = 1 B R 2 B R 3 R4 1
Wb 7 T Vb TR AR 23 51y 40.44x10% 42.04x10% 43.70x10% 46.61x10°hm? , 4 Fiis 5erb | HAG $i IR 5 4
B 2 RS, I Vg T Vb TRTRRAE 2020 4F A REIA B¢ _E TR S 7 22 ) th g 2E5K ) B 2018—2020 4F4F 1 b 1 AR 4
KARBELE 3.50% , (EFF 1 RIS 2t ESV FILAYY ESV 5 R R 5 IR 0 b 1h7 FUAS 728 il s /00 3t
AR 2 B ESV FIAYY ESV 1T B (HRR b T AR SR B AR K B AR I 10 2 AR PR ) AR A8 | R 25 IR
S EI ARG SOMEAE N R, 1993—2025 4 M), 76 AR 45 R G0 55 44 jirin , Wil b Vg i 4 1 R0 4 ik
(L 2) T IRSS BB AE ESV P i He ]k b 2 i3 (45 RS IMEAE ESV it ek b 2 TR
SRS AR ESV H i He LR A 2 BT (E 4)
3.2.2  HFBHULE R Kb

ZEG A FE R R AORHSE I AT LR IR, 78 2017—2025 4F i iR A= 28 R G0 IR 45 /b | BRAS SOk v
RIS R GRS O, SCA IR S I (B i (o5 SV Y 649% L) 1) | BIFFE I B PN 222 3188 R 345 40 IR 55- 4
HIRZ (5 ESV 9 30% LA 1) , EIGK a3 4G IR &5 M (B e (I (  ESV 19 6% LA T ), 2 FRE#aH R4
LT A AL 2 B RGO A 1993—2017 ¥ = K=k = (i v, 2 = =l = (3 K de e, 55—
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28569 JT( LA 2010 4E3EICEILE 6.77 +144) ,ESV/GDP iy 0.87'°', 2017 4£—2025 4F , ESV/GDP AU{EIE T
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Fig.4 Predictions of wetland areas and ecosystem service values in Shanghai from 1993 to 2025

22025 4F1E 5 1 S 2 R 3 E S 4 H BT ESV/GDP A 5514 0.20.,0.22.,0.24 LI 0.25,
AHE 2010 4F42[F ESV/GDP [, LT ESV/GDP {HIZ A F & E FEKF, Ll 45 e B, i
AR IR A, KRR AR S R GRS TIRR, WA S 5 2, 3 MBUE B, AN ARt ] AR S ESV/
GDP B 4 W7 2 75 17 152 5305 XY 114 0 b PR 477 28 S5O A1 V2 b T AR 384K . B4 ml LLFE Vensim PLE {4+
W MBHAR D R B BEE N TF THEN ELSE( (“EBRFEMS M/ ENESBE” =1), (1), (1.2))7, X%
IRUNA ESV/GDP<1 B, RG24 “ Wb R4 2850 B o 1.2, BV ZE AR M 2 47 ) i s #5 ESV/GDP>1 B,
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F3 20172025 £ EBETEMESRERESNEREHERBEREMER

Table 3 Scenario simulation results of wetland ecosystem service values and wetland areas in Shanghai from 2017 to 2025

e ESV/ RSV/ PSV/ CSV/ PCE/ i WA/
Scenes O3 Year x 10875 x1087C x 10875 X108 75 x10*7G kG x10* hm?
1 2017 5317.43 1597.86 298.65 3420.92 2.20 0.23 42.04
2018 5235.34 1577.39 280.85 3377.10 2.17 0.22 41.50
2019 5155.23 1557.19 264.20 3333.84 2.13 0.22 40.97
2020 5077.01 1537.24 248.63 3291.13 2.10 0.22 40.44
2021 5000.59 1517.55 234.07 3248.97 2.07 0.21 39.92
2022 4925.91 1498.11 220.45 3207.35 2.04 0.21 39.41
2023 4852.89 1478.92 207.71 3166.27 2.01 0.21 38.91
2024 4781.46 1459.97 195.78 3125.71 1.98 0.20 38.41
2025 4711.56 1441.27 184.62 3085.67 1.95 0.20 37.92

2 2017 5317.43 1597.86 298.65 3420.92 2.20 0.23 42.04
2018 5300.11 1597.86 281.32 3420.92 2.19 0.22 42.04
2019 5283.93 1597.86 265.15 3420.92 2.19 0.22 42.04
2020 5268.82 1597.86 250.04 3420.92 2.18 0.22 42.04
2021 5254.72 1597.86 235.93 3420.92 2.18 0.22 42.04
2022 5241.55 1597.86 222.76 3420.92 2.17 0.22 42.04
2023 5229.25 1597.86 210.46 3420.92 2.17 0.22 42.04
2024 5217.76 1597.86 198.98 3420.92 2.16 0.22 42.04
2025 5207.04 1597.86 188.26 3420.92 2.16 0.22 42.04
3 2017 5317.43 1597.86 298.65 3420.92 2.20 0.23 42.04
2018 5365.83 1618.63 281.80 3465.39 2.22 0.22 42.58
2019 5416.24 1639.68 266.11 3510.45 2.24 0.23 43.14
2020 5468.58 1660.99 251.50 3556.08 2.26 0.23 43.70
2021 5522.79 1682.58 237.90 3602.31 2.29 0.23 44.26
2022 5578.83 1704.46 225.24 3649.14 231 0.23 44.84
2023 5636.65 1726.62 213.45 3696.58 2.34 0.23 45.42
2024 5696.18 1749.06 202.49 3744.63 2.36 0.24 46.01
2025 5757.40 1771.80 192.29 3793.31 2.39 0.24 46.61
4 2017 5317.43 1597.86 298.65 3420.92 2.20 0.23 42.04
2018 5477.06 1653.79 282.62 3540.65 2.27 0.22 43.51
2019 5644.03 1711.67 267.78 3664.58 2.34 0.23 45.03
2020 5818.48 1771.58 254.07 3792.84 2.41 0.23 46.61
2021 6000.57 1833.58 241.40 3925.59 2.48 0.23 48.24
2022 6190.46 1897.76 229.72 4062.98 2.56 0.24 49.93
2023 6388.33 1964.18 218.96 4205.19 2.65 0.24 51.67
2024 6594.36 2032.93 209.07 4352.37 2.73 0.24 53.48
2025 6808.78 2104.08 200.00 4504.70 2.82 0.25 55.35

ESV: BRGNS M {E Ecosystem service value; RSV : P45 ilt55 #{ Regulation service value; PSV : fi:45 il 55 # & Provisioning service value;
CSV: SCULMRSS B Cultural service value; PCE: A4 RGEIRSS M Per capita ESV; E/G: A7 RGNS {8/ H P84 7= B8 ESV/GDP;
WA M A Wetland area; FTES RGNS MrE I IRS B ML RS E SCIOAR S5 NME LU A E TS RGIR S M 344 1T
DR, R P A 7 A o i A A

4 itig

AT 30 4R, g 2 A RO VAR BE T A AWt . 72T R A et e L 98 e 1 AU W T
EOMHA M, DA 2657 R JRIIT R 1B ESV H 3528 AT E M, ESV 52 AR EMA R H RN

http ; //www.ecologica.cn



16 1 GBS T SD ARG LT IR AR S R GRS AR A R S RS 5523

S, 25 FhEZ R PR R sh AR L, X A5 78 SE BR Al AR AL 2 vp By B A R AR LM, T vensim PLE HH1 3%
PREICHY B, (A5 A St R R R IS, B SRV Pl el 510 28 19 A 0 PR A ) R A A8
H SRS 7 AR R R O A SR S G i AT DL 247 (8 9 J7 78 U G ARUEL, 3R S e L LSS 0 B 422 3k
RGO, IR, 2 sR B AT DI R 24 AR B R GRS A RS T R i, G T ESV MAZ5, BBy
BRI Y 2 B R AN (B Y 5 R 5 i AL (E s o 3 A A A8t = O ) T 1 IS, SD SR AE ESV A% 53
1], 22 R FHECRS 40 0 15807 2, AEAR AR B 19D 1 A0 = W10 T g JXURS:

HHT,ESV IIPAG AR Z B AR R T 5 — B 4G5, X T ESV B8 (e ARF LR, X (75 T 3R
HMELLIE o B — A s LA A ESV R I i X A0 A S R G R S5 AR AL A H, SD MR AT L [ A S B 2
A g Z AR P SL S AL X AT ESV (1928 Ak S AR AR T Sy EOUL, ] Rk ESV A9 L2 E] i A5 Ak, BT SEBR
SHMH A SCE I T AN (7] 14 00 1 T R 23800 IASEADL - T A SR B[] Y IBOKE T M b ESV ARk & el
{50, S FASTALL AT L kg Rl 5 A A5 414 AR AL IBR R 114 ) B8 A8 T DAy, T I BT TR 3 2 3R

“TRHLAEY R B R € IF THEN ELSE” s, T LB A BENS AR 1012 1% 5 ESV/GDP B BI{A, F41
BRI ESV/GDP {85 2 BIA 1 L, MR A5 L5 45 SR PSR BBOAS (] 70 1 b DR 70 22 00, 30 A gl £ 745 35K A o 435
br b A TR X, EREIRAT A BRI ESV/GDP BYZSAL , I A e H 2R 2540 oAk R IS i

ARSCHTH Y SD BB RIS SHCR A T il RS Z MO S 4, (AR F B Z 2 RIMAHE R 1]
TEA SO 2 (A A AE SR 2 3l 2ok 45 5 AR5 DX 1 e i 1T 8 16 R S 0, DT (A A AR SR s S S P v, i
Hb A SR A 25 WA S8 BON AN [R1AE 3 (%) B A /s A 7460550 DA T il /)~ 3 6 12 ik 55 R 3R i i >k i Aty
AR ZE , PSS o B B Ak, (AR SCHTA Y SD BRI Fls R b 2 AR R AL S &5 E i
R R AR Z o IOk b, DU 7R A RO 9 XSt T4

5 #ig

ARSCE S R SD ERUXE TR ESV B AR BT 05 SN, nT IS A R 45

(1) 3EF 1993—2017 4 W2 B 5 | 0 i RHZARE R IEA T 2R G A7 I B A 960 R 2 55 R A8 AT, S /s % A AR
A3 H BT SRR LA AT R, AT AR R BRI S8, 6 TR ESV AR TR T

(2)4 FhIETFAS ] (4 Y0 T R S5 1 AR UL S 7R T R SR 4 TF K JRE A AN [) 448 8 2 1 ) v
ESV 284k, FIE 4 FhIE S, ) 2020 4 J5e 1 77 9% Ho 0 UK 4 3R 40.44%10*hm* (42.04x10*hm?* (43,70
10*hm* 1 46.61x10*hm’*, JCiEWE A% 5%, 7610 Mo A= 25 R G0 I 45 W B b, SCAR IR 55 I (s L 240 ] (L 1
64% LA I T I B P S K R 3 TR IR S5 MR 2, IR 3 (R4 IR 55 M (BRI, S Rt 3, 7R
TR ESV ARLA R R v B S 4 A5 e B 4 50 Sk B T AR b 2R R | T R DR i SR TR
HiA A YA T A2 P TR AU R X L 4 AR S AR R 4 05 YR R A R R
B YT &R T T, BART b T RO K R RE T 3.50%

(3) £ 2025 4, BP0 07 BRI AR A, e BEIAT B9 B0 (1 S 1), i T O b v B e 37,92 %
10*hm* Y it ESV #4980/ % 4711.56x10° JT, Hor SCIB IR 55 (2 3085.67x10° T, I8 15 IR 55 (6 hy 1441.27 %
10° 78, B IR S5 Ml 184.62x10° J6. A ESV 2 1.95x10* 7t i ESV 5 F#ETi GDP (14 20%
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