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A fuzzy two-stage optimization method for ecosystem planning in Dongying
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Abstract; The Dongying economy mainly relies on the petroleum industry, which occupies considerable land resources and
produces a large number of pollutants, leading to negative impacts on the sustainable development of the local ecosystem.
Land trading is an effective planning method, which can increase ecosystem services by encouraging its movement from low
value to high. However, inherent complexities and uncertainties exist in practical regional ecosystem management due to
inevitable errors and data losses, which have placed the issue beyond the conventional deterministic optimization methods.
In this study, a fuzzy two-stage method was used to tackle fuzzy and stochastic uncertainties. A land trading mechanism was
introduced to assist regional ecosystem planning. Improvements in land trading, ecological service value, and pollutant
emissions have occurred due to trading and non-trading. The results show that the land trading mechanism is suitable for the
regional ecosystem and sustainable development, and the proposed method is an effective tool for analyzing and dealing with
uncertainties in the system. In addition, quantitative analysis can help policy makers conduct in-depth analyses of tradeoffs
between ecological service value and economic benefits. This study explores a transition pathway for sustainable development

through a land trading mechanism, and provides suggestions for the local economic and ecological development.
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s 2 i 2 32 3
Max f= Y D AB, - PCA, + Y, D AB, - WA, — 3. Y Y p.. - DIC, - EXPW,, (1)
=& = e i i
Hrr,
AB, =[PCL, - PC, - PCR, - PC, -PDW, - TC, + (PS, - PC, - n, + SI, - PDS, - SC,) - PDPM, - PMC, - PDSO,
- S0C, ] (2)
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AB,, = [(PSA, - SA,,) + (PAB, - PAT, - P3,,) + (RDB, - RDT, - RB,,) + (CP,, - C,) +(0.73-CP,, - 0,) +

3
(wp,, -TC,) + (WPM,, - PMC,) + (WSO,, - SOC,) + ZP,, - ( qu =PI, - 1)+ (SP, - SC,) +
qg=1

(zP, - 7ZCL) +V, + (YCL - YP,) + (RP,, - RO, - RC1,) — KCI ] (3)
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Table 1 Production and benefit of different industries

7 e R A it Period 7 RS 3] Period
Production and benefit of industry A 1 g 2 Production and benefit of industry i 1 i 2
Tl S 4E P28 Production of industry /(t hm™2 a™") Tl B2 i B4 Benefit of industry products/ ( 7G/t)

LT Tl Chemical industry 2500 2900 AL T Tl Chemical industry 10700 11640
W} Tl Plastic industry 2500 2800 Tl Plastic industry 9370 9400
# Tl Rubber industry 1800 2120 # Toll. Rubber indusry 15000 15800
A1 Tk, Production of energy industry 4250 4500 L7 Tolk. Oil refinery industry 9000 9200
S Tl Oil refinery industry 4000. 4200 S Tl Oil field industry 4500 4600

*2 ANIRHIHE

Table 2 Benefit of constructed wetland

AR5 INME/ (78/hm?) M 49] Period SRS/ (56/hm?) A$ 4] Period
Ecosystem service value gl st HH 2 Ecosystem service value s 1 it 2
K& Birds 6369 6581 57K Water conservation 6192173 6204954
P2 Reed 1078 1106 [ 1 Soil retention 1652098 1669004
HE Pasture 1040 1044 FHELRAE Nutrient regulation 944511 963826
[##% Carbon sequestration 1348812 1357506 W) ZHEVE Biodiversity 5212 5212
FE4, Oxygen release 332968 335114 A SR Ecotourism 2123 3228
757K 41k Sewage treatment 1663 1730

23 HHIRIR
85—t S R

ny ny v m
maxf = Elcjxf DI T 1D HE I WY (15)

j=1h=1 i=1 i=1
EA U

ny
S(Xax,b)=A,r=1,2, .., m (16)

j=1

ny
I(am,b)=A,r=1,2,..,m, (17)

j=1

”l

2ax+2a,}yjh/wh, t=1,2, ..., my; h=1,2,..,v (18)
0 =0,7=1,2,..,n (19)
¥y =0,j=1,2,..,n,; h=1,2,...,0 (20)
A, =0;k=0,1,..,r (21)

Horp x AU — W BOR S B Bl BENLAL B SRR AE 5 v, AUFEEE B BOR SRS i 500, 7R p, B S5
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1B 5 RN AR S RGN 55 Y 59% , 10 38 o - 35 FL BT LA B 435 55 b T /K i BB 2R S BIUK IR0 57 D BE 5 7
SR FR K IR DR OC T FEE - DR A Fr 42T . U Xt AN [a] 3 b 28 AU AR ZS M (AR 28 A5 461l
FESS— BT VR RIS TR L RN T ) TR SR K IR T RE 7 AR RS 430k 4.02 x 107 0T 4,12
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Fig.1 Results of traded land area
4500 Ok OHEMAHE  COEE OALRM
I RSAN T
S 3600 | N g
X B s
EE 2700 i :1
=¢ I 1 1o
=2 g8 N
ﬁ% 1800 | W B
5 NP N
< 900 [ e WH 1 T WH
oy it iz S = iy & = 8 2
= B < = = H o * R =
s H ® i H ®
I izl H g i H
H—IF A Period 1 4 i i Period 2

2 EBMESRERSNE

Fig.2 Ecosystem services values of wetlands
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