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Abstract
The environments in which we live are complex, adapting and evolving in non-linear ways. The ecosystem services
produced in landscapes supply resources, support livelihoods and are foundational to human wellbeing. The assessment
of individual ecosystem services has been the focus of much work but evaluating the dynamic nature of multiple
ecosystem services has been limited. Sustainably managing landscapes requires an understanding of how different social
and ecological factors shape the distribution of ecosystem services and how those services are related to one another. The
ecosystem service bundles concept refers to reoccurring sets of ecosystem services and is useful for focusing on interactions
among ecosystem services. It is also critical that methods for assessing ecosystem services are feasible and accessible to
landscape managers. The prolific public data in Sweden is an interesting case to explore the ability of publicly available
data to express ecosystem services at an applicable scale.

Using publicly available data at the municipal scale, the thesis first identifies bundles of ecosystem services in the
Norrström drainage basin in Sweden. Five types of bundles were found spatially aggregated across the basin. Further
analysis explored the evenness of the distribution of the ecosystem services across the region. These human dominated
landscapes were found to be highly multifunctional with regards to the diversity and evenness of the ecosystem services,
as well as in comparison to other places.

Second, four theory-based models were developed to explore the social, ecological and geographic drivers of the
ecosystem services and ecosystem service bundles found in the Norrström drainage basin. The models were created by
distilling the core assumptions of four theories of human-nature interactions into social, ecological and geographic driver
variables to test their ability to explain the distribution of the ecosystem services and ecosystem service bundles. No one
model was best at predicting the distribution of all the ecosystem services. Bundles of ecosystem services were not predicted
as well as the individual ecosystem services. Nevertheless, a clear picture of the variation of ecosystem services in the
region could be seen even with this limited information.

Third, ecosystem service bundles were assessed using publicly available data at the municipal scale for all of Sweden
across four time periods. Little change in the distribution of the ecosystem services bundles was detected across the time
periods which start in 2000. The relationship between the ecosystem services bundles and a range of social, ecological and
geographic variables was assessed. The fixed geographic variable latitude along with forest and arable area had the largest
impact on the distribution pattern of the ecosystem service bundles.

Finally, the thesis examines the different conceptualizations of the concept of ecosystem service bundles. The benefits
to using an ecosystem service bundles approach are highlighted, including how bundles simplify analysis, simplify
management, help advance social-ecological theory, provide guidance with missing information, and bridge separated
research fields and stakeholder groups. Ways to improve research on ecosystem service bundles are presented through
discussions of social-ecological indicators, scale, and internal ecosystem service relationships and drivers. A framework
for finding points of compatibility between bundle studies and navigating comparisons is provided, because there is so
much to learn from comparing ecosystem service bundle research.
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Abstract 

 
The environments in which we live are complex, adapting and evolving in 
non-linear ways. The ecosystem services produced in landscapes supply re-
sources, support livelihoods and are foundational to human wellbeing. The 
assessment of individual ecosystem services has been the focus of much work 
but evaluating the dynamic nature of multiple ecosystem services has been 
limited. Sustainably managing landscapes requires an understanding of how 
different social and ecological factors shape the distribution of ecosystem ser-
vices and how those services are related to one another. The ecosystem service 
bundles concept refers to reoccurring sets of ecosystem services and is useful 
for focusing on interactions among ecosystem services. It is also critical that 
methods for assessing ecosystem services are feasible and accessible to land-
scape managers. The prolific public data in Sweden is an interesting case to 
explore the ability of publicly available data to express ecosystem services at 
an applicable scale.  
 
Using publicly available data at the municipal scale, the thesis first identifies 
bundles of ecosystem services in the Norrström drainage basin in Sweden. 
Five types of bundles were found spatially aggregated across the basin. Fur-
ther analysis explored the evenness of the distribution of the ecosystem ser-
vices across the region. These human dominated landscapes were found to be 
highly multifunctional with regards to the diversity and evenness of the eco-
system services, as well as in comparison to other places.  
 
Second, four theory-based models were developed to explore the social, eco-
logical and geographic drivers of the ecosystem services and ecosystem ser-
vice bundles found in the Norrström drainage basin. The models were created 
by distilling the core assumptions of four theories of human-nature interac-
tions into social, ecological and geographic driver variables to test their ability 
to explain the distribution of the ecosystem services and ecosystem service 
bundles. No one model was best at predicting the distribution of all the eco-
system services. Bundles of ecosystem services were not predicted as well as 
the individual ecosystem services. Nevertheless, a clear picture of the varia-
tion of ecosystem services in the region could be seen even with this limited 
information. 



 
Third, ecosystem service bundles were assessed using publicly available data 
at the municipal scale for all of Sweden across four time periods. Little change 
in the distribution of the ecosystem services bundles was detected across the 
time periods which start in 2000. The relationship between the ecosystem ser-
vices bundles and a range of social, ecological and geographic variables was 
assessed. The fixed geographic variable latitude along with forest and arable 
area had the largest impact on the distribution pattern of the ecosystem service 
bundles. 

 
Finally, the thesis examines the different conceptualizations of the concept of 
ecosystem service bundles. The benefits to using an ecosystem service bun-
dles approach are highlighted, including how bundles simplify analysis, sim-
plify management, help advance social-ecological theory, provide guidance 
with missing information, and bridge separated research fields and stake-
holder groups. Ways to improve research on ecosystem service bundles are 
presented through discussions of social-ecological indicators, scale, and inter-
nal ecosystem service relationships and drivers. A framework for finding 
points of compatibility between bundle studies and navigating comparisons is 
provided, because there is so much to learn from comparing ecosystem service 
bundle research.  
 
Keywords: Ecosystem services, multifunctionality, landscape, patterns, clus-
ter, drivers, mapping, trade-offs, synergies, sustainability, land use, landscape 
management, Sweden 
 
 
 
 



Sammanfattning  

Vi lever i miljöer som är komplexa, adaptiva och som utvecklas på icke-linjära 
sätt. De ekosystemtjänster som genereras i våra landskap tillhandahåller re-
surser, stödjer försörjning och är grundläggande för mänskligt välbefinnande. 
Utvärdering av individuella ekosystemtjänster har gjorts i stor utsträckning i 
både forskning och praktik, men att undersöka den dynamiska karaktären av 
flera samverkande ekosystemtjänster, så kallade knippen, har varit begränsad. 
Att på ett hållbart sätt förvalta landskap kräver en förståelse för hur olika so-
ciala och ekologiska faktorer formar fördelningen av ekosystemtjänster och 
hur dessa tjänster står i förhållande till varandra. Ekosystemtjänstknippen som 
koncept hänvisar till en uppsättning ekosystemtjänster som ofta förekommer 
tillsammans i ett landskap. Som konceptualisering är den användbar för att 
påvisa interaktionen mellan olika ekosystemtjänster. Det är även viktigt att de 
metoder som används för att utvärdera ekosystemtjänster är genomförbara och 
tillgängliga för dem som sköter landskapet. Den stora mängden offentlig in-
formation i Sverige utgör ett bra underlag för att utforska möjligheten att an-
vända tillgängliga data för att utvärdera ekosystemtjänster på en skala som är 
relevant för förvaltning. 

 
Genom att använda offentlig statistik på kommunnivå identifierades eko-
systemtjänstknippen i Norrströms avrinningsområde i Sverige. Fem typer av 
knippen identifierades och dessa var geografiskt fördelade i olika delar av av-
rinningsområdet. Dessutom utforskades hur jämnt ekosystemtjänsterna var 
spridda i regionen. Detta kulturlandskap visade sig vara mycket multifunkt-
ionellt, både vad gäller dess mångfald och jämna fördelning av ekosystem-
tjänster, och i förhållande till andra platser. 

 
Fyra teoretiska modeller utvecklades för att undersöka de sociala, ekologiska 
och geografiska orsakerna till fördelningen av ekosystemtjänster och eko-
systemtjänstknippen i Norrströms avrinningsområde. Modellerna skapades 
genom att använda centrala antaganden från fyra olika teorier om samspelet 
mellan människa och natur. Dessa teorier användes för att skapa sociala, eko-
logiska och geografiska variabler för att testa deras förmåga att beskriva för-
delningen av ekosystemtjänster och ekosystemtjänstknippen. Ingen modell vi-
sade sig ensam vara bättre än de andra på att förutspå utbredningen av eko-
systemtjänster och ekosystemtjänstknippen. Knippena förklarades sämre än 



individuella ekosystemtjänster av modellerna. Dock kunde modellerna ge tyd-
lig information om variationen av ekosystemtjänster i regionen, trots den be-
gränsade informationen modellerna baserats på. 

 
Knippen med ekosystemtjänster undersöktes för hela Sverige med hjälp av 
offentliga data för fyra olika tidpunkter från och med år 2000. Endast små 
skillnader i ekosystemtjänstknippen gick att påvisa mellan de olika åren. För-
hållandena mellan de olika knippena och flera sociala, ekologiska och geogra-
fiska variabler utvärderades. Den statiska geografiska variabeln latitud till-
sammans med skog och odlad mark hade störst påverkan på hur fördelningen 
av ekosystemtjänstknippen såg ut.  

 
Slutligen undersöker avhandlingen även de olika tolkningarna av konceptet 
ekosystemtjänstknippen. Fördelarna med att använda ekosystemtjänstknippen 
har lyfts fram, inklusive hur fokus på knippen förenklar analys, förenklar för-
valtning, hjälper till att utveckla teori kring social-ekologiska system, ger stöd 
ifall information saknas, samt att koppla samman separata forskningsområden 
och intressentgrupper. Olika sätt att förbättra forskningen om ekosystem-
tjänstknippen är presenterade genom en diskussion om social-ekologiska in-
dikatorer, skala och förhållandet mellan ekosystemtjänster och parametrar 
som påverkar dem. Ett ramverk har tagits fram för att hitta kompabilitet mel-
lan olika metoder för att studera ekosystemtjänstknippen och hur jämförelser 
mellan dessa kan ske, då det finns mycket att lära från att jämföra olika studier 
med varandra. 
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Introduction 

Humanity has always depended on nature for sustenance and shelter. Human 
activities have intentionally and inadvertently altered ecosystems around the 
world to provide for those needs (Rockström et al. 2009). The human enter-
prise is now so prolific and far-reaching that it rivals global geological pro-
cesses (Steffen et al. 2011, Waters et al. 2016). The world has entered the 
Anthropocene, an epoch in which human action is altering the entire Earth 
System. More land than ever is used for food production and urban develop-
ment; biodiversity is being lost faster than ever seen before; and ever-increas-
ing carbon emissions are warming the planet. (Foley et al. 2005, Gibbs et al. 
2010, Steffen et al. 2015a, Steffen at al. 2015b) These changes are altering the 
ecosystem services ecosystems are able to provide.  
 
Although the term ecosystem services does not appear until 1981 in Ehrlich 
and Ehrlich’s seminal book Extinction: The Causes and Consequences of the 
Disappearance of Species, the dependence of people on nature was under-
stood long before. In 1864 George Perkens Marsh described the earth as finite, 
the benefits it can provide as limited and that it is vulnerable to human actions. 
Despite this long understanding of human and nature interconnectedness, eco-
systems have been degraded over the past 50 years (MA 2005).  
 
Ecosystem services are the myriad of direct and indirect benefits – such as 
foods, fuels, fibers, clean water, coastal protection, spiritual fulfillment, pest 
management – that are provided by ecosystems that are necessary for socie-
ties’ wellbeing and development. The ecosystem service concept helps artic-
ulate the connectedness of people and their environments. To maintain the life 
supporting services ecosystems provide and ensure the continued wellbeing 
of people, a deeper understanding of the reciprocal relationship between peo-
ple and ecosystems is needed.  
 
Globally, the ecosystem service concept has garnered the interest of govern-
ments and international bodies recognizing the urgency in ensuring the supply 
and reliability of ecosystem services at local, regional and global scales (Ben-
nett et al. 2015, Rieb et al. 2017). The Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services (IPBES), for example, is an in-
ternational effort synthesizing the state of knowledge on the production of 
ecosystem services, who benefits from them, and with what implications. 
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Sweden has been one of the leading nations to increase awareness of ecosys-
tem services, and in 2014 the Swedish government adopted a national mile-
stone target on the importance of biodiversity and the value of ecosystem ser-
vices. As such, Sweden provides fertile ground to further methods operation-
alizing an ecosystem service approach. This thesis assesses ecosystem ser-
vices within Sweden at a regional and national scale. It advances methods for 
using readily accessible data to assess and evaluate landscapes from an eco-
system service perspective. It also provides tools for learning across regions 
and studies of ecosystem services.  
 
The environments in which we live are complex. They develop and evolve in 
non-linear ways, yet current management practices often assume incremental, 
linear change. Compartmentalized thinking around, for example, attempts to 
optimize economic growth, agricultural production or land development can 
lead to unintended consequences like the erosion of supporting functions and 
other critical services. This thesis presents ecosystem service bundles as a con-
ceptual approach that is a simplified representation of the world, but that em-
braces the dynamic interconnected nature of social-ecological systems. This 
thesis uses the ecosystem service bundles concept to describe the social-eco-
logical landscapes within Sweden; explores how social, geographic, and eco-
logical dynamics relate to ecosystem service bundles; and further develops the 
ecosystem service bundle approach by testing accessible data, feasible meth-
ods, at applicable scales, and expanding comparability with other assessments. 
  
In this summary chapter I begin by outlining the theory of ecosystem services 
and social-ecological systems. I describe the aims of this thesis and present 
the research questions guiding the papers it contains. I explain my research 
approach and the case studies used. I summarize the results from the papers. I 
then synthesize the results and discuss the contributions of this work.  

Ecosystem services 
 
The concept of ecosystem services was developed to emphasize ecosystem 
functions and structure as useful and necessary for society (Ehrlich and Ehr-
lich 1981). I define ecosystem services as the environmental attributes that 
provide material and immaterial benefits to people. I delineate between eco-
system services and the benefits people experience. Ecosystem services do not 
exist in the absence of humans, but to what extent benefits are realized and by 
whom can vary greatly.  
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Ecosystem services are co-produced by human-nature interactions (Kumar 
and Kumar 2008, Reyers et al. 2013). From simply benefiting from an eco-
system function, to using a product of the environment, to shaping and man-
aging landscapes for a decided purpose, people are interacting with their en-
vironment co-creating ecosystem services. The dynamics of ecosystem ser-
vices have been illustrated by a variety of conceptual frameworks. Linear 
frameworks such as Haines-Young and Potschin (2010) and De Groot et al. 
(2010) illustrate a cascade or flow of benefits from ecosystems to people. Val-
ues are derived from the benefits that are garnered by the ecosystem services 
that are a product of the functions of biophysical structures. The feedbacks 
included in this framing focus on people altering ecosystems to meet their 
needs. This linear conceptualization lends itself well to analysis of its constit-
uent parts. However, this approach fails to capture the interactive feedbacks 
between people and nature. Circular conceptualizations such as Reyers et al. 
2013 (see Figure 1) and the IPBES framework (Díaz et al. 2015) emphasize 
the cyclical interactions between people and nature, including the diversity of 
ecosystem services provided as well as societies’ role in the provision of eco-
system services.  

 

 
Figure 1. Ecosystem service conceptual framework (adapted from Reyers et 
al. 2013) Social-ecological factors (A) determine the sets of ecosystem ser-
vices produced (B) that flow to different beneficiary groups (C). The per-
ceived effects on wellbeing influence the management and governance struc-
tures (D) that shape the production capabilities within the social-ecological 
system.  
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This thesis is focused on social-ecological contexts producing sets of ecosys-
tem services, therefore is grounded in a circular conceptualization of ecosys-
tem services - particularly, the social-ecological factors producing bundles of 
ecosystem services, dimensions A and B in Figure 1. Nevertheless, Paper IV 
in this thesis draws on a linear framework to illustrate the discussion on eco-
system service indicator types. 
 
Landscapes provide multiple ecosystem services and these services interact 
with each other (Rodríguez et al. 2005). The relationships among ecosystem 
services can be either as trade-offs, synergies, or bundles (Bennet et al. 2009, 
Cord et al. 2017). The specific nature of their relationship can be due to the 
effect of common social and ecological drivers or a direct interaction between 
services (Rodríguez et al. 2006). For example, crop production and water qual-
ity are not necessarily directly related, but with the addition of fertilizers to 
the system, crop production increases at the expense of water quality (Bennett 
et al. 2009). In contrast, the trade-off between carbon sequestration and water 
provisioning is the result of a direct interaction between services, because the 
increase in evapotranspiration caused by tree growth decreases water availa-
bility (Bennett et al. 2009). Direct interactions between ecosystem services 
can either be synergistic (increases in one service increase another service) or 
trade-offs (increases in one service decreases another service) (Bennett et al. 
2009).  
 
Common trade-offs among services are those between provisioning services 
and regulating services, for example, crop yield and water quality (Tilman et 
al. 2002, Zhang et al. 2007) and timber and carbon storage (Putz and Romero 
2001, Nelson et al. 2008) Research on trade-offs between ecosystem services 
has been dominated by a focus on aggregate system-level processes, such as 
between carbon sequestration and water quality in a landscape. Other trade-
offs like the ones between the wellbeing of different groups of people (Iniesta-
Arandia et al. 2014), or between individual groups and system-level objectives 
(McShane et al. 2011) are also critical but have been studied less.  
 
Another distinct trend within studies looking at ecosystem service interac-
tions, is a focus on spatial distribution and patterns (Mouchet et al. 2014, 
Birkhofer et al. 2015, Rau et al. 2018). Substituting spatial variability for 
changes over time has a long tradition in ecology (Pickett 1989) and has been 
directly and indirectly implied in the mapping of ecosystem services (Tom-
scha and Gergel 2016). However, while both a spatial and temporal approach 
to infer interactions among ecosystem services can be informative, they can-
not be treated as being completely commensurate. For example, an assessment 
of ecosystem services that compete for the same land type may appear as syn-
ergistic using a spatial approach but may show a trade-off when assessed over 
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time (Tomscha and Gergel 2016). A temporal approach will be more sensitive 
to drivers that are heterogeneous across space, interactions that change over 
time, and landscape history (Tomscha and Gergel 2016).  
 
Multifunctional landscapes have an opportunity to provide benefits to a wider 
set of needs or preferences. Multifunctional landscapes perform a high variety 
of functions and provide a diversity of ecosystem services within the same 
place (Hölting et al. 2019). The ability of a landscape to provide a range of 
ecosystem services is thought to signify a maintenance of supporting ecosys-
tem functions (Brandt and Vejre 2004, Hector and Bagchi 2007) and reflect 
ecological resilience (O’Farrell and Anderson 2010). Landscape multifunc-
tionality is a worthy goal, particularly in the face of imperfect information and 
uncertainty. One way to evaluating multifunctionality is by assessing the 
range and levels of ecosystem services produced in a place.  

Ecosystem service bundles 
 
Landscapes can be described in terms of the ecosystem services produced in 
them. Consistently reoccurring sets of multiple ecosystem services are con-
ceptualized as ‘bundles’ of ecosystem services (Cumming and Peterson 2005, 
Bennett et al. 2009, Raudsepp-Hearne et al. 2010). Most commonly, ecosys-
tem service bundles refer to reoccurring configurations of multiple ecosystem 
services across space in a landscape or region (e.g. Raudsepp-Hearne et al. 
2010, Turner et al. 2014, Queiroz et al. 2015 (Paper I)). However, ecosystem 
service bundles can also refer to the different configurations of multiple ser-
vices used by different stakeholder groups (Hamann et al. 2015). They can 
also be the sets of services preferred by stakeholder groups (Martín- López et 
al. 2012). Each of these conceptualizations, as described further in Paper IV, 
of ecosystem service bundles highlights the multifunctionality of a given land-
scape but viewed from slightly different angles through the lens of a social-
ecological framework.  
 
Maintaining the capacity of landscapes to generate multiple ecosystem ser-
vices that flow to multiple beneficiaries has been emphasized as key for 
achieving the goal of sustainability (Kremen et al. 2012, Reyers et al. 2012). 
Bundles of ecosystem services, where a broad set of ecosystem services are 
produced, can be conceptualized as multifunctional ecosystem service bundles 
(Foley et al. 2005, O’Farrell and Anderson 2010). Generating and maintaining 
multifunctional ecosystem service bundles is difficult (Renard et al. 2015), but 
there is evidence that they provide ecosystem stability (Pan et al. 2013, But-
terfield et al. 2016) and are socially desirable, potentially contributing to hu-
man wellbeing for a diverse set of beneficiaries (Martin-López et al. 2012, 
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Fischer et al. 2017). Humans depend on the continued production of ecosys-
tem services. It is critical to develop and target political interventions and 
management strategies that enhance a multiplicity of ecosystem services with-
out undermining the long-term capabilities of ecosystem service production. 
The ecosystem service bundles approach can benefit managers and policy 
makers managing complex landscapes. By highlighting interactions among 
services, it discourages interventions to enhance single ecosystem services 
without thinking about its impact on other services. The approach can also 
identify interventions that can have simultaneously desired effects on multiple 
ecosystem services. Furthermore, by identifying different ecosystem service 
bundles in a landscape, decision makers can focus on when and how shifts 
between different configurations are possible or desirable. 
 
I have been involved in several of the major research communities, and net-
works, engaged with ecosystem services. These include the CGIAR’s water, 
land and ecosystems program, the Global land programme (GLP), the Ecosys-
tem service partnership (ESP), the Natural capital project (NatCap), and most 
intimately the Programme on ecosystem change and society (PECS). Navi-
gating the different cultures of these groups has helped me to hone my own 
position and perspective on the concept of ecosystem services. I approach eco-
system services as co-produced social-ecological emergent properties of com-
plex adaptive systems. This social-ecological systems perspective, as outlined 
in more detail below, emphasizes humans as part of nature and the dynamic 
feedbacks between those two parts. Research from this perspective often fo-
cuses on the interactions of social and ecological components to produce eco-
system services. An ecological perspective on ecosystem services, by contrast, 
focuses more on the role of ecosystems to supply benefits to people. The 
NatCap for example has developed a suite of tools for quantifying and map-
ping ecosystem services based primarily on ecological production functions 
to highlight areas important for ecosystem service provision (Tallis and Po-
lasky 2009). Alternatively, an ecological economics perspective on ecosystem 
services emphasizes their monetary and non-monetary valuation. Expressing 
ecosystem services as natural capital eases their incorporation in national ac-
counting and economic models (Costanza et al. 1997, Fisher et al. 2008, 
Gómez-Baggethun et al. 2010). Ecosystem services can also be approached 
from a development perspective which focuses on questions such as, how eco-
system services contribute to livelihoods (Fisher et al. 2013), how are ecosys-
tem service benefits realized and by whom (Daw et al. 2011), and how do 
social institutions shape peoples relationships to ecosystem services (Ernstson 
2013). Importantly, these perspectives are not isolated from one another. The 
cross fertilization between these perspectives is key to gaining a fuller under-
standing of how ecosystem services are produced, used, valued and managed.  
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Social-ecological systems perspective 
 
Human societies depend on the continued supply of material and immaterial 
benefits from the environment to sustain livelihoods, provide food, resources, 
healthy environments and enjoyment. However, the systems that supply these 
benefits are complex, shaped by human interventions, internal feedbacks, and 
continuously evolving across time and space (Berkes and Folke 1998, Folke 
2007). These are social-ecological systems: interdependent and linked sys-
tems of people and nature that are nested across scales (Fischer et al. 2015). 
People are part of ecosystems and shape them, from local to global scales, 
from the past to the future and are at the same time fundamentally dependent 
on the capacity of these systems to provide services for human wellbeing and 
societal development. In a paper which I co-authored (outside the scope of this 
thesis) we illustrated the reiterative process, across scales and time, in which 
people use, modify, and care for nature that in turn provides material and im-
material benefits (Figure 1, Fischer et al. 2015). Social-ecological systems ex-
hibit non-linear dynamics, with the internal components reorganizing in re-
sponse to changes or shocks (Scheffer et al. 2001, Scheffer and Carpenter 
2003). The study of social-ecological systems requires a holistic approach em-
bracing the complexity of emergent properties, internal feedbacks, self-organ-
ization, and cross scale dynamics (Crépin et al. 2012, Walker and Salt 2006). 
 
 

 
Figure 2. Social-ecological systems are defined by the relationships between 
people and their environments. (Source: Fischer et al. 2015)  
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This thesis takes a social-ecological perspective on ecosystem services to em-
phasize the integrated relationship between the social and ecological compo-
nents of the system. This differs from other approaches in ecosystem service-
related studies that either focus on the ecological processes associated with 
ecosystem service production (and often exclude the social factors also in-
volved) (de Bello et al. 2010, Lavorel 2013) or explicitly focus on the impli-
cations ecosystem service flows have for human wellbeing (Polishchuk and 
Rauschmayer 2012, Fisher et al. 2014). It has been argued that a social-eco-
logical approach – that integrates social and ecological factors in the genera-
tion and delivery of ecosystem services – can help develop better targets, pol-
icy objectives, and indicators with regards to ecosystem services and sustain-
ability (Reyers et al. 2013). 
 
Research on ecosystem service bundles is one example of how social-ecolog-
ical integration is shaping ecosystem service research; but it also is part of a 
recent focus on representing social-ecological systems in space (Andersson et 
al. 2007). Despite the complexity of interactions between social and ecologi-
cal components across scales, providing some form of spatial representation 
of social-ecological context is crucial for making informed management deci-
sions in a landscape (Walker et al. 2002, Cumming et al. 2006, Folke et al. 
2007). Knowledge of the spatial distribution of social-ecological characteris-
tics helps anchor interventions to the specific sustainability challenges of that 
place (Cumming et al. 2014). A variety of other approaches have been imple-
mented to attempt to map social-ecological systems. Land use and land cover 
data has been coupled with human population density to visualize different 
types of ‘anthromes’ (Ellis and Ramankutty 2007). Social-ecological 
‘hotspots’ have been shown by overlaying ecological data with social prefer-
ences and perceived values of places in the landscape (Alessa et al. 2008). 
These approaches join social datasets with ecological datasets. Ecosystem ser-
vices, on the other hand, are defined as emergent properties of social-ecolog-
ical systems. People and nature co-produce ecosystem services, through inter-
actions between ecological processes and societal management and demand 
(Reyers et al. 2013). The mapping of ecosystem services attempts to visualize 
social-ecological dynamics of landscapes (Kareiva et al. 2011, Syrbe and 
Walz 2012).  
 
Despite the research development described above, there is still a lack of so-
cial-ecological theories for the production and distribution of ecosystem ser-
vices. To date most ecosystem service assessments rely on land use or land 
cover to predict ecosystem service distribution and land use change as the 
main driver of ecosystem service production (Costanza et al. 1997, Burkhard 
et al. 2009, Nelson et al. 2009). Land use reflects the interactions between the 
biophysical characteristics of the land and the human management thereof and 
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provides an uncomplicated starting point for exploring ecosystem service pat-
terns from a social-ecological perspective. However, this approach may be 
ignoring key institutional, political, economic, and geographic variables – and 
their interactions with ecological factors – that may be important to under-
standing and modeling a broad set of ecosystem services (Scheffer et al. 2000, 
Norgaard 2010, Ernston 2013, Kull et al. 2015). Improvements in predicting 
ecosystem services and their bundles has been seen when these more diverse 
variables are taken into account (Meacham et al. 2016 (Paper II)). Clearly, 
this remains a fruitful research avenue that would facilitate and expedite the 
assessment of ecosystem services, the relationships between them, and how to 
manage for the multifunctional bundles of ecosystem services desired. 
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Aim of this thesis/research questions 

The aim of this thesis is to use the concept of ecosystem service bundles to 
describe the social-ecological landscapes within Sweden and further develop 
the ecosystem service bundle approach by testing accessible data, feasible 
methods, at applicable scales, and expanding comparability with other assess-
ments. 
 
The research questions guiding each of the papers are as follows: 
 
Paper I 
How can publicly available data be used to show the multifunctionality of 
municipalities? 
What variation in ecosystem service configurations are seen across the Norr-
ström drainage basin? 
 
Paper II 
How do different social and ecological factors shape the distribution and con-
figuration of ecosystem services across the Norrström drainage basin? 
How well do social-ecological models of human impact on ecosystems ex-
plain ecosystem service patterns? 
 
Paper III 
How are multiple ecosystem services distributed and configured in Sweden 
over time?  
How have social, geographic and ecological co-variables changed over time 
and how do they relate to the ecosystem services? 
 
Paper IV 
How are ecosystem service bundles defined? 
What are the benefits to assessing bundles of ecosystem services? 
What are strategies for comparing across ecosystem service bundles cases? 
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Research approach  

The work in this thesis builds on work carried out in case studies (Papers I, 
II, and III) as well as within a collaborative research network (Paper IV) 
(see Figure 3). The case studies were part of the scientific research project 
on social-ecological dynamics of ecosystem services in the Norrström basin 
(SEEN). SEEN took a social-ecological approach to studying this region and 
my role within the project specifically focused on the ecosystem services 
present. The SEEN project was endorsed by the Programme on ecosystem 
change and society (PECS). As an endorsed project of PECS, SEEN contrib-
uted to PECS broadly, and specifically helped shape the working group on 
social-ecological dynamics of ecosystem services (see Box 1). I shared my 
time between the SEEN project and helping run the international program 
office of PECS. I had a fundamental roll in developing the research objec-
tives within PECS and shaping my studies to contribute to PECS in the most 
effective way. This embedded my research in the broader research commu-
nity and expanded its impact.  
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Box 1. Programme on Ecosystem Change and Society (PECS)  
 
PECS is an international, transdisciplinary research network tasked with 
integrating research on the stewardship of social-ecological systems, their 
ecosystem services, and their relationship to human wellbeing (Carpenter 
et al. 2012). PECS is a platform for scientists and practitioners engaged in 
empirical social-ecological case studies to come together in cross-cutting 
working groups. These working groups develop new empirical insights or 
conceptual advances by comparing and synthesizing across cases. The 
working group on social-ecological dynamics of ecosystem services con-
sists of 18 long-term, in-depth, regional case studies that have investigated 
ecosystem service trade-offs and synergies across different landscapes and 
seascapes. The cases within this working group all have a social-ecological 
perspective and use similar approaches.  

 
Current objectives of the social-ecological dynamics of ecosystem services 
working group are: 

 
• Do ecosystem services cluster similarly across case studies creating 

similar bundles? Are these bundles markers of social-ecological 
systems? 

• How can we explain the ecosystem services patterns found using 
social, ecological and geographic divers and co-variables? 

• What methods are used across studies of ecosystem services and to 
study the relationships among them? How does social-ecological 
context and data availability vary, determine methodological ap-
proach and effect comparability across cases? 

• What role do social dynamics across scales play in the distribution 
of ecosystem services. 

 
 
Paper IV is a product of the PECS working group on social-ecological dy-
namics of ecosystem services. It is a theoretical and methodological study of 
ecosystem service bundle utilization. The working group consists of 18 long-
term, in-depth, regional cases studies that have assessed trade-offs and syner-
gies of multiple ecosystem services. The opportunities for synthesizing and 
learning across these cases are immense yet challenging. The researchers for 
each case, along with their ecosystem service data, gathered for two work-
shops in Stockholm in 2015 and 2016. Comparing data and cases that have 
different aims, research questions, and methods is difficult, but an iterative 
process of comparing indicators, discussions of scale, and linking analytical 
approaches led to a list of key elements uniquely important in the study of 
ecosystem service bundles and for facilitating their comparison. This paper 
also includes an investigation into the variation in the conceptualization of 



15 

bundles of ecosystem services using both the range of cases within the work-
ing group as well as broader literature around the ecosystem service bundle 
concept.  

 
 

 
Figure 3. The progression of the papers and their influence on each other. 

 
Papers I, II, and III are case studies. Paper I was contributed to the PECS 
working group on the social-ecological dynamics of ecosystem services. Pa-
per IV is a product of that working group. Paper II expands on the ecosystem 
service analysis presented in Paper I. The analysis of drivers in Paper II in-
formed and was informed by the discussion of drivers in Paper IV. The 
choices of indicators, co-variables, and how the results are discussed in Paper 
III are informed by the suggestions in Paper IV.  
 

Study area 
 
Sweden acts as the case study for Paper III and the Norrström drainage basin, 
within Sweden, acts as the case study for Paper I and Paper II.  
 
Sweden has been a leader in the acceptance of the ecosystem service concept 
and integrating an ecosystem service approach at the national, municipal and 
local level of government (Miljödepartementet 2012, Miljödepartementet 
2013). In 2014 the government introduced a bill titled, “A Swedish strategy 
for biological diversity and ecosystem services” (Miljödepartementet 2014). 
This added five new milestones for biodiversity and ecosystem services to the 
environmental goal system. One of the most important milestones states that 
"by 2018, the importance of biodiversity and the value of ecosystem services 
must be generally known and integrated into economic positions, political 
considerations and other decisions in society where relevant and reasonable." 
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(Jönsson et al. 2017). The planning and building authority (PBL) has also 
mandated that ecosystem services must be taken into account by municipali-
ties in there planning activities. (Hanson et al. 2016). For information about 
the general Swedish context see Box 2. 
 
The Norrström drainage basin is located in south-central Sweden. It contains 
two of Sweden’s largest lakes, Lake Hjälmaren and Lake Mälaren, as well as 
Sweden’s capital and largest city, Stockholm. The drainage basin covers 62 
municipalities. The eastern parts of the region have a maritime climate and are 
experiencing population growth. The western parts of the region have a more 
continental climate and have experienced a decline in population over the last 
30 years. The Norrström drainage basin is an interesting case to study the dy-
namics of ecosystem services because it is a variable region with a variety of 
social, economic, ecological, and geographic contexts (Sporrong 2008). 
 
 

Box 2. Sweden 
 
Sweden is a Northern European country with a population of 10,343,403 
people (March 2020 SCB) (see figure 4). It is the third largest European 
country with a total area of 450,295 sq. km and 3,218 km of coastline. Ap-
proximately 15% of Sweden is situated north of the Arctic Circle. Despite 
its northern latitude, the climate of Sweden is tempered by the Gulf Stream, 
the warm ocean current off the west cost of Norway. The terrain is mostly 
flat or gently rolling lowlands that transition into mountains in the West and 
North. Approximately 69% of Sweden is forest, 16 % is agricultural and 
grazing land, and just 3% is build-up land (SCB 2019).  
 
Sweden is a parliamentary constitutional monarchy. A unicameral parlia-
ment or Riksdag is the legislative branch of the government. Legislation is 
implemented and enforced by municipalities. Compared to other EU coun-
tries, the municipal level of government is uniquely powerful (Jorden and 
Liefferink 2004). Municipalities are tasked with providing social services 
as well as preforming the environmental interventions, management and 
monitoring.  
 
European environmental pioneer 
Sweden was the first country in Europe to establish national parks. In 1909 
and 1910, several parks were dedicated around the country, large areas of 
the northern mountainous regions were preserved in particular. This was 
the creation some of Sweden’s most famous national parks such as Abisko 
and Sarek National Parks. Sweden’s reputation for environmental aware-
ness has grown ever since. Sweden joined the European Union (EU) in 
1995. One key apprehension when deciding whether to join and still a 
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source of conflict now is that Sweden often has more strict environmental 
regulations than the EU and adopting EU standards often results in a low-
ering of environmental regulation requirements (Jorden and Liefferink 
2004).  
 
Allemansrätt 
Allemansrätt literally translates to ‘everyman’s right,’ but is referred to in 
English as the Right of Public Access. Allemansrätt is a cultural tradition 
that originates in the provincial laws and customs from the Middle Ages 
(Colby 1988). It was formalized into the Swedish constitution in 1994 as 
article 15 stating, “Everyone shall have access to the natural environment 
in accordance with the right of public access” (Sveriges Riksdag 2016) Al-
lemansrätt in practice allows for hiking, camping, berry and mushroom 
picking, swimming and many more outdoor activities to take place on pri-
vate property as long as it follows a principle of “do not disrupt, do not 
destroy” (Naturvårdsverket 2020). This long-guaranteed access to nature 
has provided for the development of nature-based cultural norms, traditions 
and awareness (La Mela 2014).  
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Figure 4. Map of Sweden 
The population density for each municipality is shown using the color scale.  
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Case study methods 
 
The work presented in the first three papers of this thesis is largely based on 
publicly available statistics. Using this kind of data is useful for three reasons: 
First, it allowed for analysis of ecosystem services at the municipality scale 
for both the Norrström drainage basin as well as the whole of Sweden. Second, 
these kinds of statistics are readily available to all municipalities in Sweden 
for them to use in this kind of way. Third, these kinds of statistics are often 
available in other parts of the world enabling this kind of ecosystem service 
assessment.  
 
Paper IV discusses the types of indicators used in the assessment of ecosys-
tem service bundles. It illustrates the range of indicator types by using the 
ecosystem service chain of production, from the ecosystem’s potential pro-
duction to supply to use to societal preference. The ecosystem service indica-
tors used in Papers I-III come from more of the supply side of the chain of 
production, some are closer to the use category, but none directly measure 
people’s preferences. For example, commercial forest area is used to indicate 
the provisioning of timber products. This type of indicator comes from the 
potential production and supply side of the ecosystem service chain of pro-
duction. Number of horses, on the other hand, is used as an indicator of the 
recreational activity of horseback riding. This indicator comes more from the 
supply and use part of the chain. There is a wide range of indicators that can 
be used for a given ecosystem service, coming from every part of the chain of 
production. The research design and case study context will determine which 
are appropriate. In the case of Papers I-III priorities were given to indicators 
that were readily available, mostly focused on the supply side of ecosystem 
service provision and could be assessed spatially at the appropriate scale.  
 
Each of the papers employed a variety of methods and analyses. Table 1 sum-
marizes the types of analyses utilized in each paper and its purpose.  
 
Table 1. Analyses 

Type of analysis Purpose Papers 
Mapping using geo-
graphic information 
systems (GIS) 

Visualizing spatial patterns  I,II,III 

Correlation To explore the relationships between 
pairs of ecosystem services or co-varia-
bles 

I,II,III 

Residuals of each 
category of ecosys-
tem services 

To find areas under- or overperforming 
the mean 

I 
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Evenness analysis 
using Simpson’s in-
dex 

Calculating the diversity of ecosystem 
services per municipality give an indica-
tion of multifunctionality  

I 

Moran’s I Calculating the spatial autocorrelation of 
ecosystem services or co-variables 

II,III 

Principal component 
analysis (PCA) 

Identify the main explanatory factors of 
the 
variability and distribution of the eco-
system services across the municipalities 

I 

K-means clustering Partitions the municipalities into district 
sub-groups (clusters) and minimizes 
within cluster variance. The prototype 
for each cluster is the levels of the eco-
system services at the centroid of the 
cluster, the ecosystem service bundle. 

I,III 

Least-squares 
multiple linear re-
gression 

Compares how well the drivers in the 
theory-based models predict individual 
ecosystem services 

II 

Principal component 
analysis of instru-
mental variables 
(PCAIV) 

Determines how the assessed drivers or 
co-variables and the assessed ecosystem 
services are related to one another by as-
sessing how the distribution pattern of 
the drivers or co-variables across the 
municipalities matches the distribution 
pattern of the ecosystem services across 
the municipalities 

II,III 

Hierarchical parti-
tioning  

Identify the relative importance of each 
driver in predicting ecosystem services 
by identifying the relative contribution 
of each variable to the total variance 

II 

Random forest Assesses the relative importance of the 
drivers or co-variables in the prediction 
of ecosystem services and the ecosystem 
service bundles. It also allowed assess-
ment of the theory-based models ability 
to predict individual ecosystem services 
and bundles of ecosystem services. 

II,III 
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Paper I 
The Norrström drainage basin acts as the study area for both Paper I and Pa-
per II. In this study 16 ecosystem services were measured and mapped across 
the 62 municipalities of the drainage basin. K-means cluster analysis found 
five types of municipalities, defined by their similarity in the sets of ecosystem 
services found there. The evenness of the distribution of the ecosystem ser-
vices across the region was assessed. Municipalities that were over- and un-
derperforming with the regards to the level of each category of ecosystem ser-
vices were highlighted.  

Paper II 
This paper bridges empirically based ecosystem service mapping and theory 
driven modeling. It tests the ability of four models of human-environment in-
teraction to predict the spatial distribution of ecosystem services and bundles 
of ecosystem services. The ecosystem service and bundles of ecosystem ser-
vice data from Paper I act as the empirical foundation for this study. Four 
theories of human-nature interaction were chosen as the basis for the models. 
These theories were selected because they represent different depictions of 
human-nature interactions still widely referenced. The models were developed 
using the key driver variables emphasized in these theories of human-nature 
interactions from different disciplines. Table 2 outlines each model, the driv-
ers used to represent it and its disciplinary background. 
 
Table 2. Theory-based models  

Theory-based model and its core 
assumption Drivers Theoretical roots 

Land use 
The biophysical landscape con-
strains human activity. 
 

Arable land, 
grazing land, 
forest area, 
built-up land 

Ecology (York et 
al. 2003) 

Ecological modernization 
Environmental quality is a de-
mand of sufficiently affluent and 
mature societies. 
 

Wealth, 
education 

Political science 
and economics 
(Kuznets 1955, 
Grossman and 
Krueger 1995) 
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Ecological footprint 
People consume and degrade nat-
ural resources leading to negative 
environmental impacts. 
 

Population 
density, 
income 

Human Ecology 
(Harrison and 
Pearce 2000 and 
Jorgenson 2003) 

Location theory 
The value of land is determined 
by its distance from a market and 
the value of land determines what 
activities will take place there. 
 

Distance from 
Stockholm, 
slope 

Geography (von 
Thünen 1826, Grif-
fith 1999) 

 
Several analyses were performed. Correlations among drivers were calculated 
using Pearson’s correlation coefficient. Multiple linear regressions were used 
to compare how well the models predict individual ecosystem services. To 
determine how the assessed drivers and the assessed ecosystem services are 
related to one another, a Principal analysis of instrumental variables (PCAIV) 
was conducted. Random forest was used to compare how each model predicts 
individual ecosystem services and each bundle of ecosystem service.  

Paper III 
This paper analyses ecosystem services and co-variables across the 290 mu-
nicipalities of Sweden over four time periods (2000, 2005, 2010, 2015). Pub-
licly available data were used for the ecosystem service indicators and co-
variables. We mapped the spatial distribution of the ecosystem services across 
all municipalities and time steps. We measured the variation in ecosystem ser-
vice presence and spatial distribution. Using clustering analysis, we explored 
how the ecosystem services were configured across Sweden. We used these 
ecosystem service bundles to assess how municipalities changed over time. 
We relate the changes in ecosystem service patterns to the social, economic 
and geographic co-variables and their changes over time.  

Limitations to the case study methods 
Using publicly available data on the municipal scale presents several chal-
lenges. First, taking a spatial approach and using data that is aggregated to the 
municipal scale obscures the diversity of preferences of individual people. As 
I discuss in Paper IV, how well the ecosystem services measured reflect the 
preferences and needs of the people living there depends on the strength of the 
feedbacks between the social domain and the ecosystem. Nevertheless, multi-
functional landscapes, which provide a wider range of ecosystem services, are 
able to provide for a more diverse range of preferences, as I have argued for 
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in Fischer et al. (2017). Second, the data used in this type of analysis is limited 
to data that already exists. There are many social-ecological activities that 
would be indicators of ecosystem services, but they are not measured or re-
ported in a way that could be used here. Reindeer husbandry, for example, is 
a key livelihood of the Sámi people in northern Sweden. Unable to find data 
on reindeer husbandry that was compatible with the analysis used here, that 
ecosystem service is unaccounted for in our analysis. An overreliance on pub-
licly available statistics without considering these limitations may further ex-
aggerate the marginalization of groups and activities where monitoring is not 
done or reported. That is why the analyses presented in the thesis should not 
be considered as an accounting of the ecosystem services present in Sweden 
or the Norrström drainage basin, but rather an alternative approach to describ-
ing the landscapes present and demonstrating a method that can be used to 
operationalize an ecosystem service perspective.  
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Key results  

By assessing multiple ecosystem services simultaneously, Paper I, found five 
consistent sets of ecosystem services reoccurring throughout the landscape 
(Figure 5). Diversity of ecosystem services was high across most municipali-
ties. There were correlations between provisioning, regulating and cultural 
services suggesting trade-offs and synergies between these categories of ser-
vices. For example, some municipalities, like Västerås, were hotspots for pro-
visioning services while simultaneously cold spots for cultural and regulating 
services. Urban areas were a hotspot for cultural ecosystem services. How-
ever, in comparison to other regions that have performed similar analyses, the 
trade-offs between the different categories of ecosystem services were less 
pronounced in the Norrström drainage basin (Raudsepp-Hearne et al. 2010, 
Maes et al. 2012, Martín-López et al. 2012, Plieninger et al. 2012), suggesting 
a high level of multifunctionality for the region as a whole.  
 

 
Figure 5. The ecosystem service bundles and their spatial distribution across 
the Norrström drainage basin.  
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Paper II tests the ability of four different models to predict the spatial distri-
bution of ecosystem services and bundles of ecosystem services. The models 
are developed from different theories of human-nature interaction from human 
ecology, political science/economics, ecology, and geography. The paper 
finds that no one model is best at predicting this range of ecosystem services. 
Land use, for example, is the best model for predicting the provisioning ser-
vices, standing water quality, biodiversity appreciation, and cross-country ski-
ing. The location theory model was best at predicting nitrogen and phospho-
rous retention as well as horseback riding. However, cultural services were 
not predicted well by any of the models. Bundles of ecosystem services were 
not predicted as well as individual ecosystem services. Nevertheless, a clear 
picture of the variation of ecosystem services in the region could be seen even 
with this limited information. The Land Use model does as well as the refer-
ence model, which contains all driver variables, in ascribing the right bundle 
to each municipality. The Ecological Footprint model does the best at explain-
ing the variation within each municipality. The municipalities that were con-
sistently ascribed the wrong ecosystem service bundle were urban municipal-
ities whose ecosystem service bundles are more focused on cultural ecosystem 
services.  
 
Land use and land cover do represent a form of social-ecological interaction. 
They have consistently been used as the main gauge for the potential supply 
of ecosystem services (Costanza et al. 1997, Burkhard et al. 2009, Nelson et 
al. 2009). However, this study suggests that land use is not the best indicator 
for certain types of services. The land use model poorly predicted regulating 
and cultural services. Interestingly, two of those cultural services, horseback 
riding and moose hunting, are seemingly closely tied to land use, but were still 
poorly predicted by that model. 
 
This paper highlights the lack of a clear social-ecological theory explaining 
the development and distribution of ecosystem services. Different models did 
best at predicting different services and no models did well at capturing the 
cultural services. Clearly some important variables are missing from the mod-
els used. The development of a social-ecological theory of what drives human-
nature interaction needs to take into account drivers from a range of disciplines 
including, but not limited to, the social sciences, geography, and ecology.  
 
Paper III showed us that the past 20 years have been quite stable in Sweden 
in terms of the provision of multiple ecosystem services and how they are 
configured. Publicly available data allowed us to categorize each municipality 
into one of seven ecosystem service bundles based on the sets of ecosystem 
services provided there.  
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The individual ecosystem services of horses, summer cottages, productive for-
est, non-productive forest, and sheep increased over time while cows, pigs, 
and potatoes decreased. The ecosystem service bundle that gained in number 
of municipalities is characterized by high levels of productive forest and me-
dium levels of nitrogen and phosphorus retention. The bundle that decreased 
over time has both productive forest and non-productive forest as well as some 
horses, summer cottages and phosphorus retention.  
 
The co-variables assessed illustrate gradients to explain the distribution pat-
tern of the ecosystem services. One gradient represents the intensity of human-
dominated landscapes. The other gradient shows the transition from amenity 
centric activities such as non-productive forests and summer cottages to pro-
duction focused ecosystem services such as cows and productive forest. The 
set of co-variables assessed were able to explain 96% of the ecosystem service 
variation. The co-variables with the greatest explanatory ability were latitude, 
forest area, arable area, followed by municipality area and gravity of cities.  
 
Paper IV details the importance of using the ecosystem service bundles con-
cept. Assessing bundles of ecosystem services simplifies analysis, simplifies 
management, helps develop practical social-ecological theory, provides guid-
ance when missing information, and bridges separated research fields and 
stakeholder groups. There are three prevailing conceptualizations of the eco-
system service bundle concept: (1) Supply - the consistent sets of ecosystem 
service reoccurring across a land- or seascape; (2) Use by stakeholders - the 
sets of services consistently used by sets of stakeholders; and (3) Preferences 
- the sets of services consistently preferred by sets of stakeholders. Despite 
this diversity in approaches to assessing ecosystem service bundles, there is a 
need to compare and learn across cases.  

 
This paper highlights three focus areas that emerge as important for under-
standing bundle studies, developing future studies, and facilitating compari-
son. 
 
 
1. Social-ecological indicators. The indicators used in an assessment of 

ecosystem service bundles can reflect the potential production of a ser-
vice, the delivery of a service, the use of a service, or the need or prefer-
ence for a service. Comparing across cases that use indicators that come 
from different dimensions of ecosystem service flow may or may not be 
commensurable depending of the social-ecological context of the study. 
Assumptions about the indicators used need to be made based on how 
closely landscapes reflect the preferences or needs of the people living in 
them, or in other words the strength of the feedbacks between ecosystem 
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service potential production, ecosystem service use and ecosystem ser-
vice value.  

 
2. Scale. The variations in extent, grain and units of analysis can frustrate 

comparisons between studies of ecosystem service bundles. Many factors 
determine the scale of a study such as the availability of data and the 
heterogeneity of the landscape. Certain ecosystem services will more eas-
ily allow for comparison than others despite a discrepancy in scale. Eco-
system services that are evenly distributed across large spatial scales and 
often associated with extensive land cover categories (e.g. crop produc-
tion and forest recreation) will behave more consistently across case stud-
ies that employ different spatial extents and grain. In contrast, ecosystem 
service bundle assessments that are predominantly composed of cultural 
and provisioning ecosystem services that are not associated with exten-
sive land covers, e.g. wild berries or hunting, are types of ecosystem ser-
vices that will likely have unpredictable and very patchy distributions 
across the landscape. Ecosystem services that are dependent on people’s 
access to the particular landscape elements, e.g. recreation, may also oc-
cur in patchy distributions that may not be detected when larger scales of 
observation are used. 

 
3. Interactions and drivers. Ecosystem service bundles exist and persist be-

cause of internal relationships between ecosystem services and external 
drivers affecting one or more ecosystem services or their relationships. 
Comparing across cases is critical to further understanding these relation-
ships. Information on social, ecological and geographic drivers are often 
available in even data poor regions so measuring and reporting this kind 
of common driver information will help facilitate and strengthen compar-
isons.  

 
Finally, this paper highlights opportunities for comparisons through finding 
areas of compatibility, focusing on the structure of the ecosystem service bun-
dle and investigating its relationship to drivers. 
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Discussion and key contributions 

Overall this thesis explores a social-ecological approach for assessing ecosys-
tem services across landscapes. The key contributions from each paper can be 
summarized as follows: 
 
Paper I  Demonstrates an approach for mapping social-ecological sys-

tems expressed as ecosystem service bundles at the regional 
scale 

 
Paper II Presents empirical evidence of a gap in theories of human-

nature interactions 
 
Paper III  Shows the distribution and configuration pattern of ecosys-

tem services across Sweden and how they change over time.  
 
Paper IV  Highlights the benefits to using an ecosystem service bundles 

approach, provides steps for improving future assessments 
and doing comparisons of existing studies 

 

Representing complex adaptive systems using an 
ecosystem service bundles approach 
  
Ecosystem service bundles are simplified representations of complex social-
ecological systems. Understanding bundles of ecosystem services as arche-
types of social-ecological systems can help to identify development and man-
agement strategies that maintain awareness of the underlying ecological pro-
cesses. There are many benefits to using an ecosystem service bundles ap-
proach as outlined in Paper IV, but the ability to represent complex social-
ecological systems in a way that is informative and practical for management 
is instrumental.  
 
Mapping ecosystem service bundles is a visual representation of the multi-
functionality of a place, conveying a powerful message of the types of benefits 
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that are currently dominating and potential opportunities for increasing multi-
functionality. Previous studies have mapped multiple ecosystem services by 
overlaying them (Egoh et al. 2009, Eigenbrod et al. 2010, Gos and Lavorel 
2012) or done social-ecological mapping using separate ecological and social 
data (Ellis and Ramankutty 2008, Letourneau et al. 2012, Su et al. 2012). Pa-
per I and III advances the mapping of ecosystem services by using clustering 
as a method to determine consistency in relationships. These papers also use 
ecosystem service indicators that are accessible and can be considered social-
ecological in nature, often influenced both by ecological constraints and social 
use.  
 
Papers II and III improve the understanding of the social-ecological dynam-
ics that contribute to producing ecosystem services. Social, geographic and 
economic factors in addition to ecological conditions have contributed to cre-
ating specific landscapes within Sweden. Social and geographic factors play 
an important role in sculpting the types of contributions nature can make to 
societies. Ecosystem service bundles may elude to these dynamics and can 
highlight differences that would not appear by simply considering the ecology 
of a landscape.  

Progressing the social-ecological perspective on human-
nature interactions  
  
Widely circulating theories of human-nature interaction presume that, for ex-
ample, as societies develop, they expand their environmental footprint causing 
environmental degradation (Harrison and Pearce 2000) or conversely as soci-
eties develop, they go through an environmental modernization process 
(Grossman and Krueger 1995). Paper II put these theories to the test and 
showed that, of the theories tested, none were universally best at explaining 
the social-ecological dynamics of the ecosystem services. Ecosystem service 
bundles are useful for showing social-ecological dynamics that have previ-
ously been difficult to articulate. Having a comprehensive theory that encom-
passes the complexity that ecosystem service bundles represent would help 
uncover social-ecological dynamics in places where an ecosystem service 
bundles assessment has not yet been done.  
 
Paper II and Paper IV suggest that ecosystem services that are more hetero-
geneous in their distribution or use are more difficult to predict as well as 
ecosystem services with strong cultural or spiritual values. In 2018, Díaz et al. 
published a framework for nature’s contributions to people (NCP). A clear 
advancement made by this framework, as I helped articulate (in Peterson et al. 
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2018), is the focus on using culture as a lens through which to view ecosystem 
services. Another useful aspect of the NCP framework is a category for eco-
system services that are beneficial because they maintain options for the fu-
ture. These two features, the cultural lens and the option maintenance, are el-
ements that further the understanding of ecosystem services that are more ep-
isodic, heterogeneous, or personal.  
 
Finally, the synthesizing work within the PECS working group on the social-
ecological dynamics of ecosystem services is illuminating generalizable pat-
terns of ecosystem service development and the relationships among them. As 
the work progresses the hope is to be able to discern what is generalizable and 
what is idiosyncratic in the development, transitions and reconfigurations of 
landscapes. As Paper IV highlights, comparisons of ecosystem service bun-
dles studies will help answer questions, for example, about the effect of dif-
ferent management practices, how the diversity of beneficiaries shapes land-
scapes, and the role of ecological, social, and geographic drivers in the devel-
opment of ecosystem service bundles.  

Methodological contribution  
 
One aim of this thesis was to explore ecosystem service bundles using data 
that was publicly available. That meant that part of the research process was 
discovering what kinds of data were available and could be used as indicators 
of ecosystem services. We found that data for provisioning services were read-
ily available and monitored consistently over time. However, while we could 
gather data for some regulating services, there was a lack of relevant, and tem-
poral, data for most cultural services on a municipal or national scale. The unit 
we chose was the municipality. Municipalities are drawn in a way that con-
siders the population and often some geographic or ecological boundaries, 
such as rivers. This made municipalities a social-ecological unit that was also 
useful because of the immense power and responsibility they hold in environ-
mental management in Sweden. Data availability limited the diversity of ser-
vices included in the analyses. That is why the ecosystem service assessments 
presented in the thesis should not be considered as an accounting of the eco-
system services present in Sweden or the Norrström drainable basin. Despite 
the data limitations this ecosystem service bundles approach produced in-
formative descriptions of the landscapes present using readily available data. 

 
The unique combination of analyses performed on the data in this thesis is also 
innovative. For example, developing a gravity of cities indicator was based on 
the Huff gravity model from retail economics (Luo 2014). In Paper II, we 
simply used distance from Stockholm as the measurement for the distance to 
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a market, a key variable in the Location theory model. In Paper III, however, 
we wanted to include all the cities and towns with more than 20000 people to 
understand how much pull by population centers each municipality experi-
ences. Another example of employing tools not commonly used in ecosystem 
services assessments is calculating the principal component analysis of instru-
mental variables (PCAIV) (Papers II and III). PCAIV is a method from ecol-
ogy, similar to redundancy analysis and canonical correspondence analysis. 
We adapted it to show the relationship between municipalities-by-ecosystem 
services and municipalities-by-drivers. The use of random forest (Paper II 
and III) and hierarchical partitioning (Paper II) is highlighted in Paper IV as 
a strategy for finding points of comparability across ecosystem service bun-
dles cases. By comparing the ranking of ecosystem services or the role of driv-
ers impacting them, it may be possible to circumvent other inconsistencies 
between cases and allow for an informative comparison. 
 
The method of testing theory-based models to predict ecosystem services and 
ecosystem service bundles employed in Paper II is another novel approach 
that allowed us to advance our theoretical understanding of the emergence of 
ecosystem services. We distilled some of the key theories of human-nature 
interaction down into core driving variables. This combining of theoretical 
and empirical data is important for testing the theoretical assumptions embed-
ded in decision making. Although this approach does not tell us what a com-
prehensive, coherent theory of ecosystem service provision would be, it does 
highlight the strength and weaknesses of current theories stemming from dif-
ferent disciplinary backgrounds. We have shown for example that the current 
practice of using land-use as a proxy for ecosystem service provision is ade-
quate for many provisioning services, but is insufficient at describing many 
cultural services, even those closely linked to specific land types, like moose 
hunting.  

Operationalizing the social-ecological perspective 
 
One goal of this thesis was to advance methods for understanding social-eco-
logical systems using readily available data. Adopting a social-ecological per-
spective is critical for maintaining the provision of ecosystem services that 
underpin human wellbeing and societal development. Lowering the barriers 
for managers and policy makers to gain an understanding of their social-eco-
logical context is key to shifting current, arguable unsustainable, practices. By 
using data that is already currently collected, monitored and reported I have 
shown that a new understanding can be gained by simply analyzing systems 
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in a different way. By considering ecosystem service bundles, previously com-
partmentalized departments are forced to see their role in the broader system 
and their relationship to others.  
 
Sweden already has the political will and mandate to adopt the ecosystem ser-
vice concept. This thesis contributes to developing ecosystem service assess-
ment practices that focus on the interconnect nature of the ecosystem services 
and shows the benefits to assessing ecosystem service bundles as opposed to 
ecosystem services individually, in isolation.  
 
Finally, this thesis is situated within the PECS community of ecosystem ser-
vice researchers studying the social-ecological dynamics of ecosystem ser-
vices. It is a collaborative forum to share experiences and best practices for 
contextualizing methods and communicating with practitioners. Paper IV, a 
product of this community, makes an important contribution in communi-
cating the benefits to using an ecosystem service bundles approach.  

Research approach reflections 
 
Drawing on the themes outlined in Paper IV, here I reflect on the indicators I 
have chosen and used, the scale and units used, and my approach to drivers 
and interactions.  
 
Using an ecosystem service approach that relies on publicly available data 
constrained the types of questions that could be answered and limited the eco-
system services assessed. This work focused on patterns of social-ecological 
systems. Sweden has well-organized monitoring and reporting of an extensive 
range of topics, done by a centralized statistics bureau, governmental institu-
tions and ministries. Sweden is one of the best-case scenarios for publicly 
available and reliable data. Despite this, there are many social-ecological ac-
tivities that could not be assessed with the methods used here because the data 
did not exist or was not compatible with this ecosystem service approach. This 
means that activities that are already not reported on would be further margin-
alized if this analysis was considered a final comprehensive assessment of 
ecosystem services in Sweden.  
 
By using the municipal scale as the unit of analysis, some data was aggregated 
up to that scale, losing some of the finer detail. Because of the municipalities’ 
powerful position in Sweden to provide social services and execute environ-
mental monitoring and interventions it was the best scale for these studies; 
however, a different scale may be more informative in a different political 
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setting. Ideally, this work would be complemented by local-scale, place based, 
qualitative approaches to gain a better understanding of specific localities.  
 
Using a clustering approach to identify ecosystem service bundles was useful 
for finding inherent patterns in the Swedish landscapes. However, clustering 
is an exploratory technique creating variations in the results depending on the 
clustering algorithm used and how the numbers of clusters are chosen (Kauf-
man and Rousseeuw 2005). In the future, it would be useful to complement 
these clustering methods with other approaches such as participatory mapping 
or ecosystem service modeling to develop a more holistic pictures of social-
ecological systems. Ongoing participatory mapping exercises that are being 
done in Sweden (Samuelsson et al. 2018) compliment the claims of high mul-
tifunctionality found in Paper I. 

Opportunities for future research 
  
This work will continue to inform the PECS working group on the social-
ecological dynamics of ecosystem services. Following the guide to compari-
sons outlined in Paper IV, there are so many opportunities to investigate dif-
ferent configurations of social-ecological systems and the ecosystem services 
they generate. For example, it would be interesting to compare the role of so-
cial, geographic, and ecological factors in relation to the ecosystem services 
produced across a variety of regions.  
 
The indicators used in Papers I and III attempted to reflect social-ecological 
products and activities. However, in the attempt to use publicly available data, 
I was limited to data that was already being collected and reported. Expanding 
the types of activities regularly monitored and reported to reflect more of the 
social-ecological aspects to many human activities would vastly improve our 
ability to assess services that are more spiritual and cultural in nature. In the 
Swedish context for example, it would be helpful to have reporting of mush-
room and berry picking. These are both culturally important activities, but 
their details are not widely reported or even discussed. Finding or developing 
more diverse indicators would improve the overall quality of the ecosystem 
service assessments but requires institutional will and compliance. In Sweden 
municipalities do most of the monitoring and reporting to the centralized agen-
cies.  
 
In interactions and discussions with several Swedish municipalities, many 
were very interested in the ecosystem service bundles analysis and how they 
compared to the other municipalities. They were interested in their neighbors, 
who they were most similar to, and which municipalities were doing better in 
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terms of multifunctionality (Malmborg et al. 2020). Going forward it would 
be interesting to work with municipalities to compare internal practices and 
their ecosystem service outcomes. It would also be advantageous to create 
cross-municipality learning.  
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Conclusion 

This thesis has contributed towards a better understanding of how to reveal 
social-ecological dynamics in the form of ecosystem service bundles. This 
kind of awareness is fundamental to ensure the long-term sustainable supply 
of the ecosystem services needed for continued human wellbeing and societal 
development.  
 
I present this thesis as an advancement of social-ecological system science and 
hope that it encourages future innovation. The final paper in this thesis clearly 
outlines the many benefits to taking an ecosystem service bundles approach. 
It also motivates the task of case comparisons to be undertaken in the future. 
Strategies for comparing across cases are highlighted in a way that has im-
mense potential for advancing our understanding of how social-ecological dy-
namics create and deliver the suites of ecosystem services upon which we de-
pend.  
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Epilogue 

Interdisciplinary skills 
I feel like one of the key skills I have developed during my PhD studies to be 
an interdisciplinary researcher and collaborator. Paper IV is a really good ex-
ample of my ability to lead a large author group coming with different ap-
proaches and perspectives. In a paper I co-authored about being early career 
researchers in sustainability science, we discuss having epistemological agil-
ity (Haider et al. 2018). Epistemological agility refers to the ability to under-
stand and navigate different worldviews and research approaches meaning 
you can translate between groups to enable collaboration. Working within di-
verse research communities and collaborating with a wide range of researcher 
has been one of the most fun parts of doing the PhD.  

Finding research communities 
As I mentioned earlier, I have been involved with a number of research com-
munities (CGIAR, GLP, ESP, NatCap, PECS). Participating in these groups 
has been impactful in three ways. First, by interacting with these diverse 
groups I found where I fit in the ecosystem services and sustainability science 
landscape. I learned to define my social-ecological perspective and how it re-
lates to other perspectives. Second, I was able to engage with excellent re-
searchers beyond my own research project. The collaborations resulting from 
these interactions greatly enhanced my learning. Finally, the impact of my 
work has been amplified by participating in these research communities. For 
example, an impact I have had can be seen in the formation, objectives and 
products of the PECS working group on social-ecological dynamics of eco-
system services, which I helped create.  

A foreigner studying Sweden 
Although I have lived in Sweden for more than a decade now, it has been 
interesting to study Sweden as someone that can still invoke an outsider’s lens. 
I feel that I had less engrained assumptions about Sweden and what the data 
would show. The patterns emerged from the data and I could interpret them 
with less preconceived ideas of how municipalities varied from one another. I 
also feel like I could see idiosyncrasies of Sweden that may be less obvious to 
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someone that has grown up in the culture. When trying to assess forest forag-
ing, for example, I encountered many issues finding data on this important 
cultural activity. I was unable to include any measures of forest foraging be-
cause the secrecy around particularly mushroom picking is very strong. Of 
course, I am not void of any awareness of Swedish culture and the research 
presented here benefited immensely from Swedish colleagues and seeking 
Swedish expertise, but I feel like my personal cultural background added some 
beneficial diversity to the research.  

Having kids during the PhD  
Having two kids and taking almost a full year of parental leave for each has 
affected me and this thesis in several ways. Most practically it has meant a 
longer time frame for my PhD studies. Paper I, for example, has been pub-
lished and discussed in the public domain for the past 5 years. In that time, I 
have discussed the findings with several municipalities that are included in it 
and found that they appreciate the use of data that is already available to them, 
they are interested in seeing which municipalities they are most similar to and 
considering a range of ecosystem services that span different departments 
within the municipality is new for them. This feedback was motivating for the 
development of Paper 3 that uses similar indicators and scales.  
 
Having kids during the PhD also changed my perspective on my work. Having 
kids reordered priorities, I feel in a healthy way. The PhD can sometime feel 
all-encompassing and it is nice to have kids at home to remind you that there 
are other things to focus on. Taking two almost one-year-long breaks in the 
middle of my PhD also taught me to deal with the fear-of-missing-out. Science 
is always moving, and you will never keep up with all the new papers pub-
lished and every development that happens while you are away, but that is 
okay, and you can always dive back in when you return.  
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