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Fig. 1 Sustainable development evaluation index system of flood storage area
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Tab. 1 Indicators of sustainable development of flood storage areas
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Tab. 2 Indicator values for flood storage areas under three scenarios

) i — {[=p o =
etz - — - — - —
FieH X iR =1 Fih T w =1 i i =1
uy/JI7C 324.13 523.04 349.07 563.27 324.13 523.04
up/t 0.268 5 0.268 5 0.268 5 0.268 5 0.268 5 0.268 5
u/ ITC 297.00 479.25 198.00 319.50 148.50 239.63
u,/(KWeh) 609.02 609.02 609.02 609.02 609.02 609.02
U,/ TG 749 749 749 749 749 749
TGN 840 840 840 840 840 840
U5/ 7T 4857 4857 1943 1943 968 968
1,/(JEm’?) 700 700 120 120 50 50
Ups/m 13.60 13.50 13.60 13.50 13.60 13.50
/T’ 2320 3750 2320 3750 2320 3750
uy/JI 7 34.65 55.91 34.65 55.91 133.15 214.86
us/ I 7T 41.05 66.24 41.05 66.24 467.28 754.02
s/ JT T 2.93 473 2.93 473 3.29 531
us/ JITC 56.84 91.72 127.33 205.47 135.95 219.38
u;s/ ITC 88.97 143.56 100.49 161.17 235.73 380.38
u;/ JITC 66.34 107.04 85.22 137.52 97.34 157.07
us,/ 717G 6.53 10.54 13.06 21.07 21.12 42.15
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Tab. 3 Indicator affiliation

L fi — fe L —
sebi ot Hat— ot —
FeH Tt = Tt I et = Tt I Tt =

uy 0.771 0.743 0.734 0.705 0.771 0.743
U, 0.986 0.986 0.986 0.986 0.986 0.986
U3 0.450 0.213 0.695 0.408 0.837 0.582
Uy 0.690 0.690 0.690 0.690 0.690 0.690
Uy, 0.250 0.250 0.250 0.250 0.250 0.250
Uy, 0.229 0.229 0.229 0.229 1.000 1.000
Uy 0.175 0.175 0.570 0.570 0.842 0.842
Uy, 0.022 0.022 0.436 0.436 0.816 0.816
Uys 0.003 0.003 0.003 0.003 0.003 0.003
Uy 0 0 0 0 0 0

iy, 0.695 0.870 0.695 0.870 0.994 1.000
s, 0.647 0.871 0.647 0.871 1.000 1.000
Uy 0.622 0.816 0.622 0.816 0.672 0.854
Uy 0.630 0.656 0.996 0.997 0.998 0.999
Uss 0.850 0.933 0.934 0.973 1.000 1.000
Uy 0.841 0.953 0.910 0.981 0.937 0.990
iy, 0.098 0.131 0.460 0.505 0.841 0.956
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Tab. 4 U-U, judgment matrix, single-ranking weights
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Tab. 8 Hierarchical single ranking and hierarchical total ranking of

indicators of sustainable development evaluation system

for flood storage areas

and consistency test B U, U, B N
bRz EET e
U U, U, U, AEW, 0.197 6 0.490 5 03119
U, 1 1/2 1/2 0.197 6 uy, 0.283 0.056
v: 2 ! 2 04905 s 0.122 0.024
U, 2 1/2 1 03119
Uy 0.473 0.094
s B KRB A 0=3.053 7, —BEFERCI=(1p0 —1)/(n—1)=0.026 85,
Bk BICR=0.051 7<0.1, i —BHER TR . 0.122 0.024
o i, 0.121 0.059
Tab.5 U, u;; judgment matrix, single-ranking weights Uy, 0.104 0.051
and consistency test 0 0.166 0.081
U Uy U Uz Uy W
[ 0.089 0.044
Uy 1 3 173 3 0.283
u, 13 1 13 1 0.122 ths 0.268 0.132
Uy 3 3 1 3 0.473 Ung 0.252 0.124
Uy 1/3 1 1/3 1 0.122 s, 0.164 0.051
TE: Ape=4.154 3,‘ CI=(4e —1)/(n—1)=0.051 43, CR=0.057 8<0.1, i /& sy 0.268 0.084
—HPER I EOR
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Tab. 6  U,- u,; judgment matrix, single-ranking weights ® ) ’
and consistency test Uss 0.113 0.035
U, Uy Uy U Ung Uss Use W, Uss 0.145 0.045
Uy, 1 2 12 2 1/3 1/3 0.121 " 0.059 0.018
Uy, 12 1 12 2 1/3 172 0.104
u 2 2 1 2 172 172 0.166 2 .
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Tab. 7 Us- uy, judgment matrix, single-ranking weights

and consistency test
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Tab. 9 Classification of levels of sustainable development

Us Uy, U, Us; Uy, Uss Uz Uy, /8

Uy, 1 1/3 2 172 2 2 3 0.164
iy, 3 1 3 3 2 1 3 0.268
Us3 172 1/3 1 172 1 12 2 0.088
Uy, 2 1/3 2 1 2 1 2 0.163
Uss 12 12 1 172 1 1 3 0.113
Uy 12 1 2 1 1 1 2 0.145

Uy 1/3 173 172 172 1/3 12 1 0.059
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Tab. 10 Comprehensive evaluation of the sustainable development of the Huangcaowei under three scenarios
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Evaluation of sustainable development of flood storage area
based on AHP-fuzzy comprehensive evaluation method

JIJinxue', WANG Le’, YAO Wei’, LIU Yong’, WANG Yuhui'

( 1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2. Changjiang Survey, Planning, Design and
Research Co., Ltd, Wuhan 430010, China; 3. The National Key Laboratary of Water Disaster Prevention, Nanjing Hydraulic Research Institute,
Nanjing 210029, China )

Abstract: Huangcaoweis are national-level storage and detention zones in the Chu River basin. The two regions
serve a dual function for flood control by retaining excess water and ensuring the survival and development of local
residents by water supply. The reality of a growing population and limited land has given rise to a multifaceted role
for flood storage areas in China, encompassing flood control and development. In addition, the flood storage area
also possesses ecological functions such as climate regulation, which bestows unique ecological service functions
and economic value. Therefore, we should correctly deal with the relationship between flood control, development
and ecological environmental protection in these regions, maintain and maximize the functions and benefits of the
flood storage area, putting flood storage areas on a gradual path to sustainable use.

Taking these two flood storage areas as case studies, an assessment of their ecological service value is
conducted, mainly including values of climate regulation, water purification, air purification, soil conservation,

carbon fixation, biodiversity and scientific research and education. Various accounting methods, including the
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alternative cost method and outcome parameter method, are applied to evaluate the value of each service. Accurate
quantification of the ecosystem's service value facilitates the integration of ecological benefits into the economic and
social development evaluation system. On the basis of calculating the value of regional ecosystem services,
evaluation indicators are constructed for the sustainable development of flood storage and detention areas from three
aspects: flood prevention, economic and ecological functions. The sustainable development level of flood storage
and detention areas are evaluated by AHP-fuzzy comprehensive evaluation method, incorporating weights assigned
by the AHP method and comprehensive evaluation is made by fuzzy comprehensive evaluation method. According
to the evaluation results, the relationship between flood control, economy and ecology is coordinated to maximize
the comprehensive benefits of various functions of the flood storage area and realize the sustainable development of
the flood storage area.

Meanwhile, scenario analysis and development prediction for the future state of the flood storage area are carried
out to provide a reference for the quantitative evaluation of ecological benefits and sustainable development of the
flood storage area. The results show that the sustainable development level of the Huangcaoweis are general, which
basically accords with the development pattern in the polder area. A reduction in the ecological function of farmland
and wetlands at the current stage of flood storage area development would lower its sustainability. Conversely, if the
flood storage area shifts toward farmland ecological transformation and expansion of wetland areas, its sustainable
development level could surpass the current stage.

Finally, the challenges encountered during the sustainable development process are addresses in the two flood
storage areas and proposes corresponding suggestions and countermeasures. To alleviate issues related to regional
water withdrawal challenges, it is recommended to expedite water withdrawal through drainage ditch dredging and
drainage station construction. For this kind of flood storage area where agricultural development takes precedence,
adjustments to the crop planting structure are suggested, planting crops with high economic value and good water
resistance to optimize and adjust the land use mode in the flood storage area, and to reduce the flood disaster losses.
Leveraging the region's advantages, an emphasis on ecological farming is encouraged to establish a distinctive
farming model. Developing ecological wetlands and agricultural sightseeing projects according to local conditions,

the region's vital ecological role can be maximized, and striving to achieve sustainable development of the region.

Key words: flood storage area; sustainable development; ecological value accounting; indicator system; fuzzy

comprehensive evaluation
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