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INTRODUCTORY CHAPTER 

The overall aim of this master’s thesis is to contribute to the operationalization of the 

ecosystem services concept, within a social-ecological systems framework. This is done 

through a case study of the Helge Å catchment in Southern Sweden, in which I use publically 

available data to map the supply and demand of a selection of locally relevant provisioning, 

regulating, and, to some extent, cultural ecosystem services. The thesis analyses some of the 

challenges of, as well as opportunities for, making tangible sense of this complex social-

ecological concept in a way that can inform decision making on ecosystem services for 

sustainable development. The study is conducted within a larger research project at 

Stockholm Resilience Centre, headed by Elin Enfors Kautsky, investigating management of 

bundled ecosystem services with multiple users in the Helge Å catchment area.  

Epistemological points of departure 

This study emanates from a desire both to compare supply and demand of ecosystem services 

and to bridge the divide between theory and practice to facilitate the incorporation of 

ecosystem services into a practical decision making context. The study is problem oriented 

and uses a pragmatic research approach, keeping the problem statement at the core and 

finding appropriate and applicable methods to find solutions that work within this specific 

research context (Creswell 2009). Within the pragmatic knowledge tradition research is 

always conducted within a certain context, be it social, political or environmental, and 

pragmatist researchers choose and argue for methods that fit the problem at hand and can 

deliver results that are useful in the present and within the specific context of their research. It 

is hence not unusual to find mixed methods research approaches, where different types 

methods are sequentially or simultaneously used to both develop an understanding of the 

research problem at hand, and to find solutions to that problem given the present day 

knowledge about it (Creswell 2009). This study uses mainly quantitative methods for data 

collection and analysis, but some elements of qualitative methodology is also used. 

The ecosystem service concept and its importance for sustainability 

In the Anthropocene, this new geological era where humans are the major factor shaping the 

earth’s systems (Steffen et al. 2011), there is an urgent need to create and embark upon 

pathways to sustainability (Beland Lindahl et al. 2015; Leach et al. 2010). Central to these 

pathways is combining the challenges of delivering high levels of well-being across societies 

whilst making sure that this very delivery does not undermine the earth’s life support systems 

(Guerry et al. 2015). Within this wider context, the concept of ecosystem services has arisen 
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as a potential tool for studying the way human societies and nature are intertwined and as a 

practical tool for achieving sustainability (Hamann 2016).  

Ecosystem services (ES) are commonly defined as “the functions and products of ecosystems 

that benefit humans, or yield welfare to society” (Millennium Ecosystem Assessment 2005), 

and are commonly divided into four different categories; provisioning, regulating, supporting 

and cultural ES. The term is widely known from the Millennium Ecosystem Assessment of 

2005, aiming to assess what the consequences of ecosystem change for human well-being 

(Millennium Ecosystem Assessment 2005), and later through the Economics of Ecosystems 

and Biodiversity (TEEB) initiative and report aiming at mainstreaming ecosystem services 

into management practices (TEEB 2010). From its origins in the 1970s biodiversity 

conservation debate (originally termed environmental services), the concept has since the 

1990s given rise to a rapidly expanding research field with the aims of finding ways to 

measure, assess and value the benefits that humans receive from ecosystem services (Lele et 

al. 2013). Many of the following policy interpretations have focussed on economic valuation 

and payment for ecosystem services (Gómez-Baggethun et al. 2010). These economic 

approaches to ecosystem services are however criticised on the general basis that they fail to 

incorporate the inherent complexities of ecosystem service generation (Norgaard 2010), and 

also fail to capture a multiplicity of different types of values generated by the services (Kosoy 

& Corbera 2010). 

Ecosystem services within a social-ecological systems framework 

This study is situated within a social-ecological systems (SES) framework, in which human 

and natural systems are co-evolving and heavily affecting each other to the extent that it 

makes sense to perceive and study them as one intertwined system (Berkes et al. 2003). The 

SES framework has its roots in complex system science, and there is an emphasis on dynamic 

interactions and feedback mechanisms within the system, the non-linearity of change, 

emergent system properties, and interactions between scales (Hamann et al. 2016). The 

framework should be seen as a general approach, one that within itself contains subsystems 

and internal dynamics, where the framework offers a structure to organize findings and 

accumulate knowledge (Ostrom 2009). One such theoretical subfield is the study and 

application of ES.  

Hamann et al (2016) has divided the field of ES research into four, where the SES approach is 

one, and ecological practice, ecological economics and development practice constitute three 

other fields of study with their own interpretations and applications of the ES concept 
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(Hamann et al. 2016). Although not a complete categorization of all uses, it is useful to 

highlight the most common ways that the concept is used and understood, and the extent to 

which these interpretations differ. The wide use of the concept, within different contexts and 

with different assumptions connected to it, has led to a wide array of conceptualizations of the 

concept, and to some confusion (Hamann et al. 2016).  

Within a SES framework, ES are expressions of the interconnectedness of social and 

ecological elements of the system. Thus, different SES can be characterized by the ES they 

produce. The SES conceptualization, shown in Figure 1, aims to highlight social-ecological 

co-production of ES, to develop an understanding of trade-offs or synergies between different 

services through ES bundles, as well as to investigate the social well-being effects that these 

effects have on the management of services (Reyers et al. 2013).  

 

Figure 1: Links between ES-bundles and management in a SES framework. Adapted from Reyers et al (2013) p 
270 

The concept of co-production within a SES framework for ES, Figure 1 above, challenges the 

notion of ecosystem services as a one-directional flow from nature to humans and instead 

emphasises the interconnectedness of nature and society and as such deserve some unpacking. 

It is in this sense the ES concept can help reconnect humanity to the biosphere (Folke et al. 

2011). There are two distinct ways that ecosystem services are co-produced by humans and 

nature. On the one hand, social factors are directly involved in the co-production of services. 

There is direct human input into the social-ecological factors that create a service, e.g. the 

farmers work input needed to supply wheat or the human eye to appreciate the beauty of a 
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landscape, as well as a need for a human demand for an ecosystem function or product to 

become a service at all (Reyers et al. 2013). In order for an ecosystem related process to be 

called an ES, it needs to produce benefits for humans. Co-production also has a more indirect 

dimension, the whole loop depicted in Figure 1, where governance structures and 

management create and constitute drivers of change affecting ES-generation and the social-

ecological factors that produce the services. An example here is municipal planning and 

management that dictate what types of activities are allowed on a specific area of municipal 

land. Management can affect both the direct elements of co-production, as well as through 

changing the very landscape within which social-ecological interactions take place (Burkhard 

et al. 2012). 

A SES approach highlights the need to investigate ES as bundles, rather than as individual 

services. ES are often generated in patterns, and affect each other across scales, where the 

production of one service affects the production of another (Meacham et al. 2016). 

Optimizing management of single services can, through the complexity of ES trade-off 

dynamics, lead to unwanted declines in other services (Bennett et al. 2009). Therefore, a focus 

on management of ES bundles can help avoid these unintended and unwanted consequences 

(Reyers et al. 2013). 

Also central to the SES approach is the explicit interest to investigate how bundles of ES also 

generates benefits for human being, how these benefits are perceived and what types of well-

being it generates both within beneficiary groups and across those same groups (Reyers et al. 

2013). These links are important to understand in order to then also be able to understand how 

this feeds back into long term sustainable management of ES.  

Developing a methodology for assessment of ES within SES 

Given the social-ecological character of ecosystem services (Reyers et al. 2013), investigating 

the supply side of them is not enough to inform management of ecosystem services (Burkhard 

et al. 2012; Hamann et al. 2016). The demand of ES is linked to generation of human well-

being, with potential differences across different beneficiary and user groups (Reyers et al. 

2013; Millennium Ecosystem Assessment 2005). Therefore, we need to develop approaches 

that both look at the supply of ecosystem services, and the demand for the same services 

across different groups of people at different scales. 

The links between supply and demand (and wellbeing) are not well researched (Beichler 

2015), and the methods for studying the demand side of ES are underdeveloped (Hamann et 
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al. 2016). This gap is especially evident when it comes to methods for measuring regulating 

and cultural services (Hamann et al. 2016). Reyers et al (2013) identifies that problems of 

inadequate data and the inherent difficulty to quantify and assess complex concepts such as 

well-being is one major obstacle for further progress. 

Operationalizing indicators and using public data 
The Swedish government has decided that by 2018 the values of ES should be incorporated 

into management (IVL Svenska Miljöinstitutet 2015), which means that there is an urgent 

need to conceptualize how this can be done and to develop methods to make this 

incorporation meaningful. The use of public data aids this process in two important ways: 1) 

Data is often available. Sweden has well developed practices of collecting public data within a 

wide set of societal sectors. The data that is collected and analysed by Swedish public 

governmental institutions such as the Swedish Statistical Bureau (SCB), The Board of 

Agriculture and the Swedish Environmental Protection Agency (EPA) is also generally 

available to the general public through web based data bases, and data is also often available 

for extended time series. 2) The alternative of going out in the field and conducting real time 

measurements is impractical. If data on supply and demand of a wide set of ecosystem 

services are to be taken into account it is practically very difficult for managers to collect their 

own data because of the resources it would potentially take.  

Validity, that the indicator is an accurate measurement of the service in question, and 

reliability, the quality of the data collected and that the indicator is valid in all contexts where 

is used, are central concerns when ecosystem service indicators are developed(Creswell 

2009). Since the study makes use of public data, there is also a need for pragmatism in 

indicator selection and development. As a rule, indicators chosen are the best possible using 

the sets of data available within a Swedish context. How indicators are selected is further 

developed in the article. 

 

 

 

* * * 
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Mapping Supply and Demand of Ecosystem Services in the Helge 

Å Catchment Area, Sweden. 

 

ABSTRACT  

Research on ecosystem services has accelerated the last few years, but there is a knowledge 

gap on how to integrate the concept into management in a way that is mindful of the complex, 

dynamic and non-linear dimensions of ecosystem services. Ecosystem services are often 

approached from a supply side, and more often than not services are approached individually 

without attempt to capture the trade-offs and synergies between services. The overall aim of 

this master’s thesis is to contribute to the operationalization of the ecosystem services 

concept, within a social-ecological systems framework. This is done through a case study of 

the Helge Å catchment in Southern Sweden, in which I use publically available data to map 

the supply and demand of a selection of locally relevant provisioning, regulating, and, to some 

extent, cultural ecosystem services. The thesis analyses some of the challenges of, as well as 

opportunities for, making tangible sense of this complex social-ecological concept in a way 

that can inform decision making on ecosystem services for sustainable development. The 

results show that mapping both supply and demand adds important dimensions to ecosystem 

service assessment that has value within management contexts. Especially important are the 

added social dimensions of ecosystem service provision, and the incorporation of societal 

demand as a factor in mapping. There are some obvious challenges still associated with this 

type of mapping, foremost associated with mapping of cultural ecosystem services and data 

availability, which have yet to be resolved through continued research efforts. 

. 

 

KEY WORDS 

Ecosystem services, supply and demand, assessment, management  
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INTRODUCTION  

The term ecosystem services (ES) links humans to nature and make explicit  the benefits 

humans enjoy from ecosystems (Millennium Ecosystem Assessment 2005), and research on 

the concept has grown since its first introduction in the late 1990s (Hamann et al. 2016). The 

concept has, if conceptualized and operationalized in accordance, a potential to highlight how 

human and natural systems are intertwined and help reconnect humans to the biosphere (Folke 

et al. 2011; Reyers et al. 2013). This makes the ES concept interesting as a way to evaluate 

the relative sustainability of different development pathways. Within this setting, ES has been 

increasingly studied as a tool for better governance and management of human development 

and ecosystems in the Anthropocene (Hamann et al. 2016). However, there is still not a 

consensus on how to define ES, and no universally accepted way to measure and evaluate 

them (Hamann et al. 2016).  

Not only is there a wide array of approaches to studying ES; the theoretical concept itself is 

inherently complex. Given these complexities, there is a need for practical tools for decision 

makers to be able to manage ES for long term sustainability and high levels of human well-

being (Guerry et al. 2015). Lack of such tools, leading to an inability to describe and quantify 

ES supply and demand, limits how well the ES concept can be used within management 

(Bagstad et al. 2013).So far, the most common approach is to investigate individual services. 

Lately, methods for looking at interactions between ES, in terms of synergies and trade-offs 

have also been developed (see eg Queiroz et al. 2015; Raudsepp-Hearne et al. 2010). This is a 

welcome development, but the focus of these studies are often on the supply side only 

(Burkhard et al. 2014). As such, they fail to systematically investigate important social 

dimensions of the ES studied. There have been promising developments in the study of how 

social drivers affect ES bundles (Meacham et al. 2016), as well as interesting development of 

studies addressing mismatches between supply and demand of ES (Baró et al. 2015; 

Geijzendorffer et al. 2015). These latter, however, (see Baró et al. 2015) have a tendency to 

only study a narrow range of ES, or to use methods for data collection that are inherently 

costly (Queiroz et al. 2015; Geijzendorffer et al. 2015). 

This study contributes to developing field on operationalization of ES, by exploring and 

investigating the demand side of a set of selected provisioning, regulating and, to some extent, 

cultural ES in the Helge Å catchment area in Southern Sweden, and compares this to the 

supply of the same services, within a social-ecological-systems framework. In doing so, the 

study also develops and evaluates a new methodology for assessing and contextualizing ES 
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demand from publically available data sets in Sweden. The aim is to further develop a 

mapping approach that generates comparable results, and that can lower cost of ES 

assessment for management. This master’s project is part of a research project at Stockholm 

Resilience Centre (SRC) researching adaptive management of ES bundles with multiple users 

in Helge Å, led by Elin Enfors Kautsky.  

 

Research Questions 

This thesis aims to respond to two specific research questions: 

(1) How large is the demand of a set of ecosystem services in the municipalities in the Helge 

Å catchment area, compared to the supply of services? These results are discussed in relation 

to current governance arrangements for the investigated services for a reflection on 

management implications.  

(2) To what extent can a mapping of the demand of ES in the Helge å catchment area, using 

publicly available data, help inform the management of ES bundles in the area? What are key 

contributions of using the method for investigating demand and supply, and what are key 

methodological issues that need further development?  
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THEORETICAL FRAMEWORK  

Ecosystem services within a social-ecological systems framework 
The study is theoretically situated within a social-ecological systems (SES) framework, where 

ecosystem services are understood as an expression of the way social and ecological systems 

are intertwined (Reyers et al. 2013). The SES approach has its in complex systems theory, and 

as such it puts emphasis on the study of systems dynamics, non-linear changes and thresholds 

of systems (Hamann 2016), and should be seen as an overarching framework for the study of 

ecosystem services (Ostrom 2009). There is inherent complexity in framing ES within SES. 

The SES approach highlights that ES should be understood as co-produced between social 

and ecological factors of the system (Reyers et al. 2013) and as interacting in ES bundles 

across scales (Queiroz et al. 2015; Bennett et al. 2009). The approach also stresses the need to 

understand the well-being effects on different beneficiary groups and how these social 

distributional effects affect management and governance of ES, which in turn alters the co-

production of services (Reyers et al. 2013).  

Supply and demand of ecosystem services  

To be able to more precisely assess and discuss ES, previous operationalization frameworks 

for ES have made highlighted the need to make some distinctions between different 

dimensions of ES provision and generation (Baró et al. 2015). Burkhard et al. (2014) proposes 

a distinctions between three different dimensions: capacity (potential of generation), flow 

(actual supply) and demand (actual consumption in defined area regardless of where ES has 

been generated) (Burkhard et al. 2014), and Geijzendorffer et al (2015) uses a five grade scale 

to make the same type of differentiations (Geijzendorffer et al. 2015). This study recognizes 

this need for categorization of dimensions of provision, and uses a gradient similar to that of 

Burkard et al. (2014) to organize indicator selection and operationalization (see methods 

section).  

The links between ES supply and demand are seldom straightforward, where issues of scale 

add complexity to both sides of ES generation. On the demand side, import and export 

patterns generated through globalized and internationalized markets make it difficult to link 

demand of a service in one municipality to the supplying ecosystem (Burkhard et al. 2012; 

Palacios-Agundez et al. 2015), a complexity that has given rise to the concept of potential 

mismatches between supplied and demanded ES (Palacios-Agundez et al. 2015). These scale 

dynamics make mapping of ES demand difficult, and therefore local mapping approaches 

tend to map levels of demand and potential self-sufficiency, rather than trace the impact of 
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local demand in other geographical locations (Geijzendorffer et al. 2015). Demand also 

moves on a scale from individual to societal demand. Some services provide direct benefits 

for individuals, and as such they can be said to operate on a level of individual demand. 

Typical examples are provisioning services and cultural services, where individuals demand 

and use services for their personal benefit. Other services, primarily regulating services, are 

better conceptualized on a societal scale since they are seldom marketed and not always make 

sense on an individual demand basis (Baró et al. 2015). This highlights the need to be mindful 

of beneficiaries, and on what scale benefits operate, when mapping ES (Reyers et al. 2013). 

One service also generates more than one type of benefit, generating different types of well-

being contributions within and among beneficiary groups (Daw et al. 2011).  

Connected to scale issues of demand are scale issues of supply and in the inherent qualities of 

different types of ES. Provisioning services, i.e. extractable services that are directly used by 

humans, are often locally produced but are in their nature extractable and mobile and can as 

such operate on different scales (Andersson et al. 2014), aided by the global market system. 

Regulating services, e.g. air quality or climate regulation, also often emanate from local 

ecosystem processes, but operate on all scales from local (e.g. local flood prevention) to 

global (e.g. carbon sequestration) (Andersson et al. 2014; Queiroz et al. 2015). These scale 

issues do not emanate from markets, the services are seldom marketed, but are due to the 

inherent scale dimensions of the service itself. Regulating ES are often of  preventive nature 

(Bagstad et al. 2013), and as such they do not necessarily generate benefits in an accumulative 

manner. Cultural services provide societies with benefits with recreational, existential or 

educational benefits. Many of these are non-extractive, but some levels of resource extraction 

may be involved in the SE co-production of the service (e.g. hunting). They are often local in 

their supply and are difficult to extract from the landscape in which it is produced (Queiroz et 

al. 2015). Adding to the complexity of scale and temporal issues connected to supply and 

demand elements of ES provision, ES often interact with each other, where supply trade-offs 

and synergies can generate unintended provision consequences if management of services are 

too focussed on optimization of supply of single services (Bennett et al. 2009). A too narrow 

focus on management of supply also risk, as previously mentioned, failing to fully take into 

considerations the social and well-being effects of such dynamics.  
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CASE STUDY DESCRIPTION 

The study focuses on the Helge Å catchment (Figure 2), a 4750 km2 large area that spans 

thirteen municipalities within the counties of Jönköping, Kronoberg and Skåne, South 

Sweden. The River Helge Å runs through a series of lakes before it flows into the Baltic Sea, 

emanating from boreal forests in the northern part of the catchment. The southern parts are 

made up by an agricultural landscape. In the most southern part is Kristianstads Vattenrike 

Biosphere Reserve, an area well-known for its flooded meadows with high biodiversity 

values, where adaptive governance approaches are developed to meet the environmental 

challenges facing the area (Tuvendal et al. 2011; Schultz 2009). As of February in 2016, the 

catchment area is also a Model Forest area, a collaboration platform covering catchment on 

issues connected to land use, forestry, and water quality (Skogsstyrelsen 2016). 

 
Figure 2: Map showing the municipalities included in the study. The blue shaded area shows the Helge Å 
catchment. 

The catchment makes a good geographical fit for the study. It is a complex social-ecological 

landscape with competing land uses, and a multitude of provisioning, regulating, and cultural 

ES. The municipalities studied are those that make up the Helge Å catchment area. They vary 

in both geographical size, from Ljungby (2 048km2) to Perstorp (159 km2), and in number of 

inhabitants, from 82510 (Kristianstad) to 7211 (Perstorp).  A list of the municipalities and 

some defining data can be found in Appendix A.   
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METHODS 

The aim of the study is to map and compare supply and demand of a set of locally relevant 

ecosystem services in the Helge å Catchment area. The general approach and the methods 

used within this study draw heavily on the approach used by Queiroz et al (2015), where the 

spatial distribution of 18 different ecosystem services in Norrström in Sweden were 

investigated, and then clustered to reveal distinct ES bundles across the landscape (Queiroz et 

al. 2015). The process in this thesis mimics part of the approach taken there, but instead of 

focussing on ES bundles this study investigates and maps differences in supply and demand 

for separate ES without bundling them. The sample size of this pilot study is too small for 

bundling. It is also not certain that demand can and should be bundled like supply, given that 

demand for different services might not show the same types of trade-offs and synergies as 

supply, although it would be an interesting field of investigation. Here, eight ES are studied 

(three provisioning, four regulating and one cultural, see Table 1). Supporting ES are 

excluded, since their connections to demand are indirectly captured through other services 

(Queiroz et al. 2015).  

The comparison of supply and demand is twofold. Supply and demand are compared between 

municipalities to highlight differences and similarities, and within each municipality to show 

the local level of supply of a service in relation to the local level of demand. The municipal 

scale is used, being the smallest scale of Swedish governance and an important scale for 

decision making in relation to ES supply and demand (Queiroz et al. 2015).  

The ES studied are a selection of the ES studied in the larger SRC project on adaptive 

management, ES bundles, and multiple users (for more information, see. IVL Svenska 

Miljöinstitutet 2015). Within this larger research context, selection of ES was done in 

collaboration with stakeholders through a participatory process to ensure the local relevance 

of ES studied. The sub selection used in this study is based on representation, i.e. ES that span 

all relevant ES categories, and on data availability.  
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Table 1: Selected ecosystem services and their operationalization 

Ecosystem service Unit General description 
Meat 
provisioning 

kg per capita  Meat is the amount of beef produced and consumed in the area year 2013. To make supply and demand comparable supply 
and demand are recalculated into slaughter weight, using an index of average slaughter weight for beef that same year. Data is 
collected from the Swedish Board of Agriculture.  

Sugar 
provisioning 

kg per capita Sugar is the amount of sugar produced and consumed in the area 2013. The agricultural area used for sugar production is 
converted into kilograms produced using average yields per area for that same year. Demand is calculated to municipal level 
from national use data. Data is collected from the Swedish Board of Agriculture.  

Wheat 
provisioning 

kg per capita Wheat is the amount of wheat produced and consumed in the area 2015. The agricultural area used for wheat production is 
converted into kilograms produced using average yields per area for that same year. Demand is calculated to municipal level 
from national use data. Data is collected from the Swedish Board of Agriculture. 

Nitrogen retention  
(N retention) 
regulating 

kg per km2 (of 
land surface area) 

The supply of N retention is the amount of nitrogen from agriculture and private sewers (anthropogenic emissions) retained 
from reaching the Baltic sea due to ecosystem processes, whereas demand is the total anthropogenic emissions from the same 
sources. Both supply and demand are calculated using data the Swedish Environmental Emissions Data (SMED) database. 
Data is from 2007. 

Phosphorous retention  
(P retention) 
regulating 

kg per km2 (of 
land surface area) 

The supply of P retention is the amount of phosphorous (all sources) retained from reaching the Baltic sea due to ecosystem 
processes, whereas demand is the total emissions. Both supply and demand are calculated using data the Swedish 
Environmental Emissions Data (SMED) database. Data is from 2007. 

Standing water quality 
regulating 

water per 
municipal area 

Standing water quality is calculated using the Swedish Marine and Water Authority’s regulations on water quality standards. 
The supply is lake surface area per municipality that is classified as high or good water quality, whereas demand is the total 
lake surface of the municipality. Data is from 2016 and is collected from the WISS (Water Information System Sweden) 
database. 

Running water quality 
regulating 

m per km2  Running water quality is calculated using the Swedish Marine and Water Authority’s regulations on water quality standards. 
The supply is the sum of river length that is classified as high or good water quality standard, whereas demand is the total 
length of rivers within the municipality. Data is from 2016 and is from the WISS (Water Information System Sweden) 
database. 

Hunting 
cultural 

licences per 
capita, deer and 
wild boar killed 
per capita 

Supply of hunting is the amount of deer and wild boar killed within each municipality, and demand for the service is 
operationalized as the number of hunting licences per municipality. Data is collected from the Swedish Environmental 
Protection Agency. Year 2013.  
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Indicator development and data collection 
Supply and demand indicators are developed for all selected ES (Table 1), and a public data 

source is used to collect data on municipal level. Some supply indicator development and data 

collection had already been done within the larger SRC project, and when applicable the same 

data is used also in this study. Due to the fact that the ES are different in character, and due to 

differences in data availability, the ES in the study are operationalized along a gradient from 

supply, via use, to demand (Figure 3). Indicators are operationalized to capture different 

dimensions of ES provision. Indicators for the production of the ES within the landscape are 

categorized as “supply”, indicators for the actual use of service categorized as “use”, and 

indicators reflecting an expressed desired use of the service categorized as “demand”. Due to 

inherent scale dimensions of services, indicators are also explicitly tied to the local landscape 

scale (landscape), the individual demand scale (individual) or societal demand scale (society). 

 

 

 

Figure 3: Dimensions of indicator operationalization 

 

Swedish public data is well developed and is often, but not always, available on municipal 

levels. Using public data makes total quality control impossible, but the use of public data 

does however guarantee long term data availability, and helps keep down the cost of data 

collection. As such, public data is a good point of departure when investigating approaches 

that explicitly relate to management contexts. General indicator operationalization is 

explained below, and a detailed description of how each indicator has been calculated can be 

found in Appendix B.  
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Provisioning Ecosystem Services 

The provisioning ES studied are marketed goods, making operationalization of indicators for 

assessment relatively straight forward. Supply of provisioning ES are indicated by the kg per 

capita extracted from the ecosystems within each municipality a given year. This ties the 

supply indicator to the ability of the social-ecological factors in the landscape to produce 

these ES. The indicator for demand is made up of data for kg per capita use of the ES. Use 

data is not available on municipal scale, and national data is used as a general proxy for 

municipal scale use under the assumption that consumption patterns do not differ widely 

within the relatively small geographical region that makes up the catchment. The use of 

national data makes comparison of ES demand between municipalities impossible, but it still 

allows for calculation of supply quotas.  

Regulating Ecosystem Services 

The regulating ES in this study are not marketed, and approaching them from an angle of 

individual use is not useful as explained in the theory section. Regulating ES are therefore 

approached from a perspective of expressed societal demand, in the form of environmental 

regulations and quality standards. This approach is developed by Baró et al (2015), and has 

previously been used to investigate potential mismatches in supply and demand of regulating 

ES (Baró et al. 2015). Supply is still an expression of the ability of the social-ecological 

factors in the landscape to produce the ES, while the demand indicators are quantified 

environmental targets and expressed as the total societal demand of the service. For water 

quality ES the target is expressed clearly: all waters in Sweden should have a certain level of 

quality and monitoring of all waters is part of the governance of water in Sweden. As such the 

target translates well to the municipal scale. For retention ES, the target is expressed 

nationally in the Zero Eutrophication environmental target, and in international agreements, 

but rigid principles for local targets are not expressed. Here, total emissions of N 

(anthropogenic emissions from agriculture and private sewers) and P (all sources) are used as 

an approximation of the zero eutrophication environmental target. This target level could 

easily be adjusted if and when local targets are developed. Services are related to area and not 

calculated per capita, to reflect that the service goes beyond individual use. 

Cultural Ecosystem Services 

Cultural ES are immaterial and closely co-produced by social and ecological factors of the 

SES (Pleasant et al. 2014). Both these qualities make cultural ES difficult to operationalize 

within an approach where a separation of supply and demand is an important organizing 
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principle. I have chosen to incorporate one cultural ES in this study to investigate how useful 

this approach can be for assessing cultural ES, expecting there to be some added challenges 

associated with the operationalization and mapping of this service.  

Hunting is identified as an important cultural ES by local stakeholders. This, together with the 

data collection and reporting that comes with the high level of regulation of the ES, makes 

hunting a good candidate for mapping. The service can be expressed in terms of individual 

demand, and is therefore operationalized as a per capita indicator. Deer and wild boar killed 

(supply) and hunting licenses (demand) are used as indicators to assess supply and demand.  

 

Data analysis 

After indicator data collection for all ES, some data are adjusted to reflect municipal boarders 

while other are converted from e.g. production area to kg harvest (details in Appendix B), and 

recalculated to per capita values for provisioning and cultural services and per area values for 

regulating services. Using the QGIS 2.12.3-Lyon Geographical Information Systems, three 

sets of maps for each ES are then produced, reflecting service supply, demand and supply 

quota. Supply and demand maps show the municipalities categorized as quintiles, highlighting 

differences and similarities between municipalities. The supply quota maps, where the local 

level of ES supply are expressed as percentages of the local level of ES demand, compare 

levels of supply and demand within municipalities.   
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RESULTS 

Maps of supply, demand and supply quotas 

Provisioning Services 
The mapping of supply (top row, Figure 4) shows that the supply patterns vary, both between 

services and municipalities. The crops, wheat and sugar, are grown largely in the southern 

parts of the catchment where the five municipalities that supply the most wheat supply the 

most wheat, 97 to 741 kg per capita, also are the only five municipalities that supply sugar, up 

to 1251 kg per capita. Five municipalities supply little to no wheat, whereas eight 

municipalities supply no sugar. Data for the two crops are from different years, 2015 and 

2013, so there needs to be some caution in a direct comparison due to a potential substitution 

between the crops for different years, but the general pattern that the catchment is made up of 

municipalities with distinctly different landscape constitution where south is dominated by 

agricultural landscapes is confirmed. Meat supply does not show any clear pattern of supply 

accumulation in the north or south, but rather a more eclectic pattern of supply distribution, 

varying from no supply to a supply of 65 kg per capita.  

The demand maps (middle row, Figure 4) show an even demand across the catchment, 

explained by the lack of local data. Since the data come from a national data set, potential 

differences between municipalities cannot be shown and the demand maps must be 

interpreted with these limitations in mind. They do, however, serve as a general comparison to 

the supply of the services and are important for the supply quota calculations.  

The supply quota maps (bottom row in Figure 4) show ES supply in relation to ES demand, 

expressed as percentages. Since the maps are produced using the national demand data set, 

these maps are on the surface similar to the supply maps above. The supply quota is 

qualitatively different though, comparing levels of supply and demand within municipalities. 

A supply quota of 100 % means a balanced level of supply and demand, higher values mean 

oversupply and lower levels undersupply. These quotas make up what Geijzendorffer et al. 

(2015) refer to as potential self-sufficiency, and do not give us information about how much 

local supply is demanded locally or vice versa. The crops are supplied in a manner that far 

exceeds demand level in the south, with values up to 380 % and 3100 % for wheat and sugar 

respectively in the most extreme cases, whereas none of the northern municipalities reach a 

balanced quota. For meat, we see that Alvesta has the largest supply quota of 250 % and 

Hörby cannot satisfy any local demand with local supply of the service.  



Sara Andersson  Master’s Thesis 2015/2016 

13 
 

 

 

Figure 4: Provisioning ecosystem service supply, demand and supply quota 
Supply and demand are in unit kg per capita and are shown in quantile categories. The supply quota is the 
proportion of local demand currently supplied within that same municipality, shown in percentages. 
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These patterns of supply and demand have been created within a Swedish agricultural system 

with complex governance structures. Many issues and governance fields come together to 

affect the management of private land in Sweden (Slätmo 2014). Ninety percent of all 

agricultural land in Sweden is owned by private actors (SCB 2013), giving power to 

individual farmers and land owners to manage their own agricultural land. In essence, the 

supply maps in Figure 4 are a reflection of this private decision making process. They are also 

a reflection of drivers of change that come from higher levels in the system. Agricultural land 

is protected by Swedish law and a sustainable use of agricultural land is integrated into the 

Swedish environmental objectives for 2020 (SCB 2013; Miljövårdsberedningen 2014). Both 

of these set the condition under which individual farmers operate. The integration of farms 

into a European and global food markets renders farmers vulnerable to the same low global 

food prices that also could drive increases in demand for lower priced beef (Slätmo 2014). At 

the same time there are economic support to be found for certain agricultural products and 

practices as a result of a joint EU agricultural policy (Slätmo 2014).  

Regulating services 

The supply maps of regulating ES (top row, Figure 5) show mosaic patterns. Retention 

services are supplied to a higher degree in the forested areas of the north and the agricultural 

areas of the mid-south of the catchment. The supply of N retention varies widely, between 28 

and 642 kg per km2, whereas the supply P retention is generally much lower, between 0.4 and 

5.1 kg per km2. The high levels of N retention in the south partly reflect the indicator used for 

the service, with agricultural land and private sewers being the emission sources reflected. 

Running water quality has a large geographical spread in the catchment area, with 

Kristianstad in the far south standing out as the municipality with largest supply in relation to 

size. This is an interesting case, as it coincides with the Kristianstad Vattenrike Biosphere 

Reserve. The standing water quality supply map clearly show that the northern municipalities 

have a larger supply of the service than the southern.  

The demand of regulating ES (middle row, Figure 5) maps show the total societal of demand 

of the service. The demand maps of retention show total emissions of N (anthropogenic 

emissions from agriculture and private sewers) and P (all sources), reflecting how large the 

supply would need to be if all these emissions were to be abated through ES supply. N 

retention demand varies from 125 to 1408 kg per km2, whereas P retention demand varies 

from 10 to 14 kg per km2. The demand is highest in the south, reflecting the agricultural land 

uses there. The water quality demand maps show total demand for water of good quality. As 



Sara Andersson  Master’s Thesis 2015/2016 

15 
 

water quality regulations dictate that all water in Sweden should live up to a certain level of 

quality, the maps show the prevalence of water in each municipality, displaying that there are 

more lakes in the north and more running water in the south of the catchment. Both ES map 

types show the local share of higher scale societal demand, but they represent quite different 

elements in the landscape.  

The supply quotas for the different services (bottom row, Figure 5) relate the local supply of 

the each service to the total societal demand, showing to what degree the service is supplied in 

relation to the desired use of the service. The maps show that, as a general rule, regulating ES 

are undersupplied in the whole catchment area, with few quotas reaching above a rate of 40%. 

The exception is standing water quality, where northern municipalities show remarkably high 

supply quotas. This illustrates the importance of the supply quota mapping. For many of these 

services the supply maps appear fairly good, but when these maps are contrasted with the 

social demand for these services a very different picture emerges. These supply quotas do, 

however, also need to be discussed in relation to the ambition set in the level of societal 

demand. 

The maps of regulating ES are a direct reflection of management targets, and should also be 

put in relation to management to be fully understood. In these maps, demand is not 

necessarily connected to local beneficiaries directly. Retention ES are here operationalized in 

relation to eutrophication in the Baltic Sea, an ocean that only boarders one of the 

municipalities studied. The maps rather reflect both the national zero eutrophication 

environmental target for 2020 and international laws and regulations, where the EU Water 

and Marine Strategy Directives as well as the Baltic Sea Action Plan are the two most 

important ones (Naturvårdsverket 2016a). For N and P retention a local demand of these 

services are not always expressed in terms of targets on the municipal or even regional level, 

even if municipalities have a shared responsibility together with country administrative boards 

to reach the goals (Ek 2014). The same reasoning is valid in regard to water quality, regulated 

via the EU Water Framework incorporated into Swedish law 2004 (Sveriges riksdag 2004). 

Demand for water quality ES in Figure 5 should therefore not be interpreted as demand 

stemming from local beneficiaries, even if there are obvious local benefits from good water 

quality within municipalities.  
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Figure 5: Regulating ecosystem service supply, demand and supply quota. 
Supply and demand for retention are in unit kg per km2 land area, meter river per km2 for running water, and km2 
lakes per km2 municipal area for standing water. Supply and demand are shown in quantile categories. The 
supply quota is the proportion of total municipality demand currently supplied within that same municipality, 
shown in percentages. 
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Cultural services 

The hunting supply map (top image, Figure 6) generally show slightly higher values in the 

northern, more forrested, municipalities of the catchment. The general supply is, however,  

very low with a spread from 0,3-3.8 reported game per 1000 inhabitants in the area. The 

demand of the service show higher values, 0.8-10,8 % of the population in municipalities, 

incicating that it is a relatively important cultural ES in the area. Also demand tend to be 

higher in the northern areas of the area. The supply quota is generelly low, under 10 % in 

most municipalities, showing that relatively few of those that pay their yearly hunting fee get 

to avtually kill an animal . There are several reasons to interpret these numbers and the map 

with caution, having mainly to do with the quality of the data and the difficulty to 

operationalize cultural services (see discussion section below).  

As with the other services, the mapping in Figure 6 is affected by existing management. 

Hunting is studied, partly due to data availability here connected to monitoring within existing 

management structure, where monitoring of who is hunting is done through licences and fees, 

and monitoring of the supply through mandatory reporting of certain game(Naturvårdsverket 

2016b). As such, the maps reflect this management set up and misses other elements of what 

makes up the cultural service we call hunting. 
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Figure 6: Cultural ecosystem service supply, demand and supply quota. 
Supply is measured in number of reported kills of deer and boar per capita within the municipality. Demand is 
measured in the number of hunting licences per capita. Both are shown in quintiles. The supply quota is the level 
of supply in the municipality, set in relation to the level of demand, shown in percentages. 
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Indicators: capturing dimensions and scale elements of ecosystem services 

The final operationalization of the ES in the study is a result of the categorization of different 

indicators used in the mapping (Figure 7). The way indicators are operationalized will affect 

the way they are mapped and understood, and therefore this categorization should be viewed 

as a result in itself, serving to answer the question of the appropriateness of this mapping 

approach for management. How the operationalization of indicators is done has previously 

been explained. What the operationalization results in deserves some further unpacking.  

While the supply indicators help visualize results of ES co-production processes and tie them 

to specific landscape management contexts, the operationalization of demand results in 

distinctly different outcomes. It is detached from the landscape and sometimes also from 

demands expressed by local people, meaning that the demand displayed in maps is not 

necessarily local at all or even connected to the local supply of the service. When done like 

this, the demand mapping make possible the supply quotas displayed in figures 4 thru 6, 

which serve as potential self-sufficiency quotas informing of potential over and under 

supplies of services in relation to the local demand of these services. These quotas highlight 

two important and connected scale-dynamics, the first being that local supply is not 

necessarily connected to local demand. In today’s globalized world, the demands of the 

general Swede go beyond what is supplied locally – even if there is a potential for local 

supply. The second being the flip side to that same argument, that local supply is relevant 

beyond the local scale. The distinction between individual and societal demand indicates 

where and on what scale levels to find the beneficiaries of the supplies ES. This is a tiny step, 

and one to interpret with great caution, but it is still a step towards an operationalization of 

benefits across different types of beneficiaries.  

 

Figure 7: Indicator operationalization results 
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DISCUSSION 

Separating supply and demand adds important dimensions to mapping  

This study shows that mapping of supply and demand of ecosystem services within an area 

has a potential of creating a fuller picture of locally relevant ES than if only looking at one of 

these dimensions separately. In this study, the separation allows for the illustration of balances 

and unbalances in supply and demand, adding to the understanding of ES dynamics in the 

region. The three step gradient used in the study (supply-use-demand) also further separates 

between dimensions of provision, illustrating that there is a span of indicators possible to use 

and that different types of indicators fit better for some types of services. The separation of 

supply and demand is to some extent artificial in the sense that all services are co-produced by 

both social and ecological production factors, but a reflected separation of supply and demand 

elements can help illustrate this by conscientiously shedding light on social elements of ES 

generation and provision.  

The act of separating the supply and the demand elements of ES provision forces us to reflect 

on these dimensions of ES generation. When done well, this enhances the understanding of 

social elements of ES co-production and helps challenge the idea of ES as a one-directional 

flow from nature to humans. This separation also makes bundling of services more straight 

forward, allowing for consistency in trade-off and synergy evaluation. Previous studies (such 

as Queiroz et al. 2015) have used an approach where supply and demand indicators have been 

mixed to generate ES bundles. While this bundling approach is innovative in many ways, it is 

not necessarily optimal to create bundles where the supply of one service is set in relation to 

the demand of another without reflecting on how these different elements of ES-provision 

relate to each other.  

Management and issues of scale and fit 

Supply quotas of local levels of supply and demand also add concrete information about over 

and under supply of ES. The unbalanced supply quotas expressed in the provisioning ES maps 

are telling examples, where local use is a reality even in municipalities with no ES supply. 

This indicates that there are scale dynamics at play within the Helge Å catchment that are not 

fully captured by the local scale mapping. Geijzendorffer et al (2015) criticises quota 

mappings on this basis, and calls for a approaches that can take more scales into consideration 

(Geijzendorffer et al. 2015). One could also argue that an unbalanced quota actually 
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highlights issues of scale rather than hides them, but the concerns are valid in the sense that 

maps can expose an issue of scale in relation to an unbalanced quota, but not explain them.  

The approach to mapping regulating ES in this study, inspired by methods developed by Garó 

et al (2015), shows one way that scale dynamics can be brought into the maps in more explicit 

ways. The regulating ES maps tie national and international environmental targets to local ES 

processes and thereby bring in scale dimensions in new and innovative ways. The 

rudimentary separation of different beneficiary groups (individual and societal) that come 

with this new mapping approach need further development, but is one way to address 

beneficiaries on different scales. 

Another issue connected to scale is that of management for sustainability. Previous studies 

have pointed out the urgent need to integrate sustainability dimensions into ES supply and 

demand assessment to ensure the long term capacity of SES to deliver ES (see e.g. 

Villamagna et al. 2013). Although the general approach used in this mapping does not 

systematically incorporate such criteria, the mapping of regulating ES is, again, an example of 

how such elements can be brought into the mapping. The approach does not assess if ES are 

being supplied in a sustainable manner, but it helps to assess how close or far away we are 

from environmental targets and how ES provision matters for reaching them. I cannot vouch 

for the sufficiency of Swedish environmental targets or the targets set up in international 

agreements on nutrient emissions regulation, but if appropriate environmental targets are in 

place, mapping them out can highlight the importance of ES for achieving sustainability.  

Temporal dynamics go beyond the scope of this master’s thesis, but if mapping is to better 

inform dynamic and responsive management, mapping approaches in general need to be 

developed toward more dynamic models. This relatively simple approach to mapping, using 

public data, has potential to be developed to incorporate more temporal dynamics and 

research is currently under way developing similar approaches (see e.g. Renard, Rhemtulla, 

and Bennett 2015)  

Within the Helge Å catchment, there seems to be a general oversupply of provisioning ES 

where regulating ES are undersupplied. This could be an indication of a potential trade-off 

between these categories, also found elsewhere (see e.g. Raudsepp-Hearne et al. 2010). 

Investigating trade-offs through bundles is not within the scope of this thesis, but if these type 

of trade-off dynamics do exist within the catchment and are not being taken into consideration 

within the management context, there is a risk that management could even exacerbate these 
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type of dynamics (Bennett et al. 2009). As touched upon in the results section, management 

varies widely across different sectors and ES and there may be gains to be won from new 

governance structures that different ES categories into consideration simultaneously. 

Added challenges of cultural ecosystem services 
One of the most important challenges that still remain is the difficulty to operationalize and 

map out cultural ecosystem services. The approach tested here fails to address the fact that 

hunting within a Swedish context has less to do with resource extraction and more to with 

experiencing nature, often shared within a group. Counting reported kills thus underestimates 

the supply of the service, and tilts the supply quota toward undersupply. The human co-

production of these types of services remains challenging, and good data sets that capture the 

essence of the services are seldom available. When data is available and of sufficient quality, 

mapping of these services can help highlight their importance and their connections to other 

services. For the types of cultural ES more generally enjoyed by a wider range of the 

population, these connections become even more interesting and important and future 

aspirations to develop the mapping methods need to keep exploring the ways to approach and 

integrate these types of services. 

Data matters  
It is important to choose to investigate and map services that matter, given the context and 

purpose of the assessment. When ES are selected for assessment and management, this has 

real consequences for beneficiary groups and their well-being (Smith et al. 2013). As such it 

is useful and to open up the process of ES selection and to invite local stakeholders to 

participate. However, regardless of what ES are ideally chosen, data availability becomes an 

important practical issue that affects both the final selection of ES and the operationalization 

of these ES. This study has been done using a pragmatic approach, adjusting the process and 

the mapping to overcome issues of data availability, sometimes filling data gaps with 

reasonable approximations in relation to data sets or targets only available at higher scale 

levels (provisioning and regulating services), or choosing less than optimal indicators for e.g. 

cultural services (animals killed per capita). These pragmatic choices are done transparently, 

to be able to explore and test the applicability of the mapping approach, while at the same 

time highlighting these challenging gaps in data availability. Here, there is an obvious role for 

scientists to be partners in the quest to develop indicators and data collection methods to fill in 

these blind spots. 
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CONCLUSIONS 

The mapping of supply in the Helge Å catchment show that ES supply here generally follow a 

predictable pattern. The southern agriculturally dominated areas supply more provisioning 

ES, and the northern forested areas tend to have a higher supply of regulating services and 

hunting. These patterns are possible indications of trade-off dynamics that could be 

investigated further through ES bundling approaches beyond the scope of this study.  

Demand mapping makes social elements of ES generation explicit, and supply quotas provide 

a social context for the interpretation of ES supply. Supply quotas for provisioning services 

highlight how the cross-scale interactions of markets have made both over- and undersupply 

of provisioning ES possible, underscoring that local supply and local demand are detached 

from each other. Supply quotas for regulating services, based on expressed social demand, 

add directionality to maps by highlighting how close or far away we are from achieving 

desired environmental states and the role that ES provision has in achieving sustainability.  

Clearly, mapping both supply and demand provides additional information about ES 

provision that has value within management contexts. However, if this type of information is 

to be fully utilised within management, there needs to be governance structures in place that 

has the capacity interpret this information, as well as to translate this into appropriate 

management interventions. At the moment, management varies widely across different sectors 

and for different ES. In light of this, the Kristianstad Vattenrike Biosphere Reserve as well as 

the newly started Model Forest initiative in the catchment are interesting and potentially 

important arenas for collaboration and management innovations. 

There are some obvious challenges still associated with this type of mapping, that have yet to 

be resolved through continued research efforts. Cultural ecosystem services are still difficult 

to map and further methodical and data development is needed to be able to use mapping as a 

reliable tool for assessment of these ES. Data availability is a general issue for assessing 

demand, and further development of ways to disaggregate beneficiary groups are needed to 

fully grasp the implications of different management outcomes and approaches. 
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APPENDIX A 

Table 2: Municipals in the study 

Municipality County 
Inhabitants 
(2015) 

Municipal area 
(km2) 

Alvesta Kronoberg 19 581 1 102 
Hässleholm Skåne 51 048 1 309 
Hörby Skåne 15 020 428 
Höör Skåne 15 970 329 
Kristianstad Skåne 82 510 1 330 
Ljungby Kronoberg 27 638 2 049 
Markaryd Kronoberg 9 779 525 
Osby Skåne 12 954 592 
Perstorp Skåne 7 211 154 
Värnamo Jönköping 33 473 1 302 
Älmhult Kronoberg 16 168 1 002 
Örkelljunga Skåne 9 831 343 
Östra 
Göinge Skåne 14 102 460 
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APPENDIX B 

Indicator calculations 
 

Meat 
Meat supply is calculated using data for number of animals per municipality slaughtered 

(Swedish Board of Agriculture). The indicator is expressed as kg per capita, where the weight 

expressed is slaughter weight, the number of animals slaughtered were multiplied with the 

average slaughter weight for beef that same year, and then divided by number of inhabitants 

in the municipality. 

The demand is expressed in terms of use and calculated in kg per capita. National slaughter 

weight per capita is available from the Swedish Board of Agriculture database, and is an 

expression of all meat consumed in the country in a year divided by the total amount of 

inhabitants in Sweden. There might be some losses in the production chains not adjusted for 

in the data.  

The reason this indicator is operationalized in terms of use data on individual basis is the fact 

that the consumption of meat is a direct consequence of the individual’s preferences. There 

are, however, some factors that indicate that demand for meat most probably is higher than 

the use/consumption. Beef is a relatively expensive protein, and there are probably many who 

chose to buy other types of food due to price considerations.  

Wheat and sugar 
Wheat and sugar supply is calculated using municipal land use data from the Swedish Board 

of Agriculture database. Areas for each crop is then converted to produced wheat and sugar 

using the average yields for the same year. Total harvest per municipality were then divided 

by inhabitants per municipality.  

Public use data for wheat and sugar is only available on national level. For the aims of this 

study, national per capita data from the Swedish Board of Agriculture is used to calculate the 

demand of these services in each municipality. The indicator is recalculated by the formula 
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑃𝑃𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐺𝐺𝑃𝑃+𝐼𝐼𝐼𝐼𝐼𝐼𝐺𝐺𝐺𝐺𝑃𝑃𝐺𝐺−𝐸𝐸𝐸𝐸𝐼𝐼𝐺𝐺𝐺𝐺𝑃𝑃𝐺𝐺

𝑁𝑁𝑁𝑁𝑃𝑃𝑃𝑃𝐺𝐺𝑃𝑃𝑁𝑁𝑁𝑁 𝑃𝑃𝐺𝐺𝐼𝐼𝑃𝑃𝑁𝑁𝑁𝑁𝑃𝑃𝑃𝑃𝐺𝐺𝑃𝑃
.  

Also for these services, actual use/consumption is connected to total demand of the service, 

but not necessarily on a one to one basis. Prices are generally quite low for sugar and wheat, 

and as such there should not be too large of an unsatisfied demand, but one should not assume 

a 1-1 relationship.  
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P- and N- retention 
Within a Swedish context, the societal demand for N and P retention is expressed through the 

National Environmental Objective “Zero Eutrophication” as decided by the Swedish 

parliament and through international agreements such as EU’s Water and Marine Strategy 

Framework Directives and Helcom (the Baltic Marine Environment Protection Commission - 

Helsinki Commission). 

The Zero Eutrophication objective has not been broken down to sub-national levels. Since no 

precise environmental targets have been set up, the indicators for N and P retention used in 

this study are total emissions of P (all sources) and N (anthropogenic emissions from private 

sewers and agricultural land), calculated for each municipality. Arguably, emissions can be 

reduced in other ways than through higher supply of regulating ecosystem services, e.g. 

through better emissions management or new farming practices. Net emissions as indicator 

does, however, serve as a good proxy for assessing the demand of these services, all other 

things equal, especially when comparing between municipalities. A word of caution is that it 

is very ambitious to set zero target on eutrophication, and this will have implications for how 

the supply and demand balance look.   

Net emissions data has been collected from the Swedish Environmental Emissions Data 

(SMED) database. SMED data is given for areas that overlap and exceed municipal 

boundaries, and has therefore been recalculated and spatially adjusted to municipal borders 

(net emissions for municipality = net emissions for area(s) x percentage of area(s) within 

municipal border). 

Water quality – standing and running 
Swedish environmental standards for surface water quality are controlled by the Swedish 

Marine and Water Authority’s regulations on water quality standards. Given by these 

regulations, all surface water in Sweden is to be assessed and categorized into five different 

classes (“high”, “good”, “fair”, “bad” and “very bad”). When managing water quality, 

regulations call for interventions if the water is classified as fair or below. Given that the 

regulations on water quality are so clear, this classification is used as a base to calculate 

demand of water quality – both standing (lakes and coastal waters) and running (streams and 

rivers). In this study, the surface area (standing waters) and length (running waters) of waters 

that are better than satisfactory (“high” and “good”) is used as an indicator for ES supply.  

The demand indicator reflect the total demand of the service, and as such is calculated as total 

water surface/length per area in the municipality. Data is collected from the Swedish Water 
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Information System (VISS), which is a public database on water in Sweden. The data was 

collected in February of 2016.  

 

Hunting 
Hunting is here seen as a cultural service, more so than a provisioning service. The Swedish 

Environmental Protection Agency keeps a database on licensed hunters in Sweden. This data 

is available on municipal level. In this study the indicator licenced hunters per capita is used 

to assess the demand of the cultural ecosystem service of hunting. Since hunting is licenced in 

Sweden, and all who want to hunt need a hunter’s licence (barrier to entry) it is fair to assume 

that the interest to hunt is larger than the actual number of registered hunters. The indicator is, 

however, a very good way to measure access and use of the ecosystem service. Demand data 

is set in relation to supply data of number of killed deer, fallow deer, red deer and wild boar 

the same year in each municipality. Since hunting grounds and wildlife management areas 

often cross municipal boundaries, these data have been recalculated by municipality using 

Qgis software.  
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APPENDIX C 

 

Table 3: Provisioning ES data 

 Provisioning ES 
 Meat Wheat Sugar 
Municipality Demand Supply Supply Quota Demand Supply Supply Quota Demand Supply Supply Quota 
Alvesta 26,1 65,2 250 233,2 89,8 0 40,9 0,0 0 
Hässleholm 26,1 6,0 23 233,2 128,6 205 40,9 83,8 205 
Hörby 26,1 0,0 0 233,2 741,2 2118 40,9 866,5 2118 
Höör 26,1 27,7 106 233,2 291,5 739 40,9 302,2 739 
Kristianstad 26,1 33,8 130 233,2 638,2 3060 40,9 1251,5 3060 
Ljungby 26,1 42,9 164 233,2 33,7 0 40,9 0,0 0 
Markaryd 26,1 10,6 40 233,2 5,4 0 40,9 0,0 0 
Osby 26,1 18,7 72 233,2 0,0 0 40,9 0,0 0 
Perstorp 26,1 22,9 88 233,2 2,1 0 40,9 0,0 0 
Värnamo 26,1 23,3 89 233,2 37,9 0 40,9 0,0 0 
Älmhult 26,1 23,2 89 233,2 6,5 0 40,9 0,0 0 
Örkelljunga 26,1 14,9 57 233,2 0,5 0 40,9 0,0 0 
Östra Göinge 26,1 48,1 184 233,2 413,0 1133 40,9 463,6 1133 
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Table 4: Regulating ES data 

 Regulating ES 
 N retention P retention Standing Water Quality Running Water Quality 
Municipality Demand Supply Supply Quota Demand Supply Supply Quota Demand Supply Supply Quota Demand Supply Supply Quota 
Alvesta 193,91 97,72 50 18,85 3,18 17 0,077 0,022 29 299,3 0,0 0 
Hässleholm 533,20 116,34 22 22,53 2,02 9 0,015 0,003 23 449,1 26,3 6 
Hörby 1408,20 642,02 46 40,05 5,06 13 0,026 0,000 0 475,7 41,7 9 
Höör 850,06 300,51 35 34,02 1,84 5 0,077 0,000 0 427,4 64,9 15 
Kristianstad 1113,77 299,58 27 27,26 2,38 9 0,053 0,017 32 329,7 112,4 34 
Ljungby 153,86 47,54 31 11,75 1,46 12 0,119 0,119 100 287,7 4,0 1 
Markaryd 136,77 28,08 21 11,87 0,35 3 0,013 0,012 98 312,4 19,5 6 
Osby 125,28 40,08 32 11,14 2,44 22 0,019 0,003 18 516,6 0,0 0 
Perstorp 277,35 41,73 15 23,18 0,34 1 0,000 0,000 NA 502,2 84,9 17 
Värnamo 126,13 59,05 47 10,46 3,12 30 0,088 0,061 69 357,3 77,8 22 
Älmhult 147,97 57,90 39 11,37 1,46 13 0,077 0,013 17 275,9 4,7 2 
Örkelljunga 434,48 75,53 17 27,49 3,08 11 0,019 0,018 97 334,2 0,0 0 
Östra Göinge 380,78 107,25 28 21,12 1,67 8 0,026 0,008 32 507,1 0,0 0 
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Table 5: Cultural ES data 

 Cultural ES 
 Hunting 
Municipality Demand Supply Supply Quota 
Alvesta 0,052 0,0008 2 
Hässleholm 0,034 0,0005 2 
Hörby 0,035 0,0038 11 
Höör 0,028 0,0028 10 
Kristianstad 0,022 0,0005 2 
Ljungby 0,057 0,0007 1 
Markaryd 0,044 0,0034 8 
Osby 0,050 0,0011 2 
Perstorp 0,028 0,0008 3 
Värnamo 0,044 0,0003 1 
Älmhult 0,054 0,0012 2 
Örkelljunga 0,045 0,0013 3 
Östra Göinge 0,038 0,0008 2 
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