Supplementary Materials
Supplementary Tables S1–S5 supporting the manuscript
“Long-term urban expansion, land-cover transitions and estimated ecosystem service value in Kathmandu Valley, Nepal, 1988–2024”
Table S1. Classification accuracy of the published LULC dataset for Kathmandu Valley.
	Observation year
	Overall accuracy

	1988
	95%

	1992
	91%

	2000
	90%

	2008
	95%

	2016
	92%

	2024
	92%


Note: Overall accuracy values are reported by Rimal et al. (2025) and are reproduced here to document the source dataset. They were not independently calculated in the present study. Source: Rimal et al. (2025).
Table S2. Overall Kappa statistics reported for the published LULC transition periods.
	Transition period
	Kappa

	1988–1992
	0.9758

	1992–2000
	0.9399

	2000–2008
	0.9570

	2008–2016
	0.9409

	2016–2024
	0.8890


Note: Kappa statistics are reported by Rimal et al. (2025) for the published LULC dataset and are not independent accuracy assessments conducted in the present study. Source: Rimal et al. (2025).

Table S3. Full LULC transition matrices for Kathmandu Valley, 1988–2024 (km²).
	Period
	Source class
	Built-up
	Cropland
	Vegetation
	Other land
	Waterbody

	1988–1992
	Built-up
	37.75
	0.17
	0.05
	0.01
	0.01

	
	Cropland
	2.58
	407.56
	6.26
	1.14
	0.78

	
	Vegetation
	0.09
	8.92
	221.27
	0.10
	0.31

	
	Other land
	0.10
	0.41
	0.05
	1.03
	0.38

	
	Waterbody
	0.17
	0.64
	0.04
	0.40
	4.04

	1992–2000
	Built-up
	40.42
	0.09
	0.13
	0.01
	0.05

	
	Cropland
	31.90
	370.52
	13.54
	0.67
	1.06

	
	Vegetation
	0.14
	9.33
	218.03
	0.11
	0.05

	
	Other land
	0.94
	0.45
	0.17
	0.83
	0.29

	
	Waterbody
	0.50
	0.52
	0.25
	0.41
	3.84

	2000–2008
	Built-up
	73.61
	0.07
	0.07
	0.09
	0.06

	
	Cropland
	20.48
	347.51
	12.19
	0.62
	0.11

	
	Vegetation
	0.51
	8.44
	223.00
	0.08
	0.10

	
	Other land
	0.37
	0.51
	0.15
	0.86
	0.13

	
	Waterbody
	0.48
	0.10
	0.00
	1.69
	3.04

	2008–2016
	Built-up
	95.13
	0.10
	0.14
	0.07
	0.02

	
	Cropland
	40.97
	305.49
	9.31
	0.49
	0.36

	
	Vegetation
	1.67
	7.33
	226.40
	0.01
	0.01

	
	Other land
	0.50
	0.62
	0.34
	1.28
	0.60

	
	Waterbody
	0.10
	0.25
	0.08
	0.01
	3.01

	2016–2024
	Built-up
	133.37
	2.34
	1.58
	0.81
	0.27

	
	Cropland
	59.45
	226.50
	25.53
	1.62
	0.68

	
	Vegetation
	4.40
	16.06
	215.01
	0.78
	0.07

	
	Other land
	0.09
	0.10
	0.02
	0.17
	0.01

	
	Waterbody
	0.10
	0.09
	0.03
	0.17
	3.59


Note: Values represent transition areas in km². Rows represent source LULC classes and columns represent destination LULC classes. The matrices reproduce the published transition information reported by Rimal et al. (2025). Source: Reproduced from the published transition matrices reported by Rimal et al. (2025).
Table S4. Detailed calculations of estimated annual ecosystem service value by LULC category and observation year.
	LULC class
	Year
	Area (km²)
	Area (ha)
	Coefficient (USD ha⁻¹ yr⁻¹)
	ESV (USD million yr⁻¹)

	Built-up
	1988
	37.98
	3798.00
	0.00
	0.0000

	Built-up
	1992
	40.70
	4070.00
	0.00
	0.0000

	Built-up
	2000
	73.90
	7390.00
	0.00
	0.0000

	Built-up
	2008
	95.45
	9545.00
	0.00
	0.0000

	Built-up
	2016
	138.37
	13837.00
	0.00
	0.0000

	Built-up
	2024
	197.41
	19741.00
	0.00
	0.0000

	Cropland
	1988
	418.32
	41832.00
	699.37
	29.2560

	Cropland
	1992
	417.70
	41770.00
	699.37
	29.2127

	Cropland
	2000
	380.91
	38091.00
	699.37
	26.6397

	Cropland
	2008
	356.63
	35663.00
	699.37
	24.9416

	Cropland
	2016
	313.78
	31378.00
	699.37
	21.9448

	Cropland
	2024
	245.08
	24508.00
	699.37
	17.1402

	Vegetation
	1988
	230.69
	23069.00
	2168.84
	50.0330

	Vegetation
	1992
	227.67
	22767.00
	2168.84
	49.3780

	Vegetation
	2000
	232.13
	23213.00
	2168.84
	50.3453

	Vegetation
	2008
	235.40
	23540.00
	2168.84
	51.0545

	Vegetation
	2016
	236.27
	23627.00
	2168.84
	51.2432

	Vegetation
	2024
	242.17
	24217.00
	2168.84
	52.5228

	Other land
	1988
	1.97
	197.00
	0.00
	0.0000

	Other land
	1992
	2.67
	267.00
	0.00
	0.0000

	Other land
	2000
	2.02
	202.00
	0.00
	0.0000

	Other land
	2008
	3.34
	334.00
	0.00
	0.0000

	Other land
	2016
	1.86
	186.00
	0.00
	0.0000

	Other land
	2024
	5.00
	500.00
	0.00
	0.0000

	Waterbody
	1988
	5.31
	531.00
	6552.97
	3.4796

	Waterbody
	1992
	5.52
	552.00
	6552.97
	3.6172

	Waterbody
	2000
	5.30
	530.00
	6552.97
	3.4731

	Waterbody
	2008
	3.45
	345.00
	6552.97
	2.2608

	Waterbody
	2016
	3.98
	398.00
	6552.97
	2.6081

	Waterbody
	2024
	4.62
	462.00
	6552.97
	3.0275


Note: ESV was calculated by multiplying LULC area in hectares by the corresponding valuation coefficient. One km² equals 100 ha. Built-up and other land have zero coefficients under the adopted valuation framework. Calculations were performed by the authors from the published LULC statistics and adopted valuation coefficients. Source: Calculations by the authors based on LULC statistics reported by Rimal et al. (2025) and valuation coefficients from Shrestha et al. (2022).
Table S5. Sensitivity of total estimated annual ESV to alternative valuation-coefficient scenarios.
	LULC class
	Year
	Baseline coefficient (USD ha⁻¹ yr⁻¹)
	Baseline total ESV (USD million yr⁻¹)
	−50% coefficient
	−25% coefficient
	+25% coefficient
	+50% coefficient
	Coefficient dependence

	Cropland
	1988
	699.37
	82.7686
	68.1406
	75.4546
	90.0827
	97.3967
	0.353

	Cropland
	1992
	699.37
	82.2079
	67.6016
	74.9047
	89.5111
	96.8142
	0.355

	Cropland
	2000
	699.37
	80.4581
	67.1382
	73.7981
	87.1180
	93.7779
	0.331

	Cropland
	2008
	699.37
	78.2569
	65.7861
	72.0215
	84.4923
	90.7277
	0.319

	Cropland
	2016
	699.37
	75.7961
	64.8237
	70.3099
	81.2823
	86.7685
	0.290

	Cropland
	2024
	699.37
	72.6904
	64.1204
	68.4054
	76.9755
	81.2605
	0.236

	Vegetation
	1988
	2168.84
	82.7686
	57.7522
	70.2604
	95.2769
	107.7851
	0.604

	Vegetation
	1992
	2168.84
	82.2079
	57.5189
	69.8634
	94.5524
	106.8969
	0.601

	Vegetation
	2000
	2168.84
	80.4581
	55.2854
	67.8717
	93.0444
	105.6307
	0.626

	Vegetation
	2008
	2168.84
	78.2569
	52.7297
	65.4933
	91.0205
	103.7841
	0.652

	Vegetation
	2016
	2168.84
	75.7961
	50.1745
	62.9853
	88.6069
	101.4177
	0.676

	Vegetation
	2024
	2168.84
	72.6904
	46.4290
	59.5597
	85.8211
	98.9518
	0.723

	Waterbody
	1988
	6552.97
	82.7686
	81.0288
	81.8987
	83.6385
	84.5085
	0.042

	Waterbody
	1992
	6552.97
	82.2079
	80.3993
	81.3036
	83.1122
	84.0165
	0.044

	Waterbody
	2000
	6552.97
	80.4581
	78.7215
	79.5898
	81.3263
	82.1946
	0.043

	Waterbody
	2008
	6552.97
	78.2569
	77.1265
	77.6917
	78.8221
	79.3873
	0.029

	Waterbody
	2016
	6552.97
	75.7961
	74.4921
	75.1441
	76.4481
	77.1001
	0.034

	Waterbody
	2024
	6552.97
	72.6904
	71.1767
	71.9336
	73.4473
	74.2042
	0.042


Note: Scenario values represent total estimated annual ESV after independently modifying the indicated valuation coefficient by −50%, −25%, +25%, or +50%, while holding LULC areas and all other coefficients constant. Coefficient dependence represents the proportional contribution of the affected LULC category to total estimated ESV under the linear valuation model. These scenarios are coefficient-robustness tests and are not statistical confidence intervals. Source: Calculations by the authors.
