Assessing potential landscape service trade-offs driven by urbanization in Switzerland
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ESM 1 Supplementary Methods
[bookmark: _heading=h.3znysh7]    ESM 1.1 Preparation of predictor data
ESM 1.1.1 Stable predictors
All three topographic predictors and two accessibility predictors were assumed to be stable (i.e. no or little change). Elevation and slope were derived from the Swiss Digital Elevation Model, with slope calculated with the R function terrain from the “raster” package (Hijmans, 2016). March global solar radiation was also considered to be stable (Dürr et al., 2010). Public transportation accessibility was considered to be stable over time (Swiss Federal Office for Spatial Development (ARE), 2013), not because we expect it to remain the same but because of a lack of data for making appropriate predictions. The last stable predictor is distance from major roads. Major roads (larger than 3 m wide) were selected from the SwissTLM3D from Swisstopo and transformed into a raster. Using the R function distance from the “raster” package, a raster with the distances to the closest cell containing a major road was calculated. While this predictor will not stay the same until 2081, we decided that it is safer to use the current state than to try to predict any changes based on inadequate quality data. 
     
ESM 1.1.2 Dynamic predictors
SLUS based predictors
Distances to each aggregated SLUS category were calculated for each time point, including projected land use maps, using distance or the knn function from the “nabor” package in R (Elseberg et al., 2012). Neighborhoods were calculated using the focal function in the “raster” package, with a window of 9×9 cells. This step was performed for those categories where the distance or the neighborhood was expected to influence at least one transition. Some land use types were aggregated further to form a distance and neighborhood predictor based on all cells providing living space (few-family houses and multi-family houses). In addition, all lowland agricultural land use types were combined into one agricultural category.
     
Socio-economic and accessibility predictors
Employee densities (by sector)
The densities of employees for the different economic sectors were additional dynamic predictors. Each of the following steps was conducted for the primary sector individually and then for the secondary and tertiary sectors combined. Statistics were obtained for each municipality from the SFSO for the years 1995, 2001, 2005 and 2008, based on the statuses and thus boundaries of the municipalities in Switzerland as of 20 April 2008. Employee numbers were recalculated and adjusted to match the spatial delineation of the municipality boundaries as of 1 January 2017; changes were mainly due to the merging of previously separate municipalities. A linear regression model was calculated for each of the municipalities, based on the four available years, to predict employee numbers for the three SLUS years. The same regression was used to calculate the numbers for the future time points, assuming a linear trend in employee numbers as a simplification of a more complex behavior. The number of employees per municipality was divided by the area of the respective municipality to obtain employee density. Each cell within an individual municipality was thus assigned the same employee density value.
Population change
The population of each municipality was obtained from SFSO for each year starting in 1981, based on the municipality boundaries on 7 July 2016. The population values were then recalculated to fit the boundaries from 1 January 2017. Population values were averaged over the years of the respective SLUS flying periods (SLUS1: 1979–1984, SLUS2: 1992–1997 and SLUS3: 2004–2009). We decided that the change in population, rather than absolute population, is relevant for landscape transitions. Therefore, we subtracted the average population for the period at the beginning of the transition from that at the end of the transition (e.g. average population SLUS2 minus average population SLUS1) and used that difference as a predictor. Future population values were computed based on linear regressions for each municipality, as done for employee density, and assigned to the spatial borders of the municipalities. We modeled population values and derived the change from those values instead of directly modeling the population change, as many more data points were available to calibrate those models.
Distance to economic centers
Distance to economic centers is a dynamic accessibility predictor. A population threshold of 15,000 people was used to designate a municipality as an economic center. This meant inclusion of smaller centers that are important in some regions of Switzerland. For each time step, municipalities that had more inhabitants than the threshold (based on the population data described above) were determined and distances to those municipalities were computed.
Climatic predictor
Mean annual temperature was calculated for every cell in Switzerland for each of the three SLUS flying periods based on records from the Meteoswiss network of stations, using the same approach as Zimmermann and Kienast (1999). A spatial temperature model (linear) based on elevation was fitted for each SLUS year and corrected for residuals.
The future temperature distribution across Switzerland was determined using the seasonal change of the CH2011 data predicted by the Center for Climate Systems Modeling (C2SM) (CH2011, 2011; Fischer et al., 2012). The temperature change predicted for 2035, 2060 and 2081 was averaged under the A1 scenario across all three regions and seasons of the CH2011 data. Additionally, the temperature means for each of the years 1980–2010 were averaged and a model based on elevation was fitted for that data and extrapolated across all of Switzerland as a baseline (as instructed by CH2011, 2011). The predicted changes were added to the baseline, resulting in predicted temperature across Switzerland for 2035, 2060 and 2081. A linear interpolation was used to obtain the mean temperature for each of the time steps between 2009, 2035, 2060 and 2081. 

    ESM 1.2 Details of landscape service calculations
ESM 1.2.1 Housing
Housing is provided by (i) few-family houses (FFH) and (ii) multi-family houses (MFH). Values for the scaled look-up table were assigned to these two land use types based on graphical data from the Swiss Federal Statistics Office (SFSO, 2017), where a population is evaluated based on type of building people live in (people percentage) and the number of buildings of each type (buildings percentage). All people living in buildings with one or two units were considered to live in one- and two-family houses, while those living in three- to four-unit apartment buildings were considered to live in row and terrace houses. People living in buildings with five or more units were considered to live in multi-family houses. In addition, people percentage values were divided by the buildings percentage to obtain a proportional difference between the two land use types (MFH:FFH = 6:1). A weighted combination of the values for one- and two-family buildings (95%) and for row and terrace buildings (5%) determined the proportional value for the FFH land use type.

ESM 1.2.2 Jobs
Provisioning of jobs is dependent on the land use class manufacturing & service infrastructure (MSI). It was not possible to obtain further details about the distribution of jobs dependent on the location of manufacturing & service infrastructure cells, and therefore a binary look-up table was used.

ESM 1.2.3 Crop production
This service includes the production of crops from arable land (AL), as well as fruit and vegetables from orchards and horticulture and grapes from vineyards (OVH), and hay and other fodder from grasslands (G&M). Scaled values were assigned to the separate categories based on the total production of each product (SFSO, 2016) divided by the occupied area across Switzerland of the respective land use type in 2009. These values were then multiplied by a productivity factor [0.4–1] based on the agricultural zones in Switzerland (FOAG, 2017a). These zonal factors take into account climatic conditions, accessibility and topography (FOAG, 2017b). 

ESM 1.2.4 Reared animals
This service was analyzed qualitatively based on a binary look-up table, where (i) grasslands & meadows (G&M) and (ii) alpine agricultural areas (AAL) are the land use types providing this service. 

ESM 1.2.5 Forest Products
A binary look-up table was the base for calculating this service only provided by forests (FO). In addition, we used information on the average standing volume of forests in Switzerland from the National Forest Inventory NFI (Abegg et al., 2014) based on 14 NFI economic regions. The standing volumes ranged from 225 m3 ha (Southern Prealps) to 465 m3 ha (Eastern Pre-alps). Each cell containing forest was multiplied by the average standing volume (m3 ha) of the respective economic region.

ESM 1.2.6 Hazard protection by forests
Forests (FO) can protect against many natural hazards, for example landslides and floods. In Switzerland, protection against local hazards due to steep slopes in mountainous areas are of highest concern, and they were therefore the focus of this service in our study. We obtained spatial data on four important local hazards from the SilvaProtect-CH Project of the Federal Office for the Environment (FOEN) showing risk areas for snow avalanches, landslides, debris flows and rockfalls (Losey and Wehrli, 2013). We then produced a binary raster showing all areas with at least one potential hazard risk. This service is necessary where infrastructure is in danger. We considered all built-up land use types, as well as larger roads and railways, as infrastructure. An infrastructure raster was then computed containing all infrastructure cells in the 9×9 cells surrounding the focal cell. These values were normalized to range from 0 to 1. Additionally, we considered the size of a forest patch, as more trees close to each other should provide better protection than isolated groups of standing trees. Therefore, each cell containing forest was assigned a value between 0 and 1, normalized to the total number of forested cells in the surrounding 5×5 cells. The three values for each cell were then multiplied together. Therefore, no hazard protection by forests would be provided if no infrastructure was close by, no hazard risk existed, or no forest was present in the cell. In all other cases, the total protection value would be a combination of the amount of infrastructure in need of protection and the size of the forest patch.

ESM 1.2.7 Biodiversity
A scaled [0–3] look-up table was the baseline for this service. The potential values in Table 2. were adapted from those used by Burkhard et al. (2012), to suit our land use types and were associated with information from the Biodiversity Monitoring Switzerland program (BDM) (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009; FOEN, 2017). Some urban area features favor certain species and therefore lead to a positive impact on biodiversity in general (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009; Oliveira Hagen et al., 2017). However, averaged over the total urban area, biodiversity is still low compared with levels in other land use types in Switzerland (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009). Compared with the other land use types, arable land does not have a high value according to Burkhard et al. (2012) and has not been found to show overall high biodiversity (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009). Orchards, vineyards & horticulture are slightly better for biodiversity. The BDM indicators show that forests where more light falls through the leaves have, on average, more species than darker forests (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009). No density value could be easily assigned to forest cells, so this variable was approximated by the amount of forest present in the 9×9 surrounding cells. More forested area corresponds to lower biodiversity of a forest cell (values 2–3). This approach does not directly represent the density of a forest, but it considers the amount of light that may intrude because of clearings and, to a certain degree, accounts for edge effects. The BDM shows that alpine regions provide habitat for many species but with a limited spatial distribution; therefore, Switzerland has a special obligation to ensure the conservation of these species. Alpine agricultural lands (AAL) are therefore very important for biodiversity (Koordinationsstelle Biodiversitäts-Monitoring Schweiz, 2009), and they were assigned the highest value in our study. A more detailed evaluation was performed for grasslands & meadows (G&M). Grassland cells that contain dry meadow (TWW) were assigned a value of three. The biodiversity value of the remaining grasslands was determined using slope as an indicator, with grasslands on steeper slopes providing higher biodiversity (Marini et al., 2007). The final biodiversity value per cell was the sum of the potential biodiversity of the surrounding 9×9 cells.

ESM 1.2.8 Recreation
This service proved to be the most difficult to calculate spatially. This is in large part due to its nature as a cultural service, where landscape features cannot be linked as easily to service provision (Burkhard et al., 2012). Additionally, the definition of this service varies within the literature. We decided to focus on nearby recreation, which we defined as any outdoor activity that can be done within a short distance from urban areas. Kienast et al. (2012) investigated how to map nearby recreation with GIS-assistance in Switzerland and identified landscape features that influence the attractiveness of an area. We used their simplified factors (Buchecker et al., 2013) as a basis for the supply values of the scaled look-up table. In addition to the SLUS categories, river and lake raster data were used because both of these features increase the attractiveness of an area for recreation. Therefore, each cell was assigned a supply potential based on its SLUS category and the presence of a river or lake. The final supply cell value was calculated as the sum of the supply potential of the surrounding 9×9 cells.
As recreation, according to our definition, only happens close to where people live, we created a second map containing the demand for recreation. Cell based demand potential was aligned with the provisioning of housing, and the final cell demand was again the sum of the demand potential of the surrounding 9×9 cells. To make supply and demand comparable, both neighborhood values were scaled to range from zero to one. However, it is not possible to determine how much supply is necessary to satisfy the demand of a specific number of people. Normalizing both supply and demand means that the maximum amount of supply provided by a cell in Switzerland can meet the maximum demand in one cell. It is possible that this saturation threshold is actually at another level, but no data were available to account for it differently. Recreation service was mapped by comparing the supply and demand values for each cell. When supply was greater than demand, the demand value was assigned to the cell. However, the difference between supply and demand was the final cell value for each cell where demand was greater than supply. Therefore, positive values in the final map show the demand where supply can meet it, while negative values show the size of the deficit for recreational activities.
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Fig. S1 Spatial extent of the six biogeographic regions of Switzerland, which were the main spatial units of our modeling and analysis. They differ widely in the area they cover and how much of it was considered stable (water and mountainous area) in our projections

Fig. S2 Distribution of all dynamic land use types for each region in Switzerland and each time step. The dominance of semi-natural areas in all regions, the growth of forests in alpine regions, and the growth of built-up areas in all regions are apparent

EMS Tables
Table S1 Overview of all modeled land use transitions, indicating the model performance with True Skill Statistics (TSS) and listing all considered predictors. TSS are given for the external (TSS ext) and internal (TSS int) model evaluations. Predictors are sorted by descending importance for each transition based on the adjusted D2 value. Abbreviations for the predictors: sol.rad: Solar radiation; elev: Elevation; temp: Temperature; sec1: Employees sector 1; sec23: Employees sectors 2 & 3; pop: Population; road.dist: Road distance; pub.trans: Public transportation; cen.dist: Distance to economic centers. Land use categories for SLUS dependent predictors: FFH: Few-family houses; MFH: Multi-family houses; MSI: Manufacturing & service infrastructure; OVH: Orchards, vineyards & horticulture; AAL: Alpine agricultural land; for: Forests; hou: Housing; agri: Lowland agriculture. Endings for SLUS depending predictors: nei: neighborhood; dist: Distance. Abbreviations for the biogeographic regions: P: Plateau; NPa: Northern Prealps; J: Jura; SPa: Southern Prealps; ECA: Eastern Central Alps; WCA: Western Central Alps

	From 
	 To 
	 Region 
	 TSS ext
	 TSS int
	 Predictors

	Manuf. & serv. infrast.
	 Few-family houses 
	 P 
	0.3190
	0.3072
	 FFHnei / hou.dist / MSInei / pub.trans / cen.dist / pop

	Manuf. & serv. infrast.
	 Multi-family houses 
	 NPa 
	0.2383
	0.2244
	 pub.trans / MFHnei / pop / sec23 / MSInei / cen.dist

	Manuf. & serv. infrast.
	 Multi-family houses 
	 J 
	0.4411
	0.2369
	 pub.trans / MFHnei / cen.dist / MSInei / pop

	Manuf. & serv. infrast.
	 Multi-family houses 
	 P 
	0.3964
	0.3590
	 pub.trans / MFHnei / cen.dist / sec23 / pop / MSInei

	Manuf. & serv. infrast.
	 Arable land 
	 NPa 
	0.4202
	0.4052
	 agri.nei / pub.trans / temp / road.dist / MSInei / sec1 / cen.dist

	Manuf. & serv. infrast.
	 Arable land 
	 J 
	0.4889
	0.5874
	 agri.nei / pub.trans / road.dist / MSInei / temp / sec1 / cen.dist

	Manuf. & serv. infrast.
	 Arable land 
	 P 
	0.5289
	0.5441
	 pub.trans / agri.nei / road.dist / cen.dist / MSInei / sec1 / temp

	Manuf. & serv. infrast.
	Grasslands & meadows 
	 NPa 
	0.3380
	0.4164
	 agri.nei / pub.trans / MSInei / road.dist / temp / sec1 / cen.dist

	Manuf. & serv. infrast.
	 Grasslands & meadows 
	 SPa 
	0.3634
	0.3320
	 agri.nei / pub.trans / sec1 / MSInei / cen.dist / road.dist / temp

	Manuf. & serv. infrast.
	 Grasslands & meadows 
	 J 
	0.4773
	0.5024
	 agri.nei / pub.trans / road.dist / temp / MSInei / cen.dist / sec1

	Manuf. & serv. infrast.
	 Grasslands & meadows 
	 P 
	0.4742
	0.4894
	 pub.trans / agri.nei / road.dist / MSInei / temp / cen.dist / sec1

	Manuf. & serv. infrast.
	 Grasslands & meadows 
	 ECA 
	0.3654
	0.3793
	 agri.nei / temp / road.dist / MSInei / pub.trans / sec1 / cen.dist

	Manuf. & serv. infrast.
	 Grasslands & meadows 
	 WCA 
	0.1795
	0.2442
	 temp / MSInei / agri.nei / pub.trans / road.dist / sec1 / cen.dist

	Manuf. & serv. infrast.
	 Alpine agricultural land 
	 NPa 
	0.6613
	0.6891
	 AALnei / pub.trans / MSInei / cen.dist / slope / road.dist

	Manuf. & serv. infrast.
	 Alpine agricultural land 
	 J 
	0.4568
	0.5324
	 AALnei / pub.trans / MSInei / slope / cen.dist / road.dist

	Manuf. & serv. infrast.
	 Forests 
	 NPa 
	0.5345
	0.5208
	 for.dist / for.nei / pub.trans / MSInei / hou.dist / temp / sol.rad / pop / cen.dist / road.dist

	Manuf. & serv. infrast.
	 Forests 
	 SPa 
	0.4481
	0.4730
	 for.dist / for.nei / pub.trans / MSInei / temp / sol.rad / pop / cen.dist / road.dist / hou.dist

	Manuf. & serv. infrast.
	 Forests 
	 J 
	0.6278
	0.6135
	 for.nei / for.dist / pub.trans / hou.dist / MSInei / road.dist / temp / pop / cen.dist

	Manuf. & serv. infrast.
	 Forests 
	 P 
	0.6020
	0.6284
	 for.nei / for.dist / pub.trans / road.dist / hou.dist / MSInei / cen.dist / temp / sol.rad / pop

	Manuf. & serv. infrast.
	 Forests 
	 ECA 
	0.4223
	0.4434
	 for.nei / for.dist / temp / MSInei / pub.trans / sol.rad / cen.dist / pop / road.dist / hou.dist

	Manuf. & serv. infrast.
	 Forests 
	 WCA 
	0.4285
	0.5150
	 for.nei / for.dist / pub.trans / MSInei / temp / sol.rad / pop / hou.dist / cen.dist / road.dist

	Few-family houses 
	 Manuf. & serv. infrast.
	 P 
	0.1258
	0.1597
	 pub.trans / cen.dist / pop / FFHnei

	Few-family houses 
	 Multi-family houses 
	 NPa 
	0.1343
	0.1740
	 pub.trans / FFHnei / pop / cen.dist

	Few-family houses 
	 Multi-family houses 
	 SPa 
	0.3468
	0.3896
	 pub.trans / pop / FFHnei / cen.dist

	Few-family houses 
	 Multi-family houses 
	 P 
	0.3065
	0.3052
	 pub.trans / cen.dist / FFHnei / pop

	Orch., viney. & horti.
	 Manuf. & serv. infrast.
	 NPa 
	0.5329
	0.4466
	 agri.nei / road.dist / sec23 / temp / slope / OVHnei / sol.rad

	Orch., viney. & horti.
	 Manuf. & serv. infrast.
	 J 
	0.3852
	0.1748
	 road.dist / OVHnei / agri.nei / sol.rad / slope / sec23 / temp

	Orch., viney. & horti.
	 Manuf. & serv. infrast.
	 P 
	0.3916
	0.3508
	 agri.nei / road.dist / OVHnei / slope / temp / sec23 / sol.rad

	Orch., viney. & horti.
	 Manuf. & serv. infrast.
	 WCA 
	0.3760
	0.4586
	 temp / sec23 / slope / OVHnei / road.dist / sol.rad

	Orch., viney. & horti.
	 Few-family houses 
	 NPa 
	0.3784
	0.4246
	 hou.nei / agri.nei / sec1 / pub.trans / cen.dist / OVHnei / pop / temp / sol.rad

	Orch., viney. & horti.
	 Few-family houses 
	 SPa 
	0.2502
	0.2548
	 hou.nei / pub.trans / temp / cen.dist / sol.rad / agri.nei / pop / sec1 / OVHnei

	Orch., viney. & horti.
	 Few-family houses 
	 J 
	0.4445
	0.4480
	 hou.nei / pub.trans / pop / cen.dist / agri.nei / temp / sec1 / sol.rad / OVHnei

	Orch., viney. & horti.
	 Few-family houses 
	 P 
	0.4420
	0.4308
	 hou.nei / agri.nei / pub.trans / temp / OVHnei / sec1 / cen.dist / sol.rad / pop

	Orch., viney. & horti.
	 Few-family houses 
	 WCA 
	0.4822
	0.4885
	 hou.nei / OVHnei / pub.trans / temp / cen.dist / sol.rad / pop / sec1

	Orch., viney. & horti.
	 Multi-family houses 
	 NPa 
	0.6602
	0.5128
	 pub.trans / MFHnei / agri.nei / pop / temp / cen.dist / slope / OVHnei / sec1

	Orch., viney. & horti.
	 Multi-family houses 
	 J 
	0.5408
	0.4426
	 pub.trans / MFHnei / agri.nei / cen.dist / sec1 / slope / OVHnei / temp / pop

	Orch., viney. & horti.
	 Multi-family houses 
	 P 
	0.6242
	0.5458
	 pub.trans / MFHnei / agri.nei / cen.dist / temp / OVHnei / sec1 / slope / pop

	Orch., viney. & horti.
	 Multi-family houses 
	 WCA 
	0.5332
	0.4440
	 MFHnei / pub.trans / OVHnei / slope / temp / cen.dist / pop / sec1

	Orch., viney. & horti.
	 Arable land 
	 NPa 
	0.4870
	0.5578
	 slope / temp / OVHnei / agri.nei / sol.rad

	Orch., viney. & horti.
	 Arable land 
	 SPa 
	0.6722
	0.6642
	 agri.nei / slope / temp / OVHnei / sol.rad

	Orch., viney. & horti.
	 Arable land 
	 J 
	0.2819
	0.3096
	 agri.nei / slope / OVHnei / temp / sol.rad

	Orch., viney. & horti.
	 Arable land 
	 P 
	0.1100
	0.1938
	 slope / OVHnei / agri.nei / sol.rad / temp

	Orch., viney. & horti.
	 Arable land 
	 WCA 
	0.5144
	0.4990
	 slope / temp / OVHnei / sol.rad

	Orch., viney. & horti.
	 Grasslands & meadows 
	 NPa 
	0.1784
	0.2132
	 OVHnei / temp / agri.nei / sol.rad / sec1

	Orch., viney. & horti.
	 Grasslands & meadows 
	 SPa 
	0.2263
	0.2479
	 OVHnei / temp / sol.rad / agri.nei / sec1

	Orch., viney. & horti.
	 Grasslands & meadows 
	 J 
	0.1474
	0.1411
	 OVHnei / sec1 / temp / agri.nei / sol.rad

	Orch., viney. & horti.
	 Grasslands & meadows 
	 P 
	0.1543
	0.1724
	 OVHnei / sec1 / temp / agri.nei / sol.rad

	Orch., viney. & horti.
	 Grasslands & meadows 
	 WCA 
	0.4704
	0.4530
	 OVHnei / temp / sol.rad / sec1

	Orch., viney. & horti.
	 Forests 
	 SPa 
	0.2667
	0.2216
	 for.dist / slope / temp / OVHnei / sec1 / road.dist

	Orch., viney. & horti.
	 Forests 
	 WCA 
	0.4184
	0.3072
	 OVHnei / for.dist / temp / slope / sec1 / road.dist

	Arable land 
	 Manuf. & serv. infrast.
	 NPa 
	0.5770
	0.5833
	 MSInei / agri.nei / road.dist / pub.trans / pop / temp / hou.dist / sec23 / cen.dist

	Arable land 
	 Manuf. & serv. infrast.
	 SPa 
	0.6293
	0.5059
	 MSInei / agri.nei / pub.trans / road.dist / sec23 / pop / hou.dist / cen.dist

	Arable land 
	 Manuf. & serv. infrast.
	 J 
	0.5236
	0.5514
	 MSInei / pub.trans / road.dist / sec23 / agri.nei / temp / hou.dist / cen.dist / pop

	Arable land 
	 Manuf. & serv. infrast.
	 P 
	0.6370
	0.6040
	 MSInei / agri.nei / road.dist / pub.trans / hou.dist / temp / sec23 / cen.dist / pop

	Arable land 
	 Manuf. & serv. infrast.
	 WCA 
	0.2925
	0.3366
	 MSInei / road.dist / agri.nei / pub.trans / temp / pop / sec23 / hou.dist / cen.dist

	Arable land 
	 Few-family houses 
	 NPa 
	0.6056
	0.6048
	 hou.nei / pop / agri.nei / pub.trans / sec1 / temp / cen.dist

	Arable land 
	 Few-family houses 
	 SPa 
	0.6480
	0.6114
	 hou.nei / agri.nei / pub.trans / pop / sec1 / cen.dist

	Arable land 
	 Few-family houses 
	 J 
	0.6577
	0.6006
	 hou.nei / pub.trans / agri.nei / temp / cen.dist / pop / sec1

	Arable land 
	 Few-family houses 
	 P 
	0.6734
	0.5568
	 hou.nei / agri.nei / pub.trans / cen.dist / pop / temp / sec1

	Arable land 
	 Few-family houses 
	 WCA 
	0.5810
	0.5993
	 hou.nei / cen.dist / pub.trans / agri.nei / sec1 / pop / temp

	Arable land 
	 Multi-family houses 
	 NPa 
	0.8794
	0.6798
	 MFHnei / pub.trans / agri.nei / pop / temp / cen.dist / sec1

	Arable land 
	 Multi-family houses 
	 J 
	0.4904
	0.4385
	 MFHnei / pub.trans / agri.nei / cen.dist / temp / sec1 / pop

	Arable land 
	 Multi-family houses 
	 P 
	0.7039
	0.5778
	 MFHnei / pub.trans / agri.nei / cen.dist / temp / sec1 / pop

	Arable land 
	 Orch., viney. & horti.
	 NPa 
	0.4069
	0.4256
	 OVHnei / temp / sol.rad / slope / road.dist

	Arable land 
	 Orch., viney. & horti.
	 SPa 
	0.3021
	0.3639
	 OVHnei / sol.rad / road.dist / temp / slope

	Arable land 
	 Orch., viney. & horti.
	 J 
	0.1024
	0.1510
	 OVHnei / temp / road.dist / slope

	Arable land 
	 Orch., viney. & horti.
	 P 
	0.2454
	0.3519
	 OVHnei / road.dist / temp / sol.rad / slope

	Arable land 
	 Orch., viney. & horti.
	 WCA 
	0.5438
	0.5531
	 OVHnei / temp / slope / sol.rad / road.dist

	Arable land 
	 Grasslands & meadows 
	 NPa 
	0.0774
	0.0785
	 sec1 / temp / road.dist / slope / agri.nei

	Arable land 
	 Grasslands & meadows 
	 SPa 
	0.0766
	0.1529
	 agri.nei / temp / slope / sec1 / road.dist

	Arable land 
	 Grasslands & meadows 
	 J 
	0.1605
	0.1346
	 road.dist / temp / agri.nei / sec1 / slope

	Arable land 
	 Grasslands & meadows 
	 P 
	0.0864
	0.1218
	 road.dist / agri.nei / slope / temp / sec1

	Arable land 
	 Grasslands & meadows 
	 ECA 
	0.1782
	0.3997
	 temp / slope / sec1 / agri.nei / road.dist

	Arable land 
	 Grasslands & meadows 
	 WCA 
	0.1298
	0.2840
	 temp / slope / agri.nei / sec1 / road.dist

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 NPa 
	0.2922
	0.2722
	 temp / pub.trans / hou.nei / hou.dist / pop / sec23 / agri.nei / cen.dist

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 SPa 
	0.1827
	0.3144
	 pub.trans / cen.dist / sec23 / hou.nei / hou.dist / pop / agri.nei

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 J 
	0.2841
	0.1791
	 hou.nei / hou.dist / pub.trans / temp / sec23 / pop / agri.nei / cen.dist

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 P 
	0.3809
	0.3497
	 pub.trans / hou.nei / hou.dist / agri.nei / temp / sec23 / cen.dist / pop

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 ECA 
	0.2276
	0.1168
	 pub.trans / sec23 / hou.nei / pop / temp / agri.nei / hou.dist / cen.dist

	Grasslands & meadows 
	 Manuf. & serv. infrast.
	 WCA 
	0.3209
	0.3117
	 temp / sec23 / pub.trans / pop / hou.nei / hou.dist / cen.dist / agri.nei

	Grasslands & meadows 
	 Few-family houses 
	 NPa 
	0.6408
	0.6254
	 hou.dist / hou.nei / pub.trans / pop / cen.dist / sec1

	Grasslands & meadows 
	 Few-family houses 
	 SPa 
	0.5260
	0.4960
	 hou.nei / hou.dist / cen.dist / pub.trans / pop / sec1

	Grasslands & meadows 
	 Few-family houses 
	 J 
	0.7418
	0.7279
	 hou.dist / hou.nei / pub.trans / cen.dist / sec1 / pop

	Grasslands & meadows 
	 Few-family houses 
	 P 
	0.6797
	0.6471
	 hou.dist / hou.nei / pub.trans / cen.dist / pop / sec1

	Grasslands & meadows 
	 Few-family houses 
	 ECA 
	0.6170
	0.5190
	 hou.dist / hou.nei / pub.trans / cen.dist / pop / sec1

	Grasslands & meadows 
	 Few-family houses 
	 WCA 
	0.5185
	0.5018
	 hou.dist / hou.nei / cen.dist / sec1 / pop / pub.trans

	Grasslands & meadows 
	 Multi-family houses 
	 NPa 
	0.5997
	0.4908
	 hou.dist / MFHnei / pub.trans / pop / agri.nei / cen.dist / sec1

	Grasslands & meadows 
	 Multi-family houses 
	 SPa 
	0.6625
	0.5703
	 pub.trans / hou.dist / MFHnei / cen.dist / pop / sec1 / agri.nei

	Grasslands & meadows 
	 Multi-family houses 
	 J 
	0.5402
	0.5134
	 hou.dist / MFHnei / pub.trans / cen.dist / agri.nei / sec1 / pop

	Grasslands & meadows 
	 Multi-family houses 
	 P 
	0.7754
	0.7092
	 hou.dist / pub.trans / MFHnei / agri.nei / cen.dist / pop / sec1

	Grasslands & meadows 
	 Multi-family houses 
	 ECA 
	0.7623
	0.6662
	 hou.dist / MFHnei / pub.trans / sec1 / pop / agri.nei / cen.dist

	Grasslands & meadows 
	 Multi-family houses 
	 WCA 
	0.6950
	0.5694
	 MFHnei / hou.dist / pub.trans / pop / agri.nei / sec1 / cen.dist

	Grasslands & meadows 
	 Orch., viney. & horti.
	 NPa 
	0.2922
	0.2662
	 OVHnei / temp / road.dist

	Grasslands & meadows 
	 Orch., viney. & horti.
	 SPa 
	0.4860
	0.5561
	 OVHnei / temp / road.dist

	Grasslands & meadows 
	 Orch., viney. & horti.
	 J 
	0.5131
	0.3998
	 OVHnei / temp / road.dist

	Grasslands & meadows 
	 Orch., viney. & horti.
	 P 
	0.2940
	0.3067
	 OVHnei / temp / road.dist

	Grasslands & meadows 
	 Orch., viney. & horti.
	 WCA 
	0.6324
	0.7358
	 OVHnei / temp / road.dist

	Grasslands & meadows 
	 Arable land 
	 NPa 
	0.4014
	0.3886
	 temp / slope / agri.nei / sec1 / road.dist

	Grasslands & meadows 
	 Arable land 
	 SPa 
	0.5821
	0.4322
	 temp / agri.nei / slope / sec1 / road.dist

	Grasslands & meadows 
	 Arable land 
	 J 
	0.3978
	0.4190
	 temp / agri.nei / slope / sec1 / road.dist

	Grasslands & meadows 
	 Arable land 
	 P 
	0.2164
	0.2495
	 slope / agri.nei / temp / road.dist / sec1

	Grasslands & meadows 
	 Arable land 
	 ECA 
	0.4890
	0.2679
	 temp / slope / sec1 / agri.nei / road.dist

	Grasslands & meadows 
	 Arable land 
	 WCA 
	0.4826
	0.4732
	 temp / slope / agri.nei / sec1 / road.dist

	Grasslands & meadows 
	 Forests 
	 NPa 
	0.3554
	0.3635
	 agri.nei / for.dist / sec1 / temp / road.dist

	Grasslands & meadows 
	 Forests 
	 SPa 
	0.2708
	0.2838
	 agri.nei / for.dist / temp / road.dist / sec1

	Grasslands & meadows 
	 Forests 
	 J 
	0.1992
	0.1834
	 for.dist / temp / agri.nei / sec1 / road.dist

	Grasslands & meadows 
	 Forests 
	 P 
	0.1623
	0.1783
	 agri.nei / for.dist / temp / road.dist / sec1

	Grasslands & meadows 
	 Forests 
	 ECA 
	0.2590
	0.2945
	 for.dist / agri.nei / road.dist / temp / sec1

	Grasslands & meadows 
	 Forests 
	 WCA 
	0.2454
	0.2449
	 for.dist / agri.nei / temp / sec1 / road.dist

	Alpine agricultural land 
	 Few-family houses 
	 WCA 
	0.6090
	0.3999
	 elev / hou.nei / cen.dist / AALnei / sec1 / pub.trans / pop / slope

	Alpine agricultural land 
	 Grasslands & meadows 
	 NPa 
	0.1562
	0.2098
	 agri.nei / road.dist / elev / sec1 / slope

	Alpine agricultural land 
	 Grasslands & meadows 
	 ECA 
	0.4923
	0.3347
	 elev / agri.nei / road.dist / sec1 / slope

	Alpine agricultural land 
	 Grasslands & meadows 
	 WCA 
	0.2916
	0.7522
	 elev / road.dist / agri.nei / sec1 / slope

	Alpine agricultural land 
	 Forests 
	 NPa 
	0.4663
	0.4670
	 for.dist / AALnei / sol.rad / temp / road.dist / slope / sec1

	Alpine agricultural land 
	 Forests 
	 SPa 
	0.7176
	0.7018
	 sol.rad / for.dist / temp / AALnei / road.dist / sec1 / slope

	Alpine agricultural land 
	 Forests 
	 J 
	0.3119
	0.2854
	 for.nei / for.dist / AALnei / temp / road.dist / sec1 / slope / sol.rad

	Alpine agricultural land 
	 Forests 
	 P 
	0.9875
	0.8542
	 AALnei / sol.rad / temp / slope / for.nei / road.dist / sec1 / for.dist

	Alpine agricultural land 
	 Forests 
	 ECA 
	0.6766
	0.6702
	 for.dist / for.nei / temp / AALnei / sol.rad / road.dist / slope / sec1

	Alpine agricultural land 
	 Forests 
	 WCA 
	0.7076
	0.6884
	 for.dist / temp / sol.rad / AALnei / road.dist / slope / sec1

	Forests 
	 Manuf. & serv. infrast.
	 SPa 
	0.3843
	0.3488
	 MSInei / road.dist / for.nei / slope / pub.trans / hou.nei / cen.dist / pop

	Forests 
	 Manuf. & serv. infrast.
	 J 
	0.1689
	0.1602
	 MSInei / road.dist / for.nei / pub.trans / hou.nei / slope / pop / cen.dist

	Forests 
	 Manuf. & serv. infrast.
	 P 
	0.3896
	0.2888
	 MSInei / road.dist / for.nei / pub.trans / hou.nei / slope / cen.dist / pop

	Forests 
	 Manuf. & serv. infrast.
	 ECA 
	0.3272
	0.2086
	 MSInei / road.dist / slope / pub.trans / hou.nei / for.nei / cen.dist / pop

	Forests 
	 Manuf. & serv. infrast.
	 WCA 
	0.2919
	0.1816
	 road.dist / MSInei / slope / for.nei / hou.nei / cen.dist / pop / pub.trans

	Forests 
	 Few-family houses 
	 NPa 
	0.3290
	0.3126
	 hou.dist / hou.nei / pub.trans / slope / pop / cen.dist

	Forests 
	 Few-family houses 
	 SPa 
	0.4330
	0.3593
	 hou.dist / hou.nei / pub.trans / cen.dist / slope / pop

	Forests 
	 Few-family houses 
	 J 
	0.5230
	0.4249
	 hou.dist / hou.nei / pub.trans / cen.dist / slope / pop

	Forests 
	 Few-family houses 
	 P 
	0.7317
	0.6167
	 hou.dist / hou.nei / pub.trans / cen.dist / pop / slope

	Forests 
	 Few-family houses 
	 WCA 
	0.6656
	0.4310
	 hou.dist / hou.nei / cen.dist / slope / pub.trans / pop

	Forests 
	 Multi-family houses 
	 P 
	0.5445
	0.4413
	 hou.dist / pub.trans / for.nei / MFHnei / cen.dist / slope / pop

	Forests 
	 Orch., viney. & horti.
	 SPa 
	0.2898
	0.3262
	 sol.rad / OVHnei / road.dist / agri.nei / for.nei / slope

	Forests 
	 Orch., viney. & horti.
	 WCA 
	0.3256
	0.3977
	 OVHnei / agri.nei / for.nei / road.dist / sol.rad / slope

	Forests 
	 Grasslands & meadows 
	 NPa 
	0.4252
	0.4738
	 agri.nei / road.dist / for.nei / slope / sec1

	Forests 
	 Grasslands & meadows 
	 SPa 
	0.5547
	0.6397
	 road.dist / agri.nei / slope / for.nei / sec1

	Forests 
	 Grasslands & meadows 
	 J 
	0.3310
	0.2963
	 agri.nei / road.dist / slope / sec1

	Forests 
	 Grasslands & meadows 
	 P 
	0.3296
	0.3547
	 agri.nei / road.dist / slope / sec1

	Forests 
	 Grasslands & meadows 
	 ECA 
	0.3034
	0.4362
	 agri.nei / road.dist / for.nei / slope / sec1

	Forests 
	 Grasslands & meadows 
	 WCA 
	0.5295
	0.6141
	 agri.nei / road.dist / for.nei / slope / sec1

	Forests 
	 Alpine agricultural land 
	 NPa 
	0.3561
	0.4427
	 AALdist / AALnei / for.nei / sec1 / slope / road.dist

	Forests 
	 Alpine agricultural land 
	 J 
	0.5809
	0.5965
	 AALdist / AALnei / elev / for.nei / sec1 / slope / road.dist

	Forests 
	 Alpine agricultural land 
	 ECA 
	0.0578
	0.1926
	 AALdist / elev / AALnei / road.dist / sec1 / slope

	Forests 
	 Alpine agricultural land 
	 WCA 
	0.1126
	0.1996
	 AALdist / AALnei / for.nei / elev / slope / road.dist / sec1




Table S2 Categorization of our modeled services into the official CICES 5.1 categories of ESS. Some deviations from the CICES definitions remain because of limited data availability. Abbreviations: FFH: Few-family houses; MFH: Multi-family houses; MSI: Manufacturing & service infrastructure; AL: Arable land, G&M: Grasslands & meadows, OVH: Orchards, vineyards & horticulture; FO: Forests, AAL: Alpine agricultural land

	Landscape service (terminology used in this paper)
	CICES 5.1 group and code
	Main drivers (detailed look-up Tables see Table 2 from main text)

	Housing
	no CICES class
	FFH, MFH

	Jobs
	no CICES class
	MSI

	Crop production
	Cultivated terrestrial plants for nutrition, materials or energy (1.1.1.x)
	AL, G&M, OVH, agricultural productivity factor
based on agricultural
zones in Switzerland (FOAG, 2017a)

	Reared animals
	Reared animals for nutrition, materials or energy (1.1.3.x)
	G&M, AAL

	Recreation
	Physical and experiential interactions with natural environment (3.1.1.x)
	FFH, MFH, AL, OVH, G&M, AAL, FO, Lakes, Rivers

	Biodiversity
	Life cycle maintenance, habitat and gene pool protection (2.2.2.x)
	MSI, FFH, MFH, AL, OVH, AAL, G&M, TWW (Dry meadows), Slope (relative steepness), FO

	Forest products
	Wild plants (terrestrial and aquatic) for nutrition, materials or energy (1.1.5.3)
	FO, Standing volume per
economic region (Abegg 

	Hazard protection by forest
	Regulation of baseline flows and extreme events (2.2.1.x)
	FFH, MFH, MSI, Transportation infrastructure, FO, Presence of local hazard risk derived from
the data of the SilvaProtect-CH Project of FOEN (Losey 
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