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Data acquisition
Based on the 47-year land cover data, land use changes over time and corresponding ecosystem service changes were examined together. In this study, land type was divided into seven categories: urban land, crop land, forest land, grass land, golf course, bare land, and water. For 1989 and 1998, data were based on Landsat TM data, and in 2009 and 2019, Landsat 8 data were used to correct land conditions.

Method
Habitat Quality
The index is calculated using the following equation:
   (1),
[bookmark: _Hlk106119729]where  is the habitat quality value of grid cell  of LULC class .  demonstrates the habitat suitability of the  LULC class.  is the total threat level in grid cell  with LULC .  is the half-saturation constant, which we set to 0.5. z is the normalized constant. The decrease in habitat quality due to threat factor distance will be reduced as a linear or exponential function, which is chosen by the user (Sharp et al., 2020). The threats and sensitivity tables were established by utilizing data proposed by experts who have experienced practical work in the environmental field (e.g., biodiversity, environmental ecology, environmental planning, and environmental geography information) for more than 10 years (KEI, 2015). The sensitivity and threat scores used to evaluate HQ are shown in Table S4 and S5.

Carbon Stock
In the CS model, the amount of carbon storage provided by the study site was estimated using LULC and carbon pool coefficients based on previously published values (Roh et al., 2016) (Table S6).

Water Yield
The model requires several variables, including LULC, average annual precipitation (mm), average annual reference evapotranspiration (mm), average root restricting layer depth (mm), plant available water content (mm), and study site watershed. Because the WY model calculates water yield as an annual average, it is difficult to consider extremes, alternative effective evapotranspiration, and thermal dimensions (Redhead et al., 2016). Model calculations used the following equation:
   (2),
where  is the total annual water yield in each grid cell x.  represents annual actual evapotranspiration for cell x, and  is annual precipitation for cell x.
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Fig S1. Land use and land cover from 1973 to 2019 on Jeju Island, Republic of Korea.

Table S1. Total land use and land cover (LULC) change
	
	1973
	1989
	1998
	2009
	2019

	LULC
	Area (km2)
	%
	Area (km2)
	%
	Area (km2)
	%
	Area (km2)
	%
	Area (km2)
	%

	Urban land
	47.5
	2.6
	81.32
	4.43
	99.72
	5.41
	107.76
	5.85
	190.07
	10.32

	Crop land
	512.43
	27.98
	363.71
	19.8
	378.59
	20.53
	810.12
	43.93
	605.75
	32.89

	Forest land
	409.83
	22.38
	920.95
	50.14
	1032.01
	55.95
	639.15
	34.66
	696.5
	37.81

	Grass land
	826.45
	45.12
	462.58
	25.19
	317.42
	17.21
	259.33
	14.07
	317.31
	17.23

	Golf course
	0
	0
	1.05
	0.06
	2.39
	0.13
	12.33
	0.67
	12.87
	0.7

	Bare land
	34.93
	1.91
	6.54
	0.36
	13.92
	0.76
	13.55
	0.74
	17.4
	0.95

	Water
	0.64
	0.04
	0.81
	0.05
	0.77
	0.05
	1.9
	0.11
	2.34
	0.13

	Total
	1831.78
	100
	1836.96
	100
	1844.82
	100
	1844.14
	100
	1842.24
	100



Table S2. Land use and land cover (LULC) change by area
	Coast
	

	LULC
	1973
	1989
	1998
	2009
	2019
	1989–1973
	1998–1989
	2009–1998
	2019–2009

	
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)

	Urban land
	44.08
	4.42
	75.31
	7.51
	93.65
	9.27
	95.72
	9.48
	163.18
	16.19
	31.23
	18.34
	2.07
	67.46

	Crop land
	485.03
	48.62
	309.53
	30.87
	294.6
	29.15
	671.8
	66.51
	533.8
	52.95
	-175.5
	-14.93
	377.2
	-138

	Forest land
	108.38
	10.87
	409.59
	40.85
	479.32
	47.43
	130.77
	12.95
	177.43
	17.6
	301.21
	69.73
	-348.55
	46.66

	Grass land
	324.84
	32.56
	201.8
	20.13
	129.42
	12.81
	97.1
	9.62
	118.24
	11.73
	-123.04
	-72.38
	-32.32
	21.14

	Golf course
	0
	0
	0
	0
	0.89
	0.09
	2.49
	0.25
	2.49
	0.25
	0
	0.89
	1.6
	0

	Bare land
	34.74
	3.49
	5.88
	0.59
	12.13
	1.21
	11.02
	1.1
	11
	1.1
	-28.86
	6.25
	-1.11
	-0.02

	Water
	0.64
	0.07
	0.78
	0.08
	0.73
	0.08
	1.18
	0.12
	2.05
	0.21
	0.14
	-0.05
	0.45
	0.87

	Mid-mountain
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	LULC
	1973
	1989
	1998
	2009
	2019
	1989–1973
	1998–1989
	2009–1998
	2019–2009

	
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)

	Urban land
	2.92
	0.5
	5.5
	0.94
	5.55
	0.95
	11.33
	1.93
	26.07
	4.43
	2.58
	0.05
	5.78
	14.74

	Crop land
	27.4
	4.66
	53.68
	9.12
	82.11
	13.95
	136.87
	23.25
	71.71
	12.18
	26.28
	28.43
	54.76
	-65.16

	Forest land
	98.18
	16.68
	286.55
	48.67
	321.42
	54.59
	277.83
	47.19
	299.67
	50.89
	188.37
	34.87
	-43.59
	21.84

	Grass land
	460.19
	78.15
	241.48
	41.01
	176.55
	29.99
	150.58
	25.58
	175.5
	29.81
	-218.71
	-64.93
	-25.97
	24.92

	Golf course
	0
	0
	1.04
	0.18
	1.49
	0.26
	9.26
	1.58
	9.81
	1.67
	1.04
	0.45
	7.77
	0.55

	Bare land
	0.19
	0.04
	0.59
	0.11
	1.73
	0.3
	2.34
	0.4
	5.9
	1.01
	0.4
	1.14
	0.61
	3.56

	Water
	0
	0
	0.03
	0.01
	0.02
	0.01
	0.66
	0.12
	0.26
	0.05
	0.03
	-0.01
	0.64
	-0.4

	Mountain
	

	LULC
	1973
	1989
	1998
	2009
	2019
	1989–1973
	1998–1989
	2009–1998
	2019–2009

	
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)
	%
	Area
(km2)

	Urban land
	0.5
	0.21
	0.51
	0.21
	0.52
	0.22
	0.7
	0.29
	0.83
	0.34
	0.01
	0.01
	0.18
	0.13

	Crop land
	0
	0
	0.5
	0.21
	1.88
	0.77
	1.45
	0.6
	0.25
	0.11
	0.5
	1.38
	-0.43
	-1.2

	Forest land
	203.28
	82.91
	224.81
	91.69
	231.27
	94.33
	230.55
	94.03
	219.4
	89.48
	21.53
	6.46
	-0.72
	-11.15

	Grass land
	41.42
	16.9
	19.3
	7.88
	11.44
	4.67
	11.65
	4.76
	23.58
	9.62
	-22.12
	-7.86
	0.21
	11.93

	Golf course
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.59
	0.25
	0.59
	0.25
	0.01
	0
	0.58
	0

	Bare land
	0
	0
	0.06
	0.03
	0.06
	0.03
	0.2
	0.09
	0.51
	0.21
	0.06
	0
	0.14
	0.31

	Water
	0
	0
	0.01
	0.01
	0.01
	0.01
	0.06
	0.03
	0.04
	0.02
	0.01
	0
	0.05
	-0.02


Table S3. Changes in cumulative viewshed on Jeju Island during 1973–2019.   
	Percentage
	Region
	1973 (%)
	1989 (%)
	1998 (%)
	2009 (%)
	2019 (%)

	0–5
	Jeju-si
	56.89
	57.11
	58.18
	58.23
	58.29

	
	Seogwipo-si
	44.35
	44.68
	44.97
	45.32
	45.37

	5–10
	Jeju-si
	23.43
	24.72
	24.84
	25.53
	25.53

	
	Seogwipo-si
	32.22
	32.18
	32.09
	31.93
	31.93

	10–20
	Jeju-si
	12.49
	11.78
	11.08
	10.74
	10.68

	
	Seogwipo-si
	17
	16.78
	16.61
	16.44
	16.38

	20–30
	Jeju-si
	3.84
	3.28
	2.98
	2.71
	2.7

	
	Seogwipo-si
	3.26
	3.22
	3.21
	3.19
	3.19

	30–50
	Jeju-si
	2.33
	2.13
	2
	1.92
	1.92

	
	Seogwipo-si
	2.78
	2.76
	2.75
	2.75
	2.75

	50–100
	Jeju-si
	1.04
	1.01
	0.95
	0.9
	0.9

	
	Seogwipo-si
	0.41
	0.41
	0.4
	0.4
	0.4




Table S4. Habitat quality sensitivity score
	LULC
	HABITAT
	L_urban
	L_crop
	L_industry

	Urban land
	0
	0
	0
	0

	Crop land
	0.3
	0.69
	0.03
	0.75

	Forest land
	1
	0.8
	0.65
	0.85

	Grass land
	1
	0.65
	0.57
	0.7

	Golf course
	0.5
	0.5
	0.42
	0.5

	Bare land
	0.3
	0.05
	0.15
	0.03

	Water
	0.7
	0.73
	0.65
	0.75




Table S5. Habitat quality threat score
	MAX_DIST
	WEIGHT
	THREAT
	DECAY

	6.8
	1
	Urban
	Exponential

	4
	0.68
	Crop
	Linear

	7.5
	1
	Industry
	Exponential







Table S6. Carbon stock 
	LULC
	C_above
	C_below
	C_soil
	C_dead

	Urban land
	0.2
	0.59
	33
	0

	Crop land
	5.2
	0.89
	60
	1.7

	Forest land
	102.6
	47.2
	65.55
	31.25

	Grass land
	0.33
	0.89
	80.52
	0.2

	Golf course
	0.1
	0.5
	70
	0.1

	Bare land
	0
	0.33
	0.33
	0

	Water
	0
	0
	0
	0



Table S7. Water yield
	LULC
	Kc
	root_depth
	usle_c
	usle_p
	load_p
	eff_p
	LULC_veg

	Urban land
	0.3
	500
	1
	1
	3200
	5
	0

	Crop land
	0.7
	2000
	250
	350
	1500
	25
	1

	Forest land
	1
	7000
	7000
	200
	11
	75
	1

	Grass land
	0.8
	2000
	2000
	200
	50
	40
	1

	Bare land
	0.6
	1000
	1000
	100
	50
	40
	1

	Bare land
	0.2
	500
	10
	200
	50
	5
	1

	Water
	1
	1000
	1
	1
	1
	5
	0



Table S8. Average annual precipitation (mm)
	
	Jeju (point 1)
	Seongsan (point 2)
	Seogwipo (point 3)
	Gosan (point 4)
	Total average

	1973
	1217.5
	1595.3
	1531.3
	-
	1448.03

	1989
	1358.6
	1696.1
	1681.9
	1081.5
	1454.53

	1998
	1581.1
	2235.9
	2091.9
	1050.4
	1739.82

	2009
	859.1
	1364
	1086.6
	697.1
	1001.7

	2019
	1979.9
	2658.1
	2210.3
	1560.9
	2102.3



Figure S2. Cumulative viewshed
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Fig S3. Cryptomeria japonica seedlings being planted during the National Forestation Plan, afforestation, and current status. a) seedling transplant, b) seedling trampling, c) seedling digging, d) seedling temporary planting, e) afforestation of Nori-oreum in 1973, f) current Nori-oreum, g) afforestation of Buk-oreum in 1973, h) current Buk-oreum. Oreum is local dialect for a formation “created by small volcanic activity.”. from Jeju Province (2006) Jeju Forest 60 Years History. Jeju: Jeju Province. Image reused with permission.
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