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8.3 Summary 
Many landscapes are managed for agricultural and forestry products resulting in the 

unintended decline of cultural and regulating ecosystem services (ESs). These regulating and 
cultural ESs provide benefits to human society such as carbon sequestration, flood regulation, 
recreational opportunities or pollination of crops. In the future, rising populations and wealth 
are expected to further increase pressures on land and associated ESs. To maintain a diverse 
set of ESs over time, several policies aim to protect and restore land for ESs. 

However, funds and land to maintain ESs are limited. Therefore, it is important to 
allocate the available budgets as effective as possible. In other words, it is important to identify 
priorities for land management both in terms of where (location) and how (actions) ESs should 
be maintained. Researchers have developed tools to prioritize areas and actions. These tools 
were mostly developed for biodiversity conservation and are now also used to identify 
priorities for ESs. The topic of this thesis is how to integrate ESs in the identification of priority 
areas and actions to maintain ESs over time. 

The first part of this thesis focuses on improving the assessment of ESs. Prioritization 
approaches rely on maps of ESs as an input. Much effort has been put into quantifying the 
spatial variation, or mapping, of ESs. Land cover types are often used as proxies for ES levels. 
However, ESs levels can also depend on the spatial arrangement of land cover (landscape 
configuration). Moreover, ESs levels can depend on the intensity with which the land is being 
managed (management intensity). Whereas much effort has gone into linking land cover to ESs, 
we still have limited knowledge on how landscape configuration and management intensity 
affect the spatial variation in ESs. 

In the first study of this thesis (Ch. 2) we focused on how landscape configuration 
affects ES capacity and the consequences thereof for mapping ESs. We reviewed the existing 
literature on effects of landscape configuration on ten ESs in the temperate zone. Only for a 
subset of ESs there is enough evidence to conclude that landscape configuration affects these 
ESs. More importantly, how and what aspects of landscape configuration affect an ES depends 
on the ES studied. We used the findings from this review to account for landscape 
configuration in the mapping of ESs. We mapped four ESs in Scotland, once with and once 
without accounting for landscape configuration. Accounting for landscape configuration results 
in strong variation in ES capacity at the local scale, for all four ESs considered. Across larger 
extents these local differences tend to average out and landscape configuration hardly impacts 
the overall level of ESs. The strong effect of landscape configuration on local variation in ES 
capacity is especially relevant when identifying priority areas for ESs. 

In the second study (Ch. 3) we performed a meta-analysis on the simultaneous effects 
of management intensification on biodiversity and production. Whereas several studies 
perform a meta-analysis on management intensity and either biodiversity or production, this is 
the first study that addressed the response of both of these factors.  We studied management 
intensification in agricultural and forestry systems. We conclude that there is a general trade-
off following management intensification resulting in a decline in biodiversity and an increase in 
production. This trade-off is strongest in agricultural systems compared to grassland or 
forestry systems and for plant compared to animal species. Interestingly, the effect of 
management intensification on biodiversity and production was governed by the initial starting 
intensity and the extent of intensification. How management intensity shapes the trade-off 
between production and biodiversity is a topic of great interest for global sustainability. 

The first two studies centred on improving the assessment of ESs. In the latter chapters 
we studied how ESs can be integrated and applied in spatial prioritization studies. Prioritization 
studies aim to identify where and how to best manage the land for a set of objectives (here 
ESs).  
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Humans obtain diverse benefits from nature. These benefits are not only shaped by the 
capacity of a landscape to provide an ES, but also by the human demand for an ES. Thus, ESs 
are for a large part shaped by the societal demand. This notion of societal demand is used in 
Chapter 4. In Chapter 4 we identified priority areas for ESs at the extent of the European 
Union (EU), based on maps for five ESs. We compared priority areas for ES capacity and ES 
flow, the combination of ES capacity and ES demand.  There are strong differences in the 
identified priority areas with and without accounting for ES demand. Identifying priority areas 
for ES capacity resulted in locations with good ecological functioning but with limited benefits 
to human society. Identifying priority areas for ES flow shifted locations towards patches of 
natural vegetation close to cities and agricultural land, with increased benefits to human 
society. In a second comparison we accounted for spatial restrictions to ES flow. ES flows 
differ between individual ESs, ranging from strictly local to fully global. Therefore, the 
opportunity to actually benefit from an ES is spatially restricted by the ES flow. As an example, 
a priority area for flood regulation in Spain (Ebro basin) does not contribute to maintained 
flood regulation in Poland (Oder basin). We developed a method to account for the spatial 
flow of each ES and the distribution of priority areas across individual flow zones. Our results 
show that accounting for spatial flow of each ES results in a better distribution of maintained 
ESs across regions in the EU with only a minimal impact on the overall level of ESs maintained. 
This research highlights the opportunity to maintain ESs for the entire EU and across regions in 
the EU.  

A limitation of Chapter 4 is that we identified priorities only for current land use. Land 
use change is one of the most important drivers of change in ESs across Europe. Moreover, 
land use change can inform the management of priority areas. Therefore, in Chapter 5 we 
identified priority areas for ESs in 2000 and in 2040 in the European Union (EU) for a total of 
five ESs. We used two scenarios on land use change that mainly differ in the extent of 
agricultural land abandonment. We accounted for changes in land cover, landscape 
configuration and management intensity and quantified the impact thereof on ESs and the 
location of priority areas. Management intensity is a strong driver of changes in priority areas 
for ESs. We identify the most important drivers of change in ES capacity over time in priority 
areas and can therewith distinguish between areas most suitable for conservation and areas 
most suitable for restoration. Accounting for land use change results in a strong shift in the 
location of priority areas over time. Although locations of priority areas shift between 2000 
and 2040, the effect of land use change on overall ES capacity for the entire EU is limited. 
However, there is strong regional variation in the effects of land use change on ES capacity. 
Existing policies aim for a no-net-loss of ESs at the level of the EU. To maintain ESs across the 
entire EU, policies should aim for no-net-loss of ESs at EU level and at regional level. 

Chapters 4 and 5 have mostly focused on identifying priority areas for ESs, often 
implicitly assuming that these areas will be conserved. However, in reality there are multiple 
alternative management options (actions). In the last chapter (Ch. 6) we study priority actions 
for the restoration of ESs in agricultural landscapes (Kromme Rijn). Specifically, we conducted 
a case study in a Dutch agricultural landscape. Here, we compared actions to restore land and 
the resulting ESs through 1) restoration of natural vegetation on agricultural land taken out of 
production, 2) restoration of linear landscape elements on agricultural land or 3) changing 
management of agricultural land. We optimized the landscape for three objectives, namely 
crop production, recreational opportunities and biodiversity, at a minimum loss to grassland 
production. The outcomes of our study were compared to the existing nature management 
plan for the area. We show that for either the same loss in grassland production more area 
can be restored or that the same outcomes can be achieved for lower losses in grassland 
production. To minimize trade-offs between individual objectives requires combining all three 
restoration actions, otherwise strong trade-offs between objectives occur. We also show that 
the currently identified priority areas in the nature management plan for restoration of natural 
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vegetation may be suboptimal. This research highlights the opportunity and the practical 
relevance of restoring landscapes for multiple ESs through changes in land cover, landscape 
configuration and management intensity. 

Together, the topics in this thesis address how to identify priority areas and priority 
actions to manage the land for a diverse set of ESs. We show that societal demand for ESs 
shifts priority locations from remote natural areas towards smaller remnants of natural 
vegetation within the matrix of urban and agricultural land use. The resulting priority areas in 
agricultural and urban landscapes provide high benefits from nature to society. Managing these 
priority areas is challenging because threats of land use change are most severe in these areas. 
Moreover, threats are manifold consisting of changes in land use, configuration and 
management intensity. At the same time, it is also in these landscapes, and through combined 
management of changes in land use, configuration and management intensity, that the greatest 
opportunities lie to restore multifunctional landscapes. 
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