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A.1. Detailed composition of municipal cooperations for “limited cooperation” scenario
For the case study region, we assume four cooperations:
1) Saas-Fee, Saas-Balen, Saas-Grund, and Saas-Almagell (southern end of the valley): these municipalities are well-known tourist destinations and have successfully established themselves as “holiday region” already, including free public transport for tourists, a newspaper, a radio station and a shared homepage.
2) Visp, Visperterminen, Baltschieder, and Eggerberg (northern end of the valley):
Visp is the economic center of the case study area, with Visperterminen, Baltschieder, and Eggerberg within commuting distance.
3) Stalden, Staldenried and Eisten (central part of the case study area):
Stalden and Staldenried are connected to each other via cable-car. For the near future, a revision and upgrade is scheduled, requiring close cooperation of both municipalities. Eisten, a relatively small and remote village, geographically close and without any tourist attractions to speak of, is more likely to cooperate with the down-valley Stalden and Staldenried rather than the up-valley, tourist-oriented Saas-villages.
4) Zeneggen (western valley shoulder):
Small, remote village only accessible via a curvy mountain road. Not within easy commuting distance to Visp, especially in winter, nor close to any other municipality within the case study area. We assume this municipality to stay separate.

A.2. Calculation of settlement expansion rates and raster cell adjacency
Settlement expansion rate is based on two values: permanent residents of a given municipality and the area of the municipality that is considered settlement. Each municipality within the case study area is processed separately. Data on permanent residents was drawn from the Swiss Federal Statistical Office FSO, using the municipal statistic from 1981 – 2010 (FSO 2012). Data on area considered settlement per municipality was drawn from Land Use Statistics, also provided by the Swiss Federal Statistical Office (FSO 2015a). Land Use Statistics differentiates 72 different land-use classes, with the first 36 classes being associated to settlement. These 36 classes also include roads, parks, graveyards, and the like. To calculate total settlement area per municipality, all 36 settlement classes have been considered. This decision was made based on two reasons: first, on a 100 x 100 m raster map, the content of a single raster cell within a settlement is rarely limited to one single land-use class, but in most cases also contains large, sealed areas. Second, upon expansion, a settlement will again require additional roads, parks, parking lots, etc. By including all 36 classes for calculation of settlement area, we take those needs into account even if they are not explicitly modeled. The municipal settlement area was then divided by the number of permanent residents in the respective years to get the average spatial demand per person. Spatial demand per person changes according to number of permanent residents and municipal settlement area until 2010. For the years from 2010 onwards, no more data on municipal settlement area is available. We therefore assume the spatial demand per person to remain unchanged. We also switch to Cantonal projections on the development of permanent residents for all municipalities after 2010 (FSO 2011), as there are no detailed population scenarios on municipal level available.
Finally, settlement area is calculated using average spatial demand per person multiplied by projected number of permanent residents. Number of required new settlement raster cells is:






For the calculation of raster cell adjacency, the original raster map (which is based on Land Use Statistics (FSO 2015a)) was first converted into a point file, where each point marks the center of the previous raster cell. Then, a buffer around each point was applied. Buffer radius was set to a distance that included all eight orthogonally and diagonally adjacent points.


A.3. Settlement distribution for the upper valley
Figure A. 1 shows how consideration of ES, as opposed to building zones, affects settlement distribution in the upper valley. Saas-Balen (E) and Saas-Grund display a very distinctive change, with 100% and 90% of new settlement raster cells being allocated differently upon consideration of ES. For Saas-Fee (G), the effect of ES consideration is less pronounced with 27.5%. The most prominent reason for the striking difference is the restrictive topography in Saas-Fee, which limits settlement development to a relatively small area, likewise constraining options of DSA to allocate new settlement raster cells differently.


A.4. Detailed stakeholder affiliations
The following list gives the details about the affiliation of the participating stakeholders. Each entry represents one (1) participant, for a total of ten participants.
Agricultural stakeholders:
· Local farmer
· Representative of Federal Office for Agriculture
· Representative of Agroscope, Agricultural Research Institution
· Member of chamber of agriculture Upper Valais

Cantonal stakeholders:
· Cantonal Office for Forest and Environmental Protection, Valais
· Cantonal Office for Spatial Development, Valais
· Cantonal Office for Structural Improvement, Valais

Non-Governmental Organisation (NGO) stakeholders:
· World Wildlife Fund WWF Valais

Administration stakeholders:
· Member of local municipal council
· Member of Cantonal Grand Council, Valais


A.5. DSA sensitivity
For illustrating the sensitivity of DSA settlement allocation to different weight factors and different required numbers of adjacent settlement cells, we exemplarily use the base characteristics (initial area of settlement, spatial demand per person) of two municipalities within the case study region. We modify population growth to unrealistic levels for illustrative purposes and successively increase both, the weight of ES as well as the required number of adjacent settlement cells. We found the model to react very sensitively to changes in the number of required adjacent settlement cells, as was to be expected. For this contribution, we set a threshold of two cells. Table A. 1 shows the severe degradation of choices for a threshold of 3 cells and a significant path dependency if the threshold is set at 4 or higher. Figure A. 2 shows the resulting settlement pattern in a spatially explicit manner.
However, weighing is also an important factor, especially when a high number of adjacent settlement cells is required. Different allocation of a single cell can lead to a completely different settlement pattern due to path dependency effects (Table A. 1). 


A.6. Agricultural agents and their properties
Farm types from Brändle et al. (2015)
Type 1: Production-oriented farmers
This type of farmer attaches great importance to generating an adequate income, high yields, and innovative products from their farming activities. They tend to be less involved in local traditions, breeding competitions, or providing ecosystem or landscape services. With a few exceptions, farming is their primary source of income and most or all available labor is devoted to farming.

Type 2: Ecological and landscape stewards
Farmers in this cluster place a stronger emphasis on the social, ecological, and landscape aspects of their farming activities than on the achievement of high yields or profits. They consider extensive land-use and the provision of ecological services to be both, an adequate source of income and an effective measure to increase biodiversity. 
Type 3: Part-time or leisure-oriented breeders
Farmers in this cluster share a strong interest in being recognized as “good” farmers or breeders within their respective (farming) communities and to share their farming passion by participating in exhibitions, competitions, or cow fights. By engaging in these activities, they also aim to maintain local traditions and contribute to village life. They derive their main income off-farm.

Type 4: Traditionalist leisure farmers
Farmers of this type undertake small-scale farming as a way to maintain local traditions. Compared to type 3, they do not aim for such a strong involvement in breeding, competitions, and local decision-making and perceive their opportunity costs to be much higher. All of these farmers are employed outside of agriculture and their farming activities depend strongly on off-farm work commitments and income. 

Type 5: Leisure-oriented farmers
[bookmark: _Ref406759199]Farmers in this group place a high importance mainly on being involved in local decisions and village life. They are significantly less focused on achieving high income and yields than the other clusters but do not place a strong focus on ecological or competition objectives either. All of these farmers work outside of agriculture 
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A.7. Basic flowchart for DSA
The Dynamic Settlement Allocation Model DSA uses four stages to identify raster cells that are best suited for transition to settlement: a cellular-automata (CA) stage (marked “A”), a stage using a rule-based algorithm (marked “B”), an updating stage (“C”), and a termination/fallback-stage (“D”).
Stage A processes the complete data set (i.e., every single raster cell available in the data set is included) and reduces the amount of transition candidates depending on the state of the cell itself as well as on the state and the number of its neighbors. For the sake of simplicity and readability, Figure A. 2 depicts the basic version of DSA, where only two states are considered: sealed (i.e., existing settlement) and forest. Forest is linked to the output of the agro-economic optimization model ALUAM. Consideration of further states is implemented for building zones and crop rotation areas. The CA can be expanded by additional states, which can also be linked to ALUAM if desired. Before stage B starts, CA double-checks that all raster cells have been processed.
After the CA has identified all candidate raster cells viable for transition to settlement, the rule-based algorithm in stage B employs a hierarchical selection process selecting the candidate raster cells with the highest suitability score for transition to settlement. Stage B iterates a number of times equal to the total number of settlement area in hectares to be allocated. Per iteration, one candidate raster cell is identified for transition to settlement. In case of tied suitability scores between two or more candidate raster cells, average suitability of unsealed raster cells in the respective neighborhoods is used as a tie-breaker. 
Once stage B is finished and the selection of all candidate raster cells for transition to settlement is finalized, all data sets are updated. ES provision, LF quality, and previous affiliations of the raster cells with agricultural agents are deleted. Agricultural yields are set to zero. All agricultural managements and direct payments are blocked. The settlement map is updated. The neighborhood map is updated. All agricultural agents are updated.

Normally, DSA has sufficient amount of candidate raster cells available for the rule-based-algorithm (see Table A. 1). However, the number of candidate cells depends on the states considered by the CA, the overall size of the settlement, and the number of required adjacent cells (rac; see Appendix A.4). In case DSA runs into shortage of candidate cells, i.e., it needs to allocate more settlement area than there are candidate raster cells available, or if there are no candidate cells available at all, DSA terminates after stage A and lowers the rac threshold by one (1). The neighborhood map is updated and DSA restarts. In case of DSA still running into candidate raster cell shortage even after lowering the rac threshold to zero, the CA successively disables the queries of raster cell states one by one, starting with building zones. In theory, DSA could still get caught in an infinite loop if it encountered candidate raster cell shortage with rac threshold lowered to zero and all CA raster cell state queries disabled. However, it is a highly unlikely scenario.
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