Supplementary
Appendix 1. ROC and logistic regression values of location factors in CLUE-S model.
	  Factors
LUCC
	ROC
	DEM
	Slope
	Distance to river
	Distance to railway
	Distance to city
	Distance to nature area
	Distance to road

	Crop
	0.768
	-7.42E-04
	-0.0321
	-1.69E-05
	-5.08E-06
	-0.1416
	1.15E-05
	-1.03E-06

	Forest
	0.805
	2.48E-03
	0.0293
	1.61E-05
	-5.27E-06
	0.2729
	-2.06E-05
	1.23E-05

	Grassland
	0.777
	-7.42E-04
	0.0198
	-1.31E-06
	5.89E-06
	-6.12E-03
	9.53E-07
	-5.36E-06

	Water
	0.873
	-5.07E-03
	-0.0567
	-1.23E-04
	2.83E-06
	-0.2820
	9.35E-06
	-7.00E-05

	Urban
	0.947
	-1.42E-03
	-0.1269
	-5.36E-06
	-5.24E-06
	-13.200
	-2.05E-07
	-6.19E-05

	Bare
	0.856
	9.87E-03
	-0.0145
	-1.94E-04
	-7.91E-05
	-0.881
	1.60E-05
	-2.18E-04




Appendix 2. Transferred ecosystem services value coefficients of different land use types in northern Shaanxi of 2020. Numbers indicate the transferred value of listed ecosystem services in each km2.
	Ecosystem services value (USD/km2)
	Crop
	Forest
	Grass
	Water
	Urban
	Bare

	Biodiversity
	12863
	56874
	23582
	32157
	4288
	883

	Aesthetic value
	2144
	26230
	10971
	23834
	15133
	378

	Climate regulation
	12232
	51326
	19673
	67215
	0
	630



Jianping (2004) estimated the value of biodiversity by the willingness-to-pay method in Shaanxi province. Gaodi et al. (2008) investigated ecosystem services valuation methods through a questionnaire among 700 ecologists, providing benefit transfer values for aesthetic landscape value, climate regulation and biodiversity based on different land use types. These values were improved in Xie et al. (2015). Additionally, Yuanjie et al. (2020) adjusted the benefit transfer value of ecosystem services based on previous studies and provided ecosystem services value coefficients of different land use types especially for the northern Shaanxi area.


Appendix 3. LUCC area of different scenarios
	Unit: km2
	Crop
	Forest
	Grass
	Water
	Urban
	Bare
	Restored area

	2000
	11766
	9026
	15912
	136
	130
	50
	0

	2005
	10940
	9795
	16020
	142
	153
	2
	877

	2010
	9507
	9908
	17298
	136
	202
	2
	2268

	2015
	9502
	9903
	17299
	137
	206
	5
	2272

	2020
	9307
	9789
	17506
	161
	238
	35
	2358

	2020 NMGGP
	15499
	9130
	11710
	256
	322
	54
	0

	2030
	7640
	10651
	18105
	151
	376
	51
	3818

	2030 Grass
	7639
	9901
	18854
	152
	377
	51
	3818

	2030 Forest
	7640
	11487
	17268
	150
	378
	51
	3818



Appendix 4. Quantification of ecosystem services in different years
	ESs quantification
	2000
	2005
	2010
	2015
	2020
	2020
NMGGP
	2030
	2030G
	2030F

	Grain production
(Mt)
	0.67
	0.74
	0.82
	0.72
	0.77
	1.28
	0.71
	0.71
	0.71

	Fruit production
(Mt)
	0.47
	1.01
	2.32
	2.85
	3.62
	1.24
	5.37
	3.26
	6.98

	Livestock production (kt)
	42.54
	62.79
	61.94
	52.79
	52.30
	115.34
	53.24
	53.29
	53.81

	Timber production
(M plants)
	13.44
	3.36
	6.21
	10.50
	8.29
	8.42
	7.81
	0.03
	0.07

	Carbon sequestration (Mt)
	15.38
	16.19
	16.51
	16.52
	16.41
	14.74
	17.44
	16.78
	18.22

	Sediment retention (Mt)
	49.87
	49.94
	50.07
	50.07
	73.24
	40.71
	64.19
	58.27
	70.78

	Water yield
(Mt)
	402.61
	403.65
	531.55
	469.59
	613.60
	390.95
	409.80
	422.86
	342.58






Appendix 5. NPV calculation from 2000 until 2020
	Year
	TMV
(M$)
	Benefit
(M$)
	Fixed
COST (M$)
	Discount Rate
	NPV
(M$)
	B/C
	IRR

	2000
	6,619.07
	-
	-
		3.10%
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	2001
	6,895.20
	276.13
	80.24
	
	195.89
	1.41
	-84.78%

	2002
	7,171.33
	276.13
	80.79
	
	379.66
	1.41
	-53.27%

	2003
	7,447.45
	276.13
	82.52
	
	556.32
	1.42
	-32.23%

	2004
	7,723.58
	276.13
	85.27
	
	725.24
	1.42
	-19.21%

	2005
	7,999.71
	276.13
	86.68
	
	887.86
	1.43
	-10.81%

	2006
	8,844.89
	845.18
	140.43
	
	1,474.66
	1.33
	4.07%

	2007
	9,690.07
	845.18
	148.01
	
	2,037.69
	1.30
	10.88%

	2008
	10,535.25
	845.18
	156.70
	
	2,576.98
	1.28
	14.83%

	2009
	11,380.44
	845.18
	158.20
	
	3,098.92
	1.27
	17.36%

	2010
	12,225.62
	845.18
	164.16
	
	3,600.77
	1.27
	19.05%

	2011
	12,527.49
	301.87
	0.38
	
	3,816.26
	1.25
	19.59%

	2012
	12,829.37
	301.87
	0.39
	
	4,025.27
	1.24
	20.01%

	2013
	13,131.24
	301.87
	0.40
	
	4,227.98
	1.22
	20.33%

	2014
	13,433.12
	301.87
	0.41
	
	4,424.59
	1.21
	20.57%

	2015
	13,734.99
	301.87
	0.42
	
	4,615.29
	1.20
	20.76%

	2016
	14,470.54
	735.55
	12.26
	
	5,059.07
	1.18
	21.11%

	2017
	15,206.09
	735.55
	12.34
	
	5,489.47
	1.16
	21.38%

	2018
	15,941.63
	735.55
	12.59
	
	5,906.78
	1.15
	21.58%

	2019
	16,677.18
	735.55
	12.87
	
	6,311.38
	1.14
	21.73%

	2020
	17,412.73
	735.55
	13.16
	
	6,703.66
	1.13
	21.85%








Appendix 6. NPV calculation of 2020 NMGGP scenario
	Year
	TMV
(M$)
	Benefit
(M$)
	Discount Rate
	Net Benefit
(M$)
	NPV
(M$)

	2000
	5,947.87
	-
	3.10%
	-
	-

	2001
	6,233.47
	285.60
	
	277.01
	285.60

	2002
	6,519.07
	285.60
	
	268.69
	554.29

	2003
	6,804.68
	285.60
	
	260.61
	814.89

	2004
	7,090.28
	285.60
	
	252.77
	1,067.66

	2005
	7,375.88
	285.60
	
	245.17
	1,312.84

	2006
	7,661.48
	285.60
	
	237.80
	1,550.63

	2007
	7,947.08
	285.60
	
	230.65
	1,781.28

	2008
	8,232.69
	285.60
	
	223.71
	2,005.00

	2009
	8,518.29
	285.60
	
	216.99
	2,221.98

	2010
	8,803.89
	285.60
	
	210.46
	2,432.45

	2011
	9,089.49
	285.60
	
	204.13
	2,636.58

	2012
	9,375.09
	285.60
	
	198.00
	2,834.58

	2013
	9,660.70
	285.60
	
	192.04
	3,026.62

	2014
	9,946.30
	285.60
	
	186.27
	3,212.89

	2015
	10,231.90
	285.60
	
	180.67
	3,393.56

	2016
	10,517.50
	285.60
	
	175.24
	3,568.79

	2017
	10,803.11
	285.60
	
	169.97
	3,738.76

	2018
	11,088.71
	285.60
	
	164.86
	3,903.61

	2019
	11,374.31
	285.60
	
	159.90
	4,063.51

	2020
	11,659.91
	285.60
	
	155.09
	4,218.61






Appendix 7. NPV calculation of 2030 scenarios
	Year
	TMV
(M$)
	Benefit
(M$)
	Fixed
COST (M$)
	Discount Rate
	NPV
(M$)
	B/C
	IRR

	2020
	17,412.73
	0.00
	0.00
	3.10%
	
	
	

	2021
	18,114.24
	701.51
	109.44
	
	574.27
	5.25
	-52.10%

	2022
	18,815.74
	701.51
	111.76
	
	1,129.08
	5.10
	-3.93%

	2023
	19,517.25
	701.51
	114.08
	
	1,665.10
	4.97
	18.66%

	2024
	20,218.76
	701.51
	116.40
	
	2,182.94
	4.83
	29.82%

	2025
	20,920.26
	701.51
	118.73
	
	2,683.22
	4.70
	35.77%

	2026
	21,621.77
	701.51
	121.05
	
	3,166.52
	4.58
	39.15%

	2027
	22,323.28
	701.51
	123.37
	
	3,633.42
	4.46
	41.14%

	2028
	23,024.78
	701.51
	125.69
	
	4,084.45
	4.34
	42.36%

	2029
	23,726.29
	701.51
	128.01
	
	4,520.17
	4.23
	43.12%

	2030
	24,427.80
	701.51
	130.34
	
	4,941.07
	4.12
	43.60%

	2021F
	18,415.07
	1002.34
	109.44
	
	866.06
	7.91
	-27.76%

	2022F
	19,417.42
	1002.34
	111.76
	
	1,703.89
	7.70
	27.19%

	2023F
	20,419.76
	1002.34
	114.08
	
	2,514.42
	7.50
	49.35%

	2024F
	21,422.11
	1002.34
	116.40
	
	3,298.51
	7.30
	59.11%

	2025F
	22,424.45
	1002.34
	118.73
	
	4,057.04
	7.11
	63.79%

	2026F
	23,426.80
	1002.34
	121.05
	
	4,790.83
	6.93
	66.17%

	2027F
	24,429.14
	1002.34
	123.37
	
	5,500.68
	6.75
	67.43%

	2028F
	25,431.48
	1002.34
	125.69
	
	6,187.36
	6.58
	68.11%

	2029F
	26,433.83
	1002.34
	128.01
	
	6,851.64
	6.41
	68.49%

	2030F
	27,436.17
	1002.34
	130.34
	
	7,494.23
	6.25
	68.70%

	2021G
	17,775.01
	362.28
	109.44
	
	245.24
	2.24
	-79.54%

	2022G
	18,137.30
	362.28
	111.76
	
	480.93
	2.17
	-44.27%

	2023G
	18,499.58
	362.28
	114.08
	
	707.41
	2.11
	-22.61%

	2024G
	18,861.87
	362.28
	116.40
	
	925.02
	2.05
	-9.80%

	2025G
	19,224.15
	362.28
	118.73
	
	1,134.10
	1.99
	-1.87%

	2026G
	19,586.43
	362.28
	121.05
	
	1,334.96
	1.93
	3.27%

	2027G
	19,948.72
	362.28
	123.37
	
	1,527.90
	1.88
	6.75%

	2028G
	20,311.00
	362.28
	125.69
	
	1,713.23
	1.82
	9.18%

	2029G
	20,673.28
	362.28
	128.01
	
	1,891.21
	1.77
	10.92%

	2030G
	21,035.57
	362.28
	130.34
	
	2,062.14
	1.72
	12.20%
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