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Figure S1| Analysis of the impact of three types of EI on the existing spatial distribution of water environment resilience. a Spatial distribution of the three EI types. b–c Spatial distribution of resilience indices. d Correlation analysis between resilience indices and EI area. e–f Distribution of resilience indices along an urbanization gradient. The EI types examined are Sponge City Projects (SCP, 8.6% of total EI area), Park Green (PG, i.e., constructed urban vegetation, 31.4%), and Regional Green (RG, i.e., natural forests and wetlands, 60.1%).


Supplementary Tables
Table S1. Comparison of urban resilience approaches
	Aspect
	Holistic Approaches1
	Technical Approaches2

	Examples
	City Resilience Indexes3; Spatialised Urban Flood Resilience Index4; Available resilience assessment frameworks5, 6
	Spatial Analysis Framework7, 8; Smart City Framework9; Global Resistance Analysis10

	Strength
	Wide-ranging perspective
	Excellent for mechanistic analysis, identifying weaknesses, and targeted improvements

	Weakness
	Complex, hard to interpret, obscures causality
	Uneven application; poor for complex systems

	Focus Area
	System-wide interactions1
	Overwhelmingly on engineering resilience (e.g., water supply10/drainage11, 12)

	Key Limitation
	Hinders building actionable solutions
	Severely limits framework applicability to complex systems like EI
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Table S2. Summary statistics of monthly mean values for EWIs (Wuxi City, 2017–2020, Definition of indices showed in Table S9)
	Month
	PRCPTOT
	SDII
	R×1day
	CWD
	CDD
	R×nd
	R2 mm
	RP = 60%
	RP = 75
	RP = 85

	1
	68.75 
	9.72 
	21.20 
	4.17 
	13.83 
	36.37 
	7.50 
	1.17 
	0.33 
	0.00 

	2
	53.23 
	7.11 
	17.27 
	3.17 
	11.67 
	28.10 
	6.67 
	0.83 
	0.33 
	0.00 

	3
	69.03 
	8.32 
	22.23 
	3.83 
	11.50 
	29.68 
	8.17 
	1.00 
	0.83 
	0.17 

	4
	83.32 
	15.27 
	37.73 
	1.83 
	9.17 
	45.00 
	5.83 
	2.00 
	0.83 
	0.50 

	5
	71.72 
	11.25 
	27.43 
	2.00 
	12.50 
	32.60 
	6.67 
	1.67 
	0.50 
	0.33 

	6
	161.50 
	17.27 
	60.97 
	3.17 
	8.00 
	73.62 
	8.67 
	3.50 
	2.33 
	1.50 

	7
	210.45 
	20.81 
	59.73 
	3.83 
	9.83 
	107.50 
	9.00 
	4.83 
	3.17 
	1.83 

	8
	167.57 
	19.06 
	62.37 
	3.33 
	8.50 
	69.22 
	9.00 
	4.67 
	1.83 
	1.17 

	9
	143.85 
	22.83 
	81.25 
	3.17 
	14.33 
	113.32 
	6.17 
	2.83 
	1.83 
	1.17 

	10
	53.52 
	10.31 
	22.33 
	2.00 
	16.00 
	36.55 
	4.83 
	1.33 
	0.33 
	0.33 

	11
	60.05 
	11.57 
	26.00 
	1.83 
	13.17 
	35.35 
	5.00 
	1.33 
	0.83 
	0.17 

	12
	39.95 
	6.18 
	11.73 
	2.50 
	13.67 
	18.70 
	5.50 
	0.67 
	0.17 
	0.00 

	Mean
	98.58 
	13.31 
	37.52 
	2.90 
	11.85 
	52.17 
	6.92 
	2.15 
	1.11 
	0.60 

	SD
	56.41 
	5.58 
	22.59 
	0.84 
	2.53 
	31.58 
	1.52 
	1.47 
	0.96 
	0.65 




Table S3. Comparison of RP = 60 and CWD stress under Chinese VCR areas
	Area
	VCR
	RP = 60 stress (days)
	CWD stress(days)

	
	
	40%
	60%
	80%
	40%
	60%
	80%

	I
	85%
	0.26
	0.99
	9
	1.50
	3.50
	29

	II
	80%
	1.17
	3.00
	13
	2.56
	5.17
	25

	III
	75%
	2.26
	4.73
	17
	3.26
	5.61
	24

	IV
	70%
	2.12
	4.56
	18
	2.83
	5.12
	29

	V
	60%
	3.28
	6.61
	19
	4.42
	7.98
	28




[bookmark: _Hlk210936442]Table S4. SDGs relevant to the construction of resilient water environments13
	SDGs
	Domination
	Target

	Goal 9
	Build resilient infrastructure, promote sustainable industrialization and foster innovation
	9.1
	Develop quality, reliable, sustainable and resilient infrastructure, including regional and transborder infrastructure, to support economic development and human well-being, with a focus on affordable and equitable access for all

	
	
	9.4
	Upgrade infrastructure and retrofit industries to make them sustainable, with increased resource-use efficiency and greater adoption of clean and environmentally sound technologies and industrial processes, with all countries taking action in accordance with their respective capabilities

	Goal 11
	Make cities inclusive, safe, resilient and sustainable
	11.3
	Enhance inclusive and sustainable urbanization and capacity for participatory, integrated and sustainable human settlement planning and management in all countries

	
	
	11.B
	Substantially increase the number of cities and human settlements adopting and implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and adaptation to climate change, resilience to disasters, and develop and implement, in line with the Sendai Framework for Disaster Risk Reduction 2015-2030, holistic disaster risk management at all levels

	Goal 13
	Take urgent action to combat climate change and its impacts
	13.1
	Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all countries

	
	
	13.2
	Integrate climate change measures into national policies, strategies and planning



Table S5. Parameters for WQI calculation
	Variable
（mg/L）
	Relative weight
（Pi）
	Normalization factor（Ci）

	
	
	100
	90
	80
	70
	60
	50
	40
	30
	20
	10
	0

	DO
	4
	>=7.5
	>7
	>6.5
	>6
	>5
	>4
	>3.5
	>3
	>2
	>=1
	<1

	CODMn
	3
	<2
	-
	<4
	-
	<6
	-
	<10
	-
	<15
	-
	>15

	NH4+-N
	3
	<0.01
	<0.05
	<0.1
	<0.2
	<0.3
	<0.4
	<0.5
	<0.75
	<1
	<1.25
	>1.25

	CODCr
	3
	<5
	<10
	<20
	<30
	<40
	<50
	<60
	<80
	<100
	<=150
	>150

	TP
	1
	<0.01
	<0.02
	<0.05
	<0.1
	<0.15
	<0.2
	<0.25
	<0.3
	<0.35
	<=0.4
	>0.4




[bookmark: _Hlk200475694]Table S6. Catchment unit information and runoff control targets
	Unit
	Unit code
	Area
（km2）
	Water surface rate %
	Green land rate
%
	Pervious surface rate%
	Runoff coefficient
	VCR before SCP
（%）
	VCR target after SCP（%）
	Annual runoff pollution reduction rate (SS, %)

	1
	BSH-1
	2.4441
	11 .04
	35.54
	45.2
	0.61
	44.1
	77%
	62%

	2
	BSH-2
	4.1703
	8.80
	27.95
	46.2
	0.64
	39.9
	75%
	60%

	3
	CGX-1
	3.1218
	12.50
	37.78
	37.8
	0.62
	43.4
	70%
	56%

	4
	CGX-2
	3.4528
	2.14
	73.37
	73.4
	0.35
	66.6
	75%
	60%

	5
	DQB-1
	1.4437
	1.55
	18.52
	25.0
	0.75
	18.5
	65%
	52%

	6
	DQB-2
	1.5131
	2.20
	22.53
	27.7
	0.72
	22.5
	65%
	52%

	7
	HDJ-1
	0.1891
	2.02
	32.67
	36.7
	0.63
	37.4
	65%
	52%

	8
	HDJ-2
	1.5588
	7.84
	65.57
	66.4
	0.41
	64.4
	76%
	61%

	9
	HDJ-3
	1.8381
	6.04
	77.36
	78.5
	0.32
	72.3
	75%
	60%

	10
	HSHB
	4.0151
	0.38
	83.60
	83.8
	0.27
	73.2
	80%
	64%

	11
	HSHN-1
	3.3568
	10.16
	49.74
	50.4
	0.53
	52.4
	76%
	61%

	12
	HSHN-2
	1.5663
	8.09
	29.12
	29.1
	0.67
	35.4
	67%
	54%

	13
	HSHN-3
	2.1272
	14.37
	59.03
	59.5
	0.47
	62.3
	75%
	60%

	14
	HSHZ-1
	2.0993
	1.08
	67.71
	67.8
	0.39
	62.0
	75%
	60%

	15
	HSHZ-2
	1.4059
	2.17
	21.03
	21.9
	0.72
	28.7
	68%
	54%

	16
	HSHZ-3
	2.9983
	1.64
	33.29
	33.9
	0.64
	37.0
	64%
	51%

	17
	HSHZ-4
	1.3547
	5.39
	69.15
	69.1
	038
	65.3
	75%
	60%

	18
	LHN
	1.9968
	13.62
	30.99
	32.6
	0.67
	31.0
	66%
	53%

	19
	LQGD-1
	1.3333
	4.64
	18.51
	18.6
	0.75
	26.1
	64%
	51%

	20
	LQGD-2
	1.2788
	10.45
	41.72
	41.7
	0.59
	46.3
	69%
	55%

	21
	LQGX-1
	6.2114
	6.14
	43.35
	43.7
	0.57
	46.0
	68%
	54%

	22
	LQGX-2
	1.9681
	6.17
	56.51
	57.3
	0.47
	56.3
	72%
	58%

	23
	LXHB
	7.0794
	0.73
	80.43
	80.7
	0.29
	71.1
	80%
	64%

	24
	LXHN-1
	2.9662
	4.19
	32.50
	32.5
	0.65
	36.5
	65%
	52%

	25
	LXHN-2
	2.9295
	3.22
	16.19
	16.7
	0.77
	23.9
	63%
	50%

	26
	LXHZ-1
	2.7277
	2.77
	26.40
	26.4
	0.69
	31.6
	64%
	51%

	27
	LXHZ-2
	1.4898
	3.63
	22.04
	22.0
	0.73
	28.1
	64%
	51%

	28
	LXHZ-3
	2.5694
	0.54
	23.12
	23.6
	0.71
	28.8
	66%
	53%

	29
	LXHZ-4
	2.7577
	4.31
	15.59
	15.6
	0.77
	23.6
	64%
	51%

	30
	MAH
	8.696
	9.30
	80.21
	80.8
	0.30
	76.7
	80%
	64%

	31
	MSB-1
	7.9967
	9.98
	37.24
	39.0
	0.61
	42.8
	70%
	56%

	32
	MSB-2
	5.1608
	24.70
	39.14
	39.1
	0.62
	50.0
	72%
	58%

	33
	MSB-3
	4.3206
	5.10
	39.82
	39.8
	0.60
	42.6
	71%
	57%

	34
	MSN
	30.1061
	6.42
	78.46
	79.0
	0.31
	73.3
	85%
	68%

	35
	RZG-1
	2.0101
	8.27
	28.88
	31.2
	0.67
	35.9
	63%
	50%

	36
	RZG-2
	3.1118
	3.59
	20.11
	28.0
	0.71
	29.8
	63%
	50%

	37
	XCH-1
	6.4718
	24.06
	48.37
	44.5
	0.56
	49.5
	74%
	59%

	38
	XCH-2
	1.8899
	5.97
	33.65
	35.5
	0.65
	33.7
	66%
	53%

	39
	XLN
	11.8449
	15.89
	51.77
	58.7
	0.50
	59.2
	80%
	64%

	40
	XLX
	33.6179
	19.41
	65.72
	45.2
	0.42
	71.5
	80%
	64%

	41
	XSH-1
	3.1824
	16.27
	32.95
	33.1
	0.66
	40.3
	67%
	54%

	42
	XSH-2
	1.4621
	7.36
	23.57
	30.0
	0.70
	32.3
	68%
	54%

	43
	XSH-3
	2.8802
	3.37
	19.62
	26.7
	0.73
	28.3
	64%
	51%

	44
	YH
	5.4458
	16.24
	56.41
	56.7
	0.49
	61.4
	80%
	64%

	45
	ZHGX
	3.6683
	4.77
	18.97
	20.6
	0.74
	27.3
	59%
	47%

	46
	ZSTB-1
	4.1004
	5.40
	21.93
	22.4
	0.72
	29.4
	60%
	48%

	47
	ZSTB-2
	2.2881
	2.49
	12.90
	15.3
	0.78
	22.6
	58%
	46%

	48
	ZSTB-3
	2.3095
	7.80
	60.27
	70.7
	0.42
	62.6
	68%
	54%

	49
	ZSTD
	9.8883
	5.91
	74.56
	76.8
	0.34
	70.4
	80%
	64%

	50
	ZSTX-1
	2.0427
	6.61
	38.13
	43.3
	0.59
	43.4
	71%
	57%

	51
	ZSTX-2
	1.9895
	7.49
	48.68
	48.7
	0.53
	50.6
	66%
	53%




Table S7. Catchment unit sample information
	Year Before
	Year After
	N
	Catchment Unit ID

	2017
	2018
	5
	DQB-1、MLHN-1	、MLHZ-1、MLHZ-2、MLHZ-4

	2018
	2019
	14
	BSH-1、CGX-1、DQB-1、HDJ-2、HDJ-3、LQGD-1、MLHN-1、MLHZ-1、MLHZ-2、MLHZ-4、ZSTX-1、XLN、MS、ZSTB-3

	2019
	2020
	22
	BSH-1、CGX-1、CGX-3、DQB-1、DQB-2、HDJ-2、HDJ-3、HSHN-1、HSHN-2、LHN-2、LQGD-1、LWH-3、MLHN-1、MLHN-2、MLHZ-1、MLHZ-2	、MLHZ-4、ZSTB-2、ZSTB-3、STX-1、XLN、MS

	2020
	2021
	24
	BSH-1、CGX-1、CGX-3、DQB-1、DQB-2、HDJ-2、HDJ-3、HSHN-1、HSHN-2、LHN-2、LQGD-1、LWH-3、MLHN-1、MLHN-2、MLHZ-1、MLHZ-2、MLHZ-4、MW-2、XCH-2、ZSTB-2、ZSTB-3	、ZSTX-1、XLN、MS

	2021
	2022
	23
	BSH-1、CGX-1、CGX-3、HDJ-2、HDJ-3、LHN-2、LQGD-1、LQGD-2、LQGX-2、LQGX-3、LWH-1、LWH-3、MLHN-1、MLHN-2	、MLHZ-1、MLHZ-2	、MLHZ-4、ZSTB-3、ZSTX-1、ZSTX-2、YH、XLN、XLX


Note: Paired data deletion was applied to catchment units lacking water quality data for more than 6 months across compared years.

Table S8. Runoff control rate vs. design rainfall depth in the study area
	N
	1
	2
	3
	4
	5
	6
	7
	8

	Design Rainfall（mm）
	4.0
	6.0
	8.0
	9.8
	10.0
	11.5
	12.0
	13.5

	VCR（%）
	26
	36
	44
	50
	51
	55
	56
	60

	N
	9
	10
	11
	12
	13
	14
	15
	-

	Design Rainfall（mm）
	15.9
	18.8
	22.5
	27.2
	33.5
	43.4
	64.3
	-

	VCR（%）
	65
	70
	75
	80
	85
	90
	95
	-




Table S9. Definition of 10 extreme precipitation indices
	No.
	Descriptive Characteristic
	Item
	Definition
	Unit

	1
	Overall Statistical Parameters
	PRCPTOT
	Total precipitation on days with daily precipitation ≥ 2 mm per month
	mm

	2
	
	SDII
	Average precipitation on wet days (daily precipitation ≥ 2 mm) per month
	mm/d

	3
	
	R×1d
	Monthly maximum 1-day precipitation
	mm

	4
	Precipitation Continuity
	CWD
	Maximum consecutive wet days with daily precipitation ≥ 2 mm
	d/month

	5
	
	CDD
	[bookmark: _Hlk211519009]Maximum consecutive dry days with daily precipitation < 2 mm
	d/month

	6
	
	R×nd
	Monthly maximum consecutive precipitation
	mm

	7
		Precipitation Intensity Categories
	



	R2.0
	Number of days per month with daily precipitation ≥ 2 mm
	d

	8
	
	R13.5
	Number of days per month with daily precipitation ≥ 13.5 mm
	d

	9
	
	R22.5
	Number of days per month with daily precipitation ≥ 22.5 mm
	d

	10
	
	R33.5
	Number of days per month with daily precipitation ≥ 22.5 mm
	d





[bookmark: _Hlk190876192]Table S10. Significance testing and classification of water quality improvement effects
	Year-month
	Before SCP
	After SCP
	P
	Increase value
	Type

	2018-01
	41.14286
	54.0119
	0.145
	12.86904
	2

	2018-02
	55.1786
	55.0476
	0.986
	-0.131
	3

	2018-03
	61.0095
	50.5429
	0.194
	-10.4666
	2

	2018-04
	45.95
	57.25
	0.147
	11.3
	2

	2018-05
	45.4643
	43.7643
	0.842
	-1.7
	3

	2018-06
	35.5738
	53.4881
	0.013*
	17.9143
	1

	2018-07
	37.3429
	49.5357
	0.051
	12.1928
	2

	2018-08
	31.0786
	49.0833
	0.017*
	18.0047
	1

	2018-09
	34.65
	47.3095
	0.131
	12.6595
	2

	2018-10
	38.6429
	53.0238
	0.095
	14.3809
	2

	2018-11
	52.0024
	52.6286
	0.911
	0.6262
	2

	2018-12
	54.9857
	53.4786
	0.861
	-1.5071
	3

	2019-01
	56.9273
	58.3132
	0.758
	1.3859
	2

	2019-02
	61.2863
	59.5175
	0.571
	-1.7688
	3

	2019-03
	58.1056
	61.6852
	0.298
	3.5796
	2

	2019-04
	61.384
	66.1049
	0.098
	4.7209
	2

	2019-05
	48.6807
	64.9189
	0.002**
	16.2382
	1

	2019-06
	57.5487
	59.484
	0.657
	1.9353
	2

	2019-07
	61.399
	56.6694
	0.203
	-4.7296
	3

	2019-08
	59.9515
	61.4694
	0.694
	1.5179
	2

	2019-09
	58.9605
	58.0347
	0.799
	-0.9258
	3

	2019-10
	61.1583
	61.058
	0.974
	-0.1003
	3

	2019-11
	58.3885
	63.1214
	0.112
	4.7329
	2

	2019-12
	52.1199
	70.2223
	0.001***
	18.1024
	1

	2020-01
	57.3592
	65.1648
	0.006**
	7.8056
	1

	2020-02
	59.3113
	66.0682
	0.001***
	6.7569
	1

	2020-03
	61.886
	70.6183
	0.001***
	8.7323
	1

	2020-04
	65.5341
	71.252
	0.017*
	5.7179
	1

	2020-05
	63.593
	67.0185
	0.144
	3.4255
	2

	2020-06
	60.6336
	64.7265
	0.092
	4.0929
	2

	2020-07
	56.3405
	61.1279
	0.068
	4.7874
	2

	2020-08
	59.5386
	60.6423
	0.687
	1.1037
	2

	2020-09
	59.7438
	62.7424
	0.132
	2.9986
	2

	2020-10
	61.8906
	67.1162
	0.016*
	5.2256
	1

	2020-11
	64.732
	71.7898
	0.004**
	7.0578
	1

	2020-12
	No data

	2021-01
	64.8832
	68.4939
	0.089
	3.6107
	2

	2021-02
	65.875
	71.2169
	0.004**
	5.3419
	1

	2021-03
	70.9091
	70.7835
	0.944
	-0.1256
	3

	2021-04
	70.8203
	72.894
	0.348
	2.0737
	2

	2021-05
	67.3414
	68.8267
	0.455
	1.4853
	2

	2021-06
	64.5708
	68.8371
	0.061
	4.2663
	2

	2021-07
	60.9298
	68.6014
	0.001**
	7.6716
	1

	2021-08
	61.318
	60.7424
	0.839
	-0.5756
	3

	2021-09
	62.3651
	68.3623
	0.001**
	5.9972
	1

	2021-10
	67.0143
	65.0447
	0.564
	-1.9696
	3

	2021-11
	71.4025
	67.9167
	0.087
	-3.4858
	3

	2021-12
	68.9376
	75.5239
	0.001**
	6.5863
	1

	2022-01
	No data

	2022-02
	70.7233
	73.0869
	0.243
	2.3636
	2

	2022-03
	71.6101
	62.0445
	0.001***
	-9.5656
	3

	2022-04
	72.3529
	72.6718
	0.851
	0.3189
	2

	2022-05
	67.1672
	66.4009
	0.737
	-0.7663
	3

	2022-06
	68.4481
	57.7882
	0.001***
	-10.6599
	3

	2022-07
	69.5559
	59.8649
	0.001***
	-9.691
	3

	2022-08
	60.0028
	62.1488
	0.432
	2.146
	2

	2022-09
	67.5616
	68.9263
	0.505
	1.3647
	2

	2022-10
	65.8865
	69.3416
	0.200
	3.4551
	2

	2022-11
	67.874
	78.2362
	0.001***
	10.3622
	1

	2022-12
	77.8173
	73.7906
	0.003**
	-4.0267
	3


Note: Data from January 2020 and January 2022 were excluded due to insufficient sample size caused by equipment maintenance and river discontinuity. *P < 0.05, **P < 0.01, ***P < 0.001


Table S11. Definition of stress level
	Stress
	Stress Degree
	xi Scope
	Description

	20%
	Low Risk
	[0, x̄ - S)
	Values within this range indicate that the impact of this failure mode on the urban water environment is minimal and falls within the range of normal fluctuations.

	40%
	Relatively Low Risk
	[x̄ - S, x̄)
	Values within this range indicate that the impact of this failure mode on the urban water environment is slightly above the normal level but remains manageable.

	60%
	Medium Risk
	[x̄, x̄ + S)
	Values within this range indicate that the impact of this failure mode on the urban water environment has reached an average level, requiring attention.

	80%
	Relatively High Risk
	[x̄ + S, xmax)
	Values within this range indicate that the impact of this failure mode on the urban water environment is significantly above the normal level, necessitating corresponding measures for intervention.

	100%
	High Risk
	[xmax, +∞)
	Values within this range indicate that the impact of this failure mode on the urban water environment is extremely severe, potentially leading to serious water quality deterioration or other issues, and requiring immediate emergency measures.
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