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Abstract: Eco-hydrological regulation service is an important component of ecosystem services, which can effectively
regulate surface runoff and alleviate rainstorm-flood disasters. However, due to the expansion of urban construction, the
degradation of the ecological environment, and the frequent occurrence of extreme precipitation, the spatial imbalance
between the supply and demand of eco-hydrological regulation services has emerged. This phenomenon was exacerbated by
the weak terrain hydrodynamic force and high demand for urban development in plain cities. In this study, from the

perspective of the supply and demand of ecosystem services, we used the runoff regulation capacity to characterize the
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supply level of eco-hydrological regulation services and expressed the demand level of eco-hydrological regulation services by
the risk of rainstorm-flood disasters, to construct a research framework on the supply and demand of eco-hydrological
regulation services in plain cities. Therefore, we took Tianjin as an example to evaluate the supply and demand level and
their spatial distribution characteristics of eco-hydrological regulation services based on the SWAT model, random forest
model, and ArcGIS platform, and then we used the matching degree of supply and demand to divide the research unit into
four types. Finally, we used the priority index to divide these areas into five planning intervention priorities. The results
showed that; (1) the supply capacity exhibited a feature that the distribution was high in the southeast coastal area and low
in the northwest mountainous area. The distribution of demand levels presented a multicenter aggregation and gradually
decreases from the center to the outside. (2) There was a positive correlation between supply and demand spatial
distributions. Low supply-low demand dominated four types of supply and demand matching, which had the most obviously
spatial aggregation. (3) There were obviously spatial variations in planning intervention zones. The priority intervention area
was consistent with the urban built-up area distribution, accounting for 5.41% of all the planning intervention zones. Such
areas were mainly concentrated in the central city, followed by the core area of Tianjin Binhai New Area, which was the
focus of future planning and governance. The results provided a scientific basis for urban planning management to prevent
and control rainstorm-flood disasters in plain cities according to the supply-demand relationship of the eco-hydrological

regulation service theory.

Key Words: eco-hydrological regulation services; rainstorm-flood ; supply-demand assessment; plain city; Tianjin City
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Fig.1 Overview of the study area
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Table 1 Data required for supply-demand assessment of urban eco-hydrological regulation service
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Table 3 Vulnerability assessment factors of rainstorm—flood disaster

A PR B SCHR R Hepm e Rl ARG LW
Impact factors and references Data type Correlation Explanation
N g g (2] . o 0 ELY A b
. . g 1ET) TEATAT 9 v ) N ER WA A= A f 6 Y 248 b
Population density
TLIRIKT 4] N . TR IEXT JCFNIR 25 28 9% K Je A 25 ) 43 A [ R AR
- P 1ETa] -
Night light PR3
[50]
PRRAILES 25 EE WA R
Proportion of cultivated land
B pE[50]
HLS 2% i i W 2RI R SR A BUK 76
Building density
3 2R e[ 24]
L 4 iEF SR 2 S 5 RS 1

Road density

x4 EWMHAGRIERFNE

Table 4 Weight of rainstorm-flood vulnerability factors

i 55 M A T E SN G AR E
Vulnerability index Subjective weight Objective weight Combination weight
A 138 Population density 0.285 0.431 0.345
AT Y Night light 0.125 0.214 0.161
#HFHL A Proportion of cultivated land 0.196 0.223 0.207
AHEE Building density 0.142 0.077 0.116

T 95 Road density 0.250 0.055 0.171

2.3.3 ST AR UK SO iRk 55 IR VL IC OC &R 40 B

(1) 2T z-score FRifEIL G PR 1 1) L5 DT B 28 AR 4

T AR ZA BE ) AT SR K Z ] Y 25 ] DR E OC 2R |, 43 0l % (b 25 N K B9 PEAL 45 R AT z-score FRifEAL
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Table 5 Evaluation of simulation effect of monthly runoff of hydrological station

TR SO T AL A AHIE R AL HEEY AHXT IR 2
Runoff simulation of hydrological station R? NS R,/ %
Z5E M Parametric rate period 0.82 0.75 12.76
KFEH Verification period 0.71 0.70 13.25

R? A ZREL R-squared ; NS SR A K Nash-sutcliffe ; R, ; fHX 1% 2% Relative error
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Fig.3 Comparison of measured and simulated monthly runoffs at hydrological station from 2011 to 2018
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Fig.4 Potential, actual runoff depth and urban eco-hydrological regulation service supply capacity
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Fig.5 RF model validation results and sensitivity factor contribution rate
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Fig.6 Sensitivity, vulnerability of rainstorm-flood and urban eco-hydrological regulation service demand level
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Fig.7 Quadrant and LISA of supply and demand matching and Urban planning intervention zoning
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