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Mountain areas in Portugal provide a diversity of essential ecosystem services, including many 
provisioning and regulating services. These areas have gone through fast and significant 
landscape change over the past decades mainly driven by depopulation and agriculture 
abandonment. To understand how these changes affect the provision of ecosystem services 
(ESs) in mountain areas in Portugal and to gain insight into how ESs can support management 
and planning in these changing landscapes, we conducted an assessment of a set of 
ecosystem services, specifically timber, firewood, mushrooms, freshwater supply, and 
agriculture crops production (provisioning services), and carbon storage and sequestration, fire 
regulation, and water regulation (regulating services) in a  medium-sized watershed (Alto Sabor) 
in northern Portugal. The assessment of each ecosystem service included biophysical 
quantification and economical valuation, using surveys, published statistics, and modeling tools 
(e.g., InVEST and SWAT) in a spatially explicit manner and was supported by land use/land 
cover change data from 1990 and 2006. Additionally, scenarios for 2020 were created based on 
observed land use and land use cover change in the region during the latest decades, namely 
further expansion of forest stands (FOREST), further abandonment of agriculture 
(ABANDONMENT), and expansion of shurblands (SHRUBLANDS). Trade-off analysis was 
conducted in order to evaluate not just the possible combinations of outcomes of landscape 
structure but also the impact of current and future land use/land cover changes in the provision 
of ecosystem services. Over the 1990-2016 period the landscape of the Alto Sabor basin 
showed an increase in forest area (21%) and a decrease in agriculture land (14%) and 
shrublands (3%). The heterogeneity of the landscape increased slightly as indicated by a 
decrease in metrics such as patch size, distances among patches, and size of the largest patch 
in each land class, and an increase in number of patches, extension of edges, and diversity and 
evenness indices. Simultaneously to these changes in landscape structure, the value of 
agriculture production in the area decreased strongly in opposition to the remaining provisioning 
ESs that increased in value. From these, freshwater supply was the most valuable of all. 
Overall, the value of provisioning ESs increased over this period of time. Among regulating ES, 
carbon storage and sequestration were the most valuable services showing also a significant 
increment from 1990 to 2016. Scenarios ABANDONMENT and FOREST indicate continuous or 
moderate increases in the value of provisioning ESs in the area in opposition to the 
SHRUBLANDS scenario according to which this value tends to decrease in 2020. The same 
pattern was observed for the regulating services evaluated in this study. A graphical comparison 
of the value of pairs of ESs suggest the existence of ES frontiers in value corresponding to 
optimal solutions of ESs vales. However, the exact shape and location of these frontiers in the 
graphs cannot be yet exactly located. Plots of the total value of regulating ESs against the total 
value of provisioning ESs suggest that the total value of ESs in the watershed has not reached 
a maximum value which can be reached according the the landscape change trends defined for 
the FOREST and ABANDONMENT scenarios. Tradeoff analysis revealed therefore that for the 
mountain landscape in Portugal under consideration it is possible to find optimal or sub-optimal 
combinations of landscape conditions (represented by the landscape in 1990, 2006 and in the 
three scenarios for 2020) in terms of the value and type of ecosystem services evaluated. The 
results of this study are important because they can effectively support planning and 
management in this landscape either based on the optimization of the value of ESs or on the 
importance of particular ESs. This study can, therefore, contribute significantly to the 
multifunctionality of the Portuguese mountain landscapes. Further research is, however, 
required to test the effects of other drivers of change on ESs in the landscape, individually or 
collectively, and to develop tool for stakeholders to promote participative planning and 
management in mountains in Portugal. 




