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Table S1. Annual Water Yield biophysical table.
	lucode
	LULC_desc
	Kc
	root_depth
	LULC_veg

	1
	Cropland
	0.6
	700
	1

	2
	Forest
	1.0
	6300
	1

	3
	Shrub
	0.85
	6300
	1

	4
	Grassland
	0.65
	1350
	1

	5
	Water
	1.0
	1000
	0

	7
	Barren
	0.2
	9
	0

	8
	Impervious
	0.3
	450
	0

	9
	Wetland
	0.8
	6300
	0


Table S2. Carbon Storage and Sequestration carbon pools.
	lucode
	LULC_Name
	C_above
	C_below
	C_soil
	C_dead

	1
	Cropland
	31.5
	80.7
	108.4
	0

	2
	Forest
	42.4
	115.9
	236.9
	0

	3
	Shrub
	38.85
	101.2
	168.4
	0

	4
	Grassland
	35.3
	86.5
	99.9
	0

	5
	Water
	0.0
	0.0
	0.0
	0

	7
	Barren
	1.3
	0.0
	21.6
	0

	8
	Impervious
	2.5
	0.0
	31.4
	0


Table S3. Habitat Quality land-use sensitivity table.
	LULC
	NAME
	HABITAT
	Cropland
	Impervious
	Barren

	1
	Cropland
	0.4
	0.2
	0.8
	0.4

	2
	Forest
	1.0
	0.5
	0.8
	0.2

	3
	Shrub
	1.0
	0.4
	0.6
	0.5

	4
	Grassland
	0.9
	0.2
	0.5
	0.3

	5
	Water
	1.0
	0.4
	0.6
	0.5

	6
	Snow
	0.0
	0.0
	0.0
	0.0

	7
	Barren
	0.1
	0.0
	0.0
	0.0

	8
	Impervious
	0.0
	0.0
	0.0
	0.1


Table S4. Habitat Quality threat table.
	MAX_DIST
	WEIGHT
	THREAT
	DECAY
	DESCRIP
	BASE_PATH
	CUR_PATH
	FUT_PATH

	4
	0.6
	Cropland
	linear
	Cropland
	nan
	Crop_c.tif
	nan

	8
	1.0
	Impervious
	exponential
	Impervious
	nan
	Impe_c.tif
	nan

	3
	0.4
	Barren
	linear
	Barren
	nan
	Barr_c.tif
	nan


Table S5. Nutrient Delivery Ratio biophysical table.
	description
	lucode
	load_type_p
	load_p
	eff_p
	crit_len_p
	load_type_n
	load_n
	eff_n
	crit_len_n
	proportion_subsurface_n

	Cropland
	1
	measured-runoff
	3.57
	0.48
	150
	measured-runoff
	27.0
	0.25
	150
	0

	Forest
	2
	measured-runoff
	1.36
	0.67
	150
	measured-runoff
	1.4
	0.4
	150
	0

	Shrub
	3
	measured-runoff
	1.145
	0.635
	150
	measured-runoff
	2.7
	0.375
	150
	0

	Grassland
	4
	measured-runoff
	0.93
	0.6
	150
	measured-runoff
	4.0
	0.35
	150
	0

	Water
	5
	measured-runoff
	0.0
	0.4
	150
	measured-runoff
	0.0
	0.02
	150
	0

	Barren
	7
	measured-runoff
	0.79
	0.26
	150
	measured-runoff
	6.3
	0.05
	150
	0

	Impervious
	8
	measured-runoff
	2.1
	0.26
	150
	measured-runoff
	6.3
	0.05
	150
	0


Table S6. Sediment Delivery Ratio USLE factors.
	lucode
	LULC_Name
	usle_c
	usle_p

	1
	Cropland
	0.23
	0.4

	2
	Forest
	0.02
	1.0

	3
	Shrub
	0.07
	1.0

	4
	Grassland
	0.043
	1.0

	5
	Water
	0.0
	0.0

	7
	Barren
	1.0
	1.0

	8
	Impervious
	0.0
	0.0


[bookmark: OLE_LINK17]Table S7. Linkage Mapper natural-break classification summary
Ecological sources, classified by CF_Central
	Year
	Class
	Lower bound
	Upper bound
	Count

	1990
	General sources
	21.99999956
	55.958769
	10

	1990
	Secondary sources
	55.958769
	95.048538
	12

	1990
	Primary sources
	95.048538
	169.536973
	1

	2000
	General sources
	28.00001
	106.531341
	21

	2000
	Secondary sources
	106.531341
	193.631533
	7

	2000
	Primary sources
	193.631533
	253.20312
	1

	2010
	General sources
	35.0
	105.628898
	19

	2010
	Secondary sources
	105.628898
	266.659117
	15

	2010
	Primary sources
	266.659117
	411.900277
	2

	2024
	General sources
	14.129117
	29.881284
	9

	2024
	Secondary sources
	29.881284
	43.667666
	4

	2024
	Primary sources
	43.667666
	63.365596
	1


Ecological corridors, classified by Current_Flow_Centrality
	Year
	Class
	Lower bound
	Upper bound
	Count

	1990
	Tertiary corridors
	6.0408201
	22.0
	11

	1990
	Secondary corridors
	22.0
	42.730202
	13

	1990
	Primary corridors
	42.730202
	78.312202
	11

	2000
	Tertiary corridors
	7.4047
	45.628899
	30

	2000
	Secondary corridors
	45.628899
	85.336601
	16

	2000
	Primary corridors
	85.336601
	147.097
	3

	2010
	Tertiary corridors
	10.3051
	59.536201
	39

	2010
	Secondary corridors
	59.536201
	130.056
	19

	2010
	Primary corridors
	130.056
	243.912003
	4

	2024
	Tertiary corridors
	3.24473
	10.6999
	12

	2024
	Secondary corridors
	10.6999
	19.459801
	8

	2024
	Primary corridors
	19.459801
	35.078899
	4


Table S8. OWA conservation efficiency by scenario and period
	Year
	Scenario
	alpha
	WY
	SR
	CS
	HQ
	TN
	TP
	Average

	1990
	S1
	0.001
	0.9192
	0.917
	1.1081
	0.4165
	1.554
	1.4593
	1.0624

	1990
	S2
	0.1
	1.0979
	1.0952
	1.1071
	0.8674
	1.5016
	1.4276
	1.1828

	1990
	S3
	0.5
	1.1886
	1.2651
	1.1058
	1.1046
	1.4318
	1.3834
	1.2466

	1990
	S4
	1.0
	1.2112
	1.329
	1.1051
	1.1682
	1.4035
	1.366
	1.2638

	1990
	S5
	2.0
	1.2782
	1.4185
	1.0589
	1.3082
	1.3712
	1.3316
	1.2944

	1990
	S6
	10.0
	1.1591
	1.8105
	1.0865
	1.7615
	0.5523
	0.7125
	1.1804

	1990
	S7
	1000.0
	1.1129
	1.7897
	1.0968
	1.7683
	0.4893
	0.6685
	1.1542

	2000
	S1
	0.001
	1.0032
	0.978
	1.1453
	0.5423
	1.4296
	1.3527
	1.0752

	2000
	S2
	0.1
	1.0761
	1.0609
	1.1444
	0.6938
	1.4798
	1.397
	1.142

	2000
	S3
	0.5
	1.1589
	1.2271
	1.1408
	0.9608
	1.4389
	1.3764
	1.2171

	2000
	S4
	1.0
	1.178
	1.293
	1.1374
	1.0463
	1.4185
	1.3666
	1.24

	2000
	S5
	2.0
	1.3333
	1.1882
	1.0023
	1.222
	1.4833
	1.3602
	1.2649

	2000
	S6
	10.0
	0.9773
	1.6384
	1.051
	1.8137
	0.4674
	0.626
	1.0956

	2000
	S7
	1000.0
	0.9278
	1.6064
	1.0543
	1.8242
	0.3999
	0.5784
	1.0652

	2010
	S1
	0.001
	0.9314
	0.9448
	1.156
	0.5367
	1.4865
	1.3725
	1.0713

	2010
	S2
	0.1
	0.9949
	1.0263
	1.1549
	0.7165
	1.5101
	1.3958
	1.1331

	2010
	S3
	0.5
	1.0599
	1.1758
	1.1513
	0.9615
	1.4748
	1.3813
	1.2007

	2010
	S4
	1.0
	1.0706
	1.2181
	1.1472
	1.0222
	1.468
	1.3827
	1.2181

	2010
	S5
	2.0
	1.2101
	1.0999
	1.0069
	1.1617
	1.5589
	1.3957
	1.2389

	2010
	S6
	10.0
	0.9265
	1.5696
	1.0397
	1.7936
	0.429
	0.595
	1.0589

	2010
	S7
	1000.0
	0.9025
	1.5204
	1.0359
	1.8022
	0.386
	0.5604
	1.0346

	2024
	S1
	0.001
	0.9995
	1.1508
	1.1867
	0.6427
	1.2793
	1.2437
	1.0838

	2024
	S2
	0.1
	1.0693
	1.2459
	1.1857
	0.8519
	1.3197
	1.279
	1.1586

	2024
	S3
	0.5
	1.101
	1.3523
	1.1825
	1.0333
	1.3258
	1.2903
	1.2142

	2024
	S4
	1.0
	1.0947
	1.3879
	1.1782
	1.0878
	1.3464
	1.3073
	1.2337

	2024
	S5
	2.0
	1.2196
	1.3258
	1.0456
	1.244
	1.4584
	1.3436
	1.2729

	2024
	S6
	10.0
	0.8755
	1.7655
	1.136
	1.7599
	0.4984
	0.7023
	1.1229

	2024
	S7
	1000.0
	0.8919
	1.6578
	1.1127
	1.764
	0.4927
	0.6799
	1.0998



[bookmark: OLE_LINK13]Table S9. ArcMap natural-break reclassification statistics for corridor length share and source area
	Year
	Feature
	Class
	Count
	Area_km2
	Area_share_%
	Length_km
	Length_share_%

	1990
	Ecological sources
	General sources
	1181
	1348.256
	14.67
	
	

	1990
	Ecological sources
	Primary sources
	4683
	6172.929
	67.16
	
	

	1990
	Ecological sources
	Secondary sources
	2299
	1669.609
	18.17
	
	

	1990
	Ecological corridors
	Primary corridors
	11
	
	
	239.862
	31.73

	1990
	Ecological corridors
	Secondary corridors
	13
	
	
	383.163
	50.69

	1990
	Ecological corridors
	Tertiary corridors
	11
	
	
	132.891
	17.58

	2000
	Ecological sources
	General sources
	3980
	2945.187
	41.22
	
	

	2000
	Ecological sources
	Primary sources
	2032
	2471.051
	34.59
	
	

	2000
	Ecological sources
	Secondary sources
	2237
	1728.594
	24.19
	
	

	2000
	Ecological corridors
	Primary corridors
	3
	
	
	2.89
	0.57

	2000
	Ecological corridors
	Secondary corridors
	17
	
	
	171.338
	33.84

	2000
	Ecological corridors
	Tertiary corridors
	29
	
	
	332.14
	65.59

	2010
	Ecological sources
	General sources
	3687
	2610.305
	39.51
	
	

	2010
	Ecological sources
	Primary sources
	1847
	1939.826
	29.36
	
	

	2010
	Ecological sources
	Secondary sources
	2576
	2057.0
	31.13
	
	

	2010
	Ecological corridors
	Primary corridors
	4
	
	
	69.904
	5.35

	2010
	Ecological corridors
	Secondary corridors
	18
	
	
	105.76
	8.09

	2010
	Ecological corridors
	Tertiary corridors
	40
	
	
	1131.651
	86.56

	2024
	Ecological sources
	General sources
	1814
	1171.823
	20.02
	
	

	2024
	Ecological sources
	Primary sources
	3118
	2781.469
	47.53
	
	

	2024
	Ecological sources
	Secondary sources
	2406
	1899.121
	32.45
	
	

	2024
	Ecological corridors
	Primary corridors
	4
	
	
	61.848
	7.73

	2024
	Ecological corridors
	Secondary corridors
	8
	
	
	151.421
	18.92

	2024
	Ecological corridors
	Tertiary corridors
	12
	
	
	587.192
	73.36


Table S10. Summary of OWA sensitivity analyses
	Sensitivity dimension
	Key result
	Robustness

	Risk coefficient α=0.1-1
	Spearman ≥0.95; Kappa ≥0.89; priority overlap ≥93%
	High

	Risk coefficient α=0.5
	Spearman 0.9933; Kappa 0.9336; overlap 97.4%
	Very high

	Selected scenario S5 (α=2)
	Spearman 0.8953; Kappa 0.5990; overlap 61.9%
	Moderate

	Risk coefficient α≥10
	Kappa <0; overlap 14-16%; aggregation becomes minimum-type
	Unstable

	Leave-one-out A3
	Mean overlap 71.3%; baseline overlap 53.8%
	Most sensitive

	Leave-one-out A6
	Mean overlap 92.1%
	Most stable

	Input noise σ=0.10
	Spearman 0.9904; class-change rate 5.5%
	Very high

	Threshold q20/q80
	Nested priority areas for 15-30% thresholds; overlap 75-100%
	High

	Z-score normalization
	Spearman 0.9506; overlap 82.7%
	Moderate

	Rank normalization
	Spearman 0.8386; overlap 54.9%
	Low

	Per-pixel vector normalization
	Spearman 0.5109; overlap 51.9%
	Low



Table S11. Resistance-surface sensitivity summary
S12a. Current-layer metrics for the baseline and three alternative resistance schemes.
	Year
	Scenario
	Valid pixels
	Spearman
	nRMSE (%)
	Low-cost Dice
	High-value Dice

	1990
	res1
	2242259
	0.5986
	15.42
	0.5874
	0.5084

	1990
	res2
	2242259
	0.5285
	21.58
	0.5646
	0.4686

	1990
	res3
	2242259
	0.3226
	21.95
	0.3279
	0.4404

	2000
	res1
	2602825
	0.9197
	9.56
	0.8771
	0.8242

	2000
	res2
	2602825
	0.9630
	16.36
	0.9203
	0.8701

	2000
	res3
	2602825
	0.9902
	5.07
	0.9338
	0.9441

	2010
	res1
	2747957
	0.9629
	6.38
	0.8970
	0.9025

	2010
	res2
	2747957
	0.9568
	15.57
	0.9065
	0.8816

	2010
	res3
	2747957
	0.9826
	4.28
	0.9245
	0.9398

	2024
	res1
	2429022
	0.9562
	8.30
	0.8602
	0.7819

	2024
	res2
	2429022
	0.9014
	19.14
	0.8607
	0.7328

	2024
	res3
	2429022
	0.9404
	9.58
	0.8911
	0.8278



S12b. Corridor length, formal natural-break grade shares and source connectivity.
	Year
	Scenario
	Length km
	Tertiary %
	Secondary %
	Primary %
	Source pairs
	Components

	1990
	res0
	755.904
	17.58
	50.69
	31.73
	35
	1

	1990
	res1
	903.427
	70.41
	29.01
	0.58
	41
	1

	1990
	res2
	1230.204
	94.41
	4.55
	1.04
	39
	1

	1990
	res3
	757.271
	91.48
	8.52
	0.00
	23
	1

	2000
	res0
	779.017
	59.74
	39.90
	0.36
	51
	1

	2000
	res1
	787.910
	87.46
	12.19
	0.35
	53
	1

	2000
	res2
	948.787
	86.46
	12.25
	1.29
	47
	1

	2000
	res3
	762.310
	62.50
	35.90
	1.60
	51
	1

	2010
	res0
	1847.253
	96.95
	2.99
	0.06
	70
	1

	2010
	res1
	1793.654
	97.85
	2.09
	0.06
	73
	1

	2010
	res2
	1501.111
	65.93
	33.88
	0.19
	63
	1

	2010
	res3
	1743.984
	87.08
	12.86
	0.06
	69
	1

	2024
	res0
	800.450
	73.36
	18.92
	7.73
	24
	1

	2024
	res1
	797.987
	66.98
	31.51
	1.51
	24
	1

	2024
	res2
	763.530
	77.76
	8.45
	13.79
	21
	1

	2024
	res3
	757.271
	78.20
	12.72
	9.09
	23
	1



S12c. Primary corridor spatial overlap under the formal year-specific thresholds.
	Year
	Scenario
	Baseline links
	Scenario links
	Dice

	1990
	res1
	11
	4
	0.0029

	1990
	res2
	11
	6
	0.0046

	1990
	res3
	11
	0
	0.0000

	2000
	res1
	3
	3
	0.9630

	2000
	res2
	3
	4
	0.3913

	2000
	res3
	3
	4
	0.3913

	2010
	res1
	3
	3
	1.0000

	2010
	res2
	3
	4
	0.6341

	2010
	res3
	3
	3
	1.0000

	2024
	res1
	4
	3
	0.1885

	2024
	res2
	4
	7
	0.7210

	2024
	res3
	4
	6
	0.9196


S12d. Current-flow centrality rank correlation on source pairs common to all four schemes.
	Year
	Scenario
	Common pairs
	Spearman
	p

	1990
	res1
	4
	1.0000
	0

	1990
	res2
	4
	1.0000
	0

	1990
	res3
	4
	-0.8000
	0.2

	2000
	res1
	46
	0.9872
	1.06e-36

	2000
	res2
	46
	0.9238
	5.87e-20

	2000
	res3
	46
	0.9926
	6.2e-42

	2010
	res1
	63
	0.9843
	1.27e-47

	2010
	res2
	63
	0.9542
	1.18e-33

	2010
	res3
	63
	0.9734
	9.53e-41

	2024
	res1
	20
	0.9744
	4.04e-13

	2024
	res2
	20
	0.9744
	4.04e-13

	2024
	res3
	20
	0.9714
	1.09e-12




