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Abstract 
Ecosystem services (ES), the benefits humans receive from nature, increasingly come under 

pressure in Stockholm, one of the fastest growing capitals in Europe. To enhance the amount of 

eco-efficient area, Stockholm developed the Green Space Index (GSI). It is not known which areas 

in Stockholm might be particularly vulnerable in terms of ES availability, or whether the GSI 

objectively improves ES availability. 

The aim of this thesis was threefold. Firstly, to provide an overview of the current distribution 

of ES in the city; secondly, to test for a potential correlation between ES availability and socio-

economic opportunity; thirdly, to test for differences in ES availability between an area where the 

GSI had been implemented, and areas without the GSI. Specifically, the ES of stormwater retention, 

annual water retention, heat mitigation, and nature access were assessed. 

For quantifying ES, the Urban InVEST models from the Natural Capital Project were used. 

Results from the models were combined to form a heatmap of ES. A correlation between socio-

economic opportunity and the availability of ES was assessed with a Spearman correlation test on 

the neighbourhood deprivation index (NDI) and the ES. The NDI measures income, education, 

population receiving social benefits, and employment. Differences between the areas with and 

without GSI were tested for with t-tests. All statistical analyses were conducted in RStudio. 

The analysis revealed that the ES in Stockholm are available less in the city centre and increase 

towards the outskirts. Economic opportunity in a district is negatively correlated with stormwater 

retention, annual water retention, and nature access – the higher the socio-economic opportunity, 

the less of these services is available. 

Where the GSI had been implemented was significantly different from all the areas it was 

compared to. Due to different types of land use both water retention services are lower in the GSI 

area compared with the situation prior to redevelopment, the residential area, and one of the 

three other areas that had been redeveloped without the GSI. For heat mitigation, the GSI area 

performed worse than two of the redeveloped areas. 

While the outskirts seem to be better provided with ES, this does not mean that the demands 

are met everywhere. Large parts of the construction in the coming decades are planned to take 

place in these less well-off areas, potentially threatening the natural elements providing ES and 

affecting populations that are less well equipped to make up for the loss of ES. The GSI can be a 

powerful tool to combat this. However, the research uncovered some shortcomings that should 

be addressed: striving for a high GSI score is not sufficient, measures with which the GSI is 

achieved must be suitable for the needs of the location. A process focussed on uncovering these 

needs first, or splitting up the GSI into several assessment categories, could aide in this. 

Future research should continue assessing the GSI, either in a scenario analysis, or by 

monitoring. With these findings, the present thesis hopefully contributes to an improved 

understanding of ES in Stockholm. 
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1. Introduction 

1.1. Problem statement 

The main reason for building houses, as well as cities, has been to 
protect humans from nature. 

Bolund & Hunhammar, 1999 

In our ever-expanding cities, we are now fairly well protected from “nature”; harsh weather 

conditions, roads that are made structurally unsafe by vegetation, or attacks by wild animals are 

usually not a problem for city dwellers. Cities are – generally speaking – housing less animal and 

plant species than rural areas (Aronson et al., 2014), and urbanisation at large is then also 

considered one of the major threats to biodiversity (Millennium Ecosystem Assessment, 2005; 

Seto et al., 2012).  

This is found to be increasingly problematic, however, as nature is recognized to provide 

humans with vital services: from food production to positive impacts on human health (see for a 

list of examples Frumkin et al., 2017), so-called ecosystem services (ES) are relevant to all aspects 

of society (Bolund & Hunhammar, 1999; Gómez-Baggethun et al., 2013). Without the necessary 

natural elements or ecosystems (like the garden depicted in Figure 1), these services are either 

absent or need to be substituted technologically. (Stockholms Stad, 2022b) 

The issue of threatened ES in cities and the risk this contains has come to the attention of city 

governments. Increasingly, efforts are made to catalogue, protect, and enhance these services. 

Mapping of ES is a preferred approach for many decision makers, since several layers of 

information can be incorporated into them (Burkhard et al., 2012). The distribution of service 

supply throughout the whole city can be mapped and combined with data on demand for these 
services. Thus, mapping can give valuable insights to researchers and practitioners alike. 

Globally, there is a growing body of research on matching supply and demand for ES. An aspect 

of supply and demand relationships that is discussed frequently in literature is environmental 

justice. Simply put, environmental justice focuses on whether supply and demand relationships 

differ between population groups. In the context of ES, environmental justice is researched 

especially in the context of access to urban nature (Borelli et al., 2021; Dahlberg et al., 2022; 

Langhans et al., 2023). As benefits from nature should be accessible to everyone, environmental 

justice is a relevant field of research. Studies reviewing just distribution of services other than 

Figure 1 Multifunctional greenspace, providing aesthetic value as well as 
stormwater protection (Stockholms Stad, 2022b). 
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nature access were conducted for example in New York City (Herreros‐Cantis & McPhearson, 

2021) and in Strasbourg (Selmi et al., 2021). In both studies, runoff mitigation, and air purification 

were considered as ES. The study in New York City furthermore investigated local temperature 

regulation, while the French study considered atmospheric carbon reduction. A common way of 

categorizing advantaged and disadvantaged population groups is by socio-economic 

characteristics. 

In order to stimulate a greener urban environment, the city of Stockholm recently developed 

its own planning tool for integrating multifunctional natural elements in its city scape. The Green 

Space Index (GSI) “promotes greenery that fulfils several functions, such as creating green spaces 

for recreation, delaying and purifying storm water, offering shade, contributing to pollination and 

being beautiful to behold” (Stockholms Stad, 2017). The index is expressed as a number between 

0 and 1, with higher values indicating more eco-efficient surface, combining the services that make 

up the benefits of the area in question (Boverket, 2020). 

The GSI for Stockholm was largely designed by the C/O City project during an early phase of 

redeveloping the Stockholm Royal Seaport (SRS) from an industrial area to a residential area 

(Stockholms Stad, 2022a). The municipality owns the area and has committed to an ambitious 

sustainability strategy, including application of the GSI (Lennartsson & Salmhofer, 2017). 

Planning of the redevelopment began in 2009 and construction started in 2011. As of June 2023, 

the SRS is the only area in Stockholm where the GSI has been applied (P. Qvist, personal 

communication, 30 May 2023). 

Private construction projects in Stockholm are now required to calculate the GSI and strive for 

a value of 0.6 (Lundqvist et al., 2021). And in Stockholm, part of the fastest growing region in 

Europe, plenty of new construction projects are expected in the coming years; 140,000 new homes 

are to be built by 2030. The land is expected to come under further pressure as the number of 

inhabitants is expected to grow by almost a third in the coming two decades (Stockholms Stad, 

2018). However, while 70% of the land in Stockholm is owned by the municipality (Stockholms 

Stad, 2021b), it is as of now not compulsory to work with the GSI when developing public land 

(Stockholms Stad, 2023). 

Due to its novelty, the GSI has mostly been the subject of policy and guidance documents (C/O 

City, 2018; Lundqvist et al., 2021; Salmhofer & Ek, 2021). To assess the impact of the GSI, other 

studies were surveyed. One study available in English and dealing with the GSI was found, a work 

from Stange et al. (2022). In this study, the GSI is compared to two other green area factors, one 

in Berlin and one in Oslo. Apart from this study, in recent years some theses were published that 

research the GSI in Stockholm, for example Wikström (2020) or Hopkins (2021). However, peer-

reviewed literature has not yet sufficiently focussed on critically assessing the impact of the GSI 

on the provision of ES. Even tools similar to the GSI, that have existed for longer periods of time, 

are usually not being monitored or assessed with external tools in their impacts (Juhola, 2018; 

Mendonça et al., 2021). 

Apart from the potential effects of the GSI, the current distribution of ES and whether this 

distribution is correlated with socio-economic factors, has not been researched. It has, however, 

been noted that environmental justice issues are also present in the municipality in Stockholm 

(Adem Esmail et al., 2022). In 2003, the “Stockholm Urban Assessment” was conducted, when 

Stockholm found itself in a similar situation to today: faced with rapid population growth and 

urbanization (Colding et al., 2004). Studies since then have used Stockholm as a case study for 

conceptualizing new ES assessment methods (Baró et al., 2015; Goldenberg et al., 2017) or they 

investigate the future potential of ES under different scenarios, be it dependent on energy 

trajectories (Mörtberg et al., 2017) or land use change (Kain et al., 2016). 
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1.2. Research design 
As Stockholm is faced with large-scale redevelopment in the coming decades, the city is 

currently at a crossroads of deciding on the distribution of natural elements and their benefits for 

the long term. While this poses a considerable challenge, it is also an opportunity. Knowledge 

about the current state of ES, potential injustices in the distribution, and an evaluation of the 

effectiveness of the GSI, a tool that is already in use, can enable the city of Stockholm to provide 

its citizens with the best possible provisioning of ES. As Bolund and Hunhammar (1999) rightfully 

say: “natural urban ecosystems contribute to public health and increase the quality-of-life of 

urban citizens”, and these benefits should be available to all citizens. 

Of course, there is a whole wealth of services to choose from. In the present study, the focus is 

on four ES: stormwater retention, annual water retention, heat mitigation, and nature access. All 

of these are relevant in the city of Stockholm. While under current climatic conditions storms are 

already a common occurrence in the Swedish summer, predictions are that these will only become 

more frequent in a warming climate. Damages related to these rainfall events are significant 

(Blumenthal et al., 2018). At the same time, Sweden already suffered from several particularly dry 

periods in the past decades, and these are also expected to become more severe with climate 

change. Effects of droughts in Sweden so far range from the need for water restrictions for private 

households, to wildfires and measures as extreme as killing off considerable numbers of livestock. 

The economic damage to the agricultural sector alone has been cited to be as high as €1 billion 

(Teutschbein et al., 2023). The potentially devastating effects of drought make it worthwhile to 

consider the annual water retained in Stockholm. 

During heatwaves, mortality in Stockholm has been observed to increase (Oudin Åström et al., 

2020), which warrants additional attention to the cooling effects of vegetation. With the planned 

140,000 additional homes, the impervious surface is bound to increase, furthering the urban heat 

island (UHI) effect (Stewart & Oke, 2012). Already in 2013, reflecting upon the Stockholm Urban 

Assessment from 2003, Colding (2013) stated that nature in Stockholm was getting more 

fragmented, limiting the amount of nature for recreation. Access to nature is regarded to be a 

relevant factor for mental and physical health (Remme et al., 2021). 

In this master’s thesis the state of the ES stormwater retention, annual water retention, heat 

mitigation and nature access in the municipality of Stockholm are examined. This is first done in 

an assessment of the current situation for the municipality, analysing a potential correlation 

between the ecosystem service provisioning and the socio-economic deprivation of a district. 
Subsequently, the potential effect of the GSI is analysed in a “before and after” comparison in the 

SRS, as well as in a comparison between areas. 

The research questions answered in this thesis are: 

1. How are the ecosystem services of stormwater retention, annual water retention, heat 

mitigation and nature access currently distributed in Stockholm? 

2. Is there a correlation between the ecosystem services’ distribution and socio-economic 

opportunities in the different districts? 

3. What is the effect of implementing the Green Space Index (GSI) on ecosystem services in 

the Stockholm Royal Seaport? 

a. How have the values and distribution of the ecosystem services in the Stockholm 

Royal Seaport changed after redevelopment with the GSI? 

b. How is the area redeveloped with the GSI different from the areas redeveloped 

without the GSI? 
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c. How is the area redeveloped with the GSI different from another residential area 

in the same district? 

Answering these questions will shed light on different ES in Stockholm. These services 

represent at least two of the pillars of sustainability, namely social and environmental 

sustainability, assessed with models from the technological side of sustainability. Moreover, the 

analysis is conducted within the boundaries of the municipality of Stockholm, which can be 

considered a complex human-made system. By purposefully focussing on this scale, this thesis 

furthers the canvas of systems thinking-based research vital to the field of Industrial Ecology. 

The following section (Theoretical background) explores the main concepts used in this thesis, 

followed by the Methods section. Afterwards, the Results of the research are presented and their 

implications, weaknesses and strengths are detailed in the Discussion. Finally, the research 

questions are answered in the chapter Conclusions. 
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2. Theoretical background 

2.1. Ecosystem services 
In this research, the following definition of ecosystem services (ES) is used: “the ecological 

characteristics, functions, or processes that directly or indirectly contribute to human wellbeing” 

(Costanza et al., 2017). Three types of ES are commonly distinguished: provisioning services, 

regulating services, and cultural services (Haines-Young & Potschin, 2013).  

Apart from provisioning services, ES relevant for the urban sphere are generally used close to 

the ecosystems that generate them. For example, cooling provided by a park or a reduced flood 

risk from water buffering capacity provided by a garden. 

To illustrate how benefits for people arise from ecosystems, the cascade model was developed 

by Haines-Young and Potschin (2010), displayed in Figure 2. Here, the distinction between 

services and benefits should be noted: ES are outputs of ecosystems which affect human 

wellbeing. These outputs may have been altered by human influence. Benefits are the products or 

experiences that humans derive from the services (Haines-Young & Potschin, 2013).  

 

The ES at the heart of this research are flood risk mitigation, annual water retention, heat 

mitigation, and nature access, as these are all services relevant in Stockholm and available in a 

coherent modelling framework in the InVEST models. The individual services are explained more 

in detail in the following sections. 

2.1.1. Stormwater retention 
When talking about stormwater retention in this thesis, it is concerning pluvial flooding, so 

flooding caused by an extreme rainfall event. Pluvial flooding in cities is mainly promoted by the 

interplay of two factors: urban areas are largely made up of impervious surfaces which do not 

allow for water to seep away. The water is then forced into the sewer system, which often is not 

equipped to deal with particularly heavy rainfalls. Figure 3 shows the pathways of rainwater in 

an urban environment. The storms for which the system’s capacity was designed is likely to 

become more frequent in a changing climate (Huang et al., 2020). 

Figure 2 Ecosystem service cascade model, describing how benefits for humans arise from natural ecosystems 
(Haines-Young & Potschin, 2010). 
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Figure 3 The (urban) water cycle, adapted from Natural Capital Project (2022). 

Natural elements can help against flooding by slowing surface runoff and by offering additional 

water storage capacities. These elements might be introduced in the form of substituting 

impervious roofs with green roofs or by building rain gardens (Vojinovic, 2020). 

2.1.2. Annual water retention 
As the name implies, this service deals with the water balance on an annual basis. This focus is 

especially useful when exploring the potential for aquifer recharge in drought-prone regions, or 

when looking at the quality of the water present in an area. Also here, natural elements can 

promote water infiltration and thereby water retention rates (Natural Capital Project, 2022). 

2.1.3. Heat mitigation 
The urban heat island (UHI) effect is a phenomenon present in almost all urban areas. A UHI 

arises due to the structure of a city; cooling by convection is limited due to buildings, land cover 

is impervious, materials used often store heat, and natural vegetation, which could cool by 

providing shade and evapotranspiration, is limited. At the same time, cities are hotspots of human 

activity, which often releases even more heat (Stewart & Oke, 2012). 

2.1.4. Nature access 
Being in nature has many physical and mental health benefits (Frumkin et al., 2017; Remme et 

al., 2021). Especially being physically active in nature, be it by taking walks or by doing sports in 

natural areas, has been shown to offer a variety of health benefits, even exceeding the ones of 

being active indoors. Remme et al. (2021) identified two variables on which making use of natural 

spaces depends: access to nature and thereafter the choice to make use of the available nature. 

While the choice to use urban nature is dependent on several factors on the individual level, 

and surely also on the quality of the nature offered, nature access can be defined more globally. 

According to Remme et al. (2021), nature access is the (perceived) opportunity of people to 

expose themselves to urban nature, which is dependent on distance, barriers, individual 

capabilities, and socio-economic factors. 

2.2. The Green Space Index 
The Green Space Index (GSI), as applied by the city of Stockholm, is “a tool that aims to support 

system solutions wherein urban greenery and storm water are managed in various ways to 

strengthen ecosystems and compensate for the negative effects of climate change while also 
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creating attractive gardens and outdoor environments” (Stockholms Stad, 2017). Essentially, it is 

a measure of the eco-efficient surface compared to the overall area. Eco-efficient surface 

comprises “all green and blue surfaces that have a positive impact on the local ecosystem, 

contribute to a better microclimate, stormwater management and noise reduction and have social 

values linked to greenery and/or water” (Lundqvist et al., 2021 as translated by Google Translate). 

In the following Table 1, translated and adapted from Boverket (2020), the calculation of a GSI 

is illustrated. Each surface type is assigned a value for eco-efficiency. This value is then multiplied 

with the total area of the surface in question to obtain the actual eco-efficient surface. In a last 

step, the eco-efficient area is calculated as a fraction of the total area for which the GSI is to be 

calculated. 

Table 1 Exemplary calculation of the Green Space Index (GSI), as adapted from Boverket (2020). 

Surface Value Area (m2) Eco-efficient area 

(m2) 

Soil and grass 0.4 30 12 

Bushes and solitary 

trees 

0.4 3 1.2 

Sealed roof 0 40 0 

Permeable hard 

surface 

0.25 10 2.5 

Sum not applicable 83 15.7 

GSI 𝟏𝟓. 𝟕

𝟖𝟑
= 𝟎. 𝟏𝟗 

 

Two GSIs are being distinguished: the GSI for private developments, literally translated the 

“neighbourhood level GSI”, and the GSI for public land. For private developments, the calculation 
of the GSI is compulsory and generally a value of 0.6 has to be achieved (Lundqvist et al., 2021). 

On public land the GSI can be applied at a developer’s volition. As of now, the GSI is only applied 

in the Hjorthagen area in the Stockholm Royal Seaport. Two development plans including GSI 

measures have been accepted, but are not yet constructed (P. Qvist, personal communication, 30 

May 2023). 

The GSI for private developments entails the services biodiversity, social and recreational 

values, and climate adaptation (including stormwater management and sound quality) (Boverket, 

2021). For public land, the GSI additionally includes the services microclimate regulation and 

pollination (C/O City, 2018). The GSI is aggregated to represent all these services as a score 

between 0 and 1. 

2.3. Case study: Stockholm Royal Seaport 
The Stockholm Royal Seaport (SRS), or Norra Djurgårdsstaden in Swedish, is a former 

industrial area in the east of Stockholm, consisting of the neighbourhood of Hjorthagen, the two 

harbour areas Värthamnen and Frihamnen, and the area of Loudden. In 2009 the city council 

designated the SRS to become a flagship of sustainable urban development, a so-called 

“environmentally profiled city district” (Lennartsson & Salmhofer, 2017). Several measures are 

implemented for achieving a higher GSI: for example green roofs, courtyards, parks, as well as 

nests for insects and birds (Stockholms Stad, 2021a). 
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2.4. Socio-economic opportunity 
Neighbourhood deprivation is a concept predominantly utilized in medical or sociological 

studies in Sweden, where it is investigated in correlation with the prevalence of diabetes (White 

et al., 2016), obesity in children (Li et al., 2014), mortality during heat waves (Oudin Åström et al., 

2020), or drug abuse and crime rates (Sariaslan et al., 2013). Except for the latter study by 

Sariaslan and colleagues, all studies used a combination of level of education, unemployed 

population, income, and population receiving social benefits as indicators for neighbourhood 

deprivation. Sariaslan et al. add a few more factors relating to familial status and heritage. 

Information on the first four indicators can be found most easily. When applied in such a way, 

neighbourhood deprivation can be seen as a measure of socio-economic opportunity present in a 

district. 
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3. Methods 

3.1. Approach 
The conducted research can be divided into four general phases, as visualized in Figure 4. 

Phase 1 was the preparation phase in which the case study was decided upon, and data was 

collected for the baseline assessment and the case study. Phase 2 was the assessment of the 

baseline situation in the municipality of Stockholm for which the four different ES were quantified, 

resulting in a heatmap showing the distribution throughout the city. Moreover, a potential 

correlation between economic opportunity and ES distribution was tested for statistically. Phase 

3 was dedicated to the case study, so all services were quantified for the situation in the SRS before 

2011, when the GSI was not yet implemented. The before and after situations in the GSI area were 

compared for statistically significant differences, and tests for differences between the areas were 

conducted. Phase 4 finalized the project by bringing all the results together to draw conclusions 

and answer the research questions. 

Figure 4 Research flow diagram, dividing the research into four different phases to answer the research questions. ES: 
Ecosystem services, GSI: Green Space Index, LULC: land use/land cover, NDI: measure of socio-economic opportunity, SRS: 
Stockholm Royal Seaport, InVEST: ES quantification software.  

3.2. Software 
In this project the InVEST 3.13.0 Workbench was used for running the InVEST models. Data 

visualization was done in ArcMap 10.6.1, as well as a part of the data processing. ArcCatalog 10.6.1 

was also used for data processing. The biophysical tables were prepared in Excel. Statistical 

analyses were conducted in RStudio 4.2.1. 

3.3. The InVEST models 
Urban InVEST, a suite of models developed by the Natural Capital Project (NatCap), combines 

models that are relevant in the urban context and advances the development of models specific to 

the urban sphere for use by practitioners and researchers. NatCap is a collaboration that brings 

together several renowned institutions, such as the Stockholm Resilience Centre, the Chinese 

Academy of Sciences, or the University of Minnesota (Lewis, 2019). The models were developed 
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in collaboration with municipalities in the United States and the Asia-Pacific region, and the first 

ones were released in 2020. As of May 2023, four urban models are publicly available: Flood Risk 

Mitigation, Stormwater Retention, Cooling, and Nature Access. More models are under 

development (Natural Capital Project, 2022). 

Several studies have already been conducted using Urban InVEST. Hamel et al. (2021) 

introduce Urban InVEST in three case studies for Shenzhen (China), the Twin Cities (United 

States), and Paris (France). In each of the three, the models were used to investigate a different 

urban planning issue through the lens of ES, to showcase the versatility of the models. 

The InVEST models make use of land use and land cover data in combination with biophysical 

data to quantify the benefits of nature. Examples of biophysical data are information on the albedo 

of different surfaces, evapotranspiration values, or stormwater runoff coefficients. For reference, 

the data for the models used in this research are listed in Appendix I: Model inputs. Results are 

best interpreted using geographical information systems (GIS). 

The InVEST software is freely available for download on the website of NatCap, together with 

intensive documentation describing the workings of each model and including pointers towards 

potential data sources. NatCap also hosts an online forum for discussing questions and problems, 

where users and software developers alike participate. Moreover, the code behind the models is 

freely available on GitHub. In the following description of the individual models, information is 

taken from the User Guide (Natural Capital Project, 2022), unless specified otherwise. 

3.3.1. Land Use/Land Cover raster 
The land use/land cover (LULC) map is the basis of all the Urban InVEST models. For the 

current situation, the LULC map was made up of data from two sources. Wherever possible, data 

from Stockholm’s mapping and geodata service was used for adding trees, waterbodies, roads, 

buildings, wetlands, green areas and forest areas, port areas, sports facilities, paved areas, and 

airport areas. Urban Atlas’ 2018 tree cover map was added to that, green roofs in the SRS were 

added manually, and finally the Urban Atlas 2018 LULC map was used to fill any remaining gaps. 

All this data was available as a shapefile and had to be converted to raster with a cell size of 10 x 

10 m. For the classification of the different LULC classes the system of Urban Atlas was retained, 

only two classes were added: “Green roofs” and “Buildings”. The resulting map is displayed in 

Figure 5.  

The Urban Atlas data had to be clipped to the extent of the subwatersheds intersecting the 

municipality of Stockholm. Clipping to the extent of the municipality would have been sufficient 

for the Urban Cooling and Urban Nature Access models, however clipping to the extent of the 

subwatersheds made the LULC file usable in all the models and made sure that effects of LULC 

types from outside the city boundaries were also partially considered. The subwatersheds 

overlapping the municipality of Stockholm were extracted from the regional subwatershed map 

using ArcMap’s “Select by location” tool and by consequently making a new layer from the selected 

polygons. Wherever necessary, the files were reprojected to SWEREF99_TM. All these operations 

were done in either ArcMap 10.6.1 or in ArcCatalog 10.6.1. The ArcGIS tool “Mosaic to new raster” 

was then used to combine the different layers into one raster. 

The extent of the Urban Atlas data ended shortly outside of the land area, resulting in large 

parts of the water bodies around Stockholm being classified as NoData. Since the presence of 

water impacts the different ES, this was rectified by reclassifying the NoData values to water with 

the “Reclassify” tool. The assumption was made that all NoData values in the LULC map within the 

relevant extent was water. 
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Figure 5 Land use/land cover map of the municipality of Stockholm used for the analysis of the current situation, made up 
from data from the municipality of Stockholm, Urban Atlas, and with manually added green roofs in the Stockholm Royal 
Seaport. 

3.3.2. Urban Flood Risk Mitigation model 
In InVEST’s Urban Flood Risk Mitigation (UFRM) model, the service of water retention during 

a heavy downpour is quantified. Flooding is calculated as runoff volume. The model first estimates 

the runoff for each surface based on the curve number, which depends on the LULC class and the 

soil hydrologic group. Afterwards, the runoff retention is calculated by subtracting the runoff over 

total storm depth from 1, resulting in a fraction. Runoff retention volume is calculated by 

multiplying the runoff retention with the storm depth and the area. 

The Urban Flood Risk Mitigation model for the current situation 
The two water retention InVEST models operate on the level of watersheds or subwatersheds 

(the catchment area from which water is collected to flow into a single stream (United States 

Environmental Protection Agency, n.d.)). All raster files were fed to the model clipped to the extent 

of the subwatersheds and reprojected in SWEREF_99. Model output is only generated for pixels 

where data is present, for the UFRM model this means that cells where no information on soil 

hydrologic group is available, no water retention is calculated. 

A relevant rainfall depth for the model was determined at a total volume of 105.7 mm. This 

number is based upon a stormwater model issued by the municipality of Stockholm (Thurin, 

2018). 105.7 mm is the amount of rainwater expected in a “once-in-100-years” rainfall event in 

the city. 

Curve numbers were obtained from several international sources, as local data specific per 

LULC type and soil group was not available. Most curve numbers stem from the United States 

Natural Resources Conservation Service (1986) and a study by Zeng et al. (2017). In both 

publications, the curve numbers of the LULC description resembling the one present in the LULC 
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map for Stockholm most closely was chosen. All model inputs are listed in Table 3 in Appendix I: 

Model inputs. 

3.3.3. Urban Stormwater Retention model 
In the Urban Stormwater Retention (USWR) model, the annual water retention is calculated. 

These calculations are based on runoff coefficients, which are provided by the user and, like the 

curve numbers for the UFRM model, are defined per LULC class for each soil group. Based on these 

runoff coefficients, the model calculates how much water is retained, considering the annual 

precipitation in the location in question. 

For additional realism, the model offers the option to consider the retention of areas in the 

vicinity. If areas within a certain radius are not considered to be connected to the stormwater 

sewer system, then the retention of the location in question is increased. 

The Urban Stormwater Retention model for the current situation 
The precipitation raster utilized in this research is made up of twelve separate rasters, each 

representing the average precipitation in the area for one month of the year. The rasters were 

summed up with ArcMap’s “Raster calculator” tool. Then, the raster had to be reprojected to 

SWEREF_99 and clipped to the extent of Stockholm’s subwatersheds. The same was done for the 

road centerlines file, obtained from Lantmäteriet. Lantmäteriet made data of different types of 

roads available, from highways to dirt roads. After sampling some data points in the different road 

layers and looking them up on Google Maps, the decision was made to only use the layer with the 

main roads because other road classifications also contained roads with pervious covers. As for 

the UFRM model, the USWR model is not generating output data for locations where input data is 

missing, specifically for the combination of the soil hydrologic group and precipitation rasters. 

Just as for the curve numbers, also for the runoff coefficients local data at the necessary level 

of specificity was not available, and no international source offered all the correct combinations 

of LULC types and soil groups. Therefore, again, the closest resembling LULC category/soil group 

combination from several sources was chosen. The main source for this was Rawls et al. (1981). 

Whether or not a LULC class is considered connected to the sewage system was determined 

based on the description of the LULC class in the Urban Atlas documentation (European 

Commission & Copernicus, 2020) and the definitions given in the InVEST User Guide (Natural 

Capital Project, 2022). All model inputs are listed in Table 4, Appendix I: Model inputs. 

3.3.4. Urban Cooling model 
In the Urban Cooling (UC) model, the heat mitigation index is calculated as follows. For each 

pixel in the LULC map, the effects of shade, evapotranspiration, and albedo are assessed. Next, 

potential effect of green areas on the pixel are considered. These effects are considered if there 

are green areas are larger than 2 ha within the user specified maximum cooling distance. 

Local data on the maximum temperatures in the urban area and the temperature in the 

surrounding rural area (the difference of which is the UHI) enable the calculation of air 

temperatures. The average temperature and the temperature anomaly, compared to the rural 

reference, is calculated for each administrative unit. 

The Urban Cooling model for the baseline assessment 
All raster files were provided to the model for the extent of the Stockholm subwatersheds. The 

ArcMap input files were clipped to the desired extent and reprojected to SWEREF99_TM. The 

district boundaries of the municipality were used as the area of interest, since results are provided 

for the polygons in the layer provided. 
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The evapotranspiration raster showed some gaps which affected the results in such a way that 

no results were calculated for those raster cells. Therefore, NoData values in the raster were filled 

in by means of nearest neighbour analysis (Appendix II: Filling the gaps in the evapotranspiration 

raster). 

Air blending distance and maximum cooling distance were both taken from the 

recommendations provided in NatCap’s User Guide (2022). A brief sensitivity analysis on the 

effect of an air blending distance of 500m versus 600m (the User Guide recommends a value of 

500 to 600m) was conducted, showing no difference in model outcome. Therefore, the 500m was 

adhered to in all model runs. 

For the reference air temperature and the UHI effect, the hottest day in Stockholm in the past 

years was identified. This was on 21 July 2022 at 14:00 hours. Temperature data was taken for 

this time from a weather station in the city centre (Observatoriekullen A) and from a weather 

station in the surrounding rural areas (Tullinge A), south of Stockholm. The value for the relative 

humidity was also taken from this time at the city centre weather station. 

The biophysical table was populated largely with data from Veerkamp et al. (2023), who report 

their process of assessing heat mitigation with the InVEST models for the city of The Hague using 

Urban Atlas LULC data. Albedo values and crop coefficients Veerkamp et al. had mainly taken from 

non-local sources. Shade and building intensity were calculated specifically for The Hague. Here, 

the assumption is made that The Hague and Stockholm are similar enough to allow for taking over 

these values in the present study. Moreover, a substantial proportion of buildings and trees are 

displayed individually in the LULC table of the current situation, instead of being grouped in the 

Urban Atlas classes. This facilitates a reliable analysis. A full list of data necessary for the UC model 

is available in Appendix I: Model inputs (Table 5). 

3.3.5. Urban Nature Access model 
In short, the InVEST Urban Nature Access (UNA) model compares the supply of nature to a 

given location to the demand for nature in that same location. Supply is defined as the area of 

nature in square meters within a specified distance from the location in question. Demand is 

calculated from multiplying the population in the location with the specified per capita nature 

demand (urban nature is thereby considered a rival good in InVEST). From this, the urban nature 

balance is calculated by subtracting the supply from the demand. 

The Urban Nature Access model for assessing the current situation 
Of the models used in this research, the UNA model was the one for which data was easiest to 

be found. Information of whether a lucode is considered nature (1) or not (0) was based upon the 

description of each LULC class in the Urban Atlas Mapping Guide (European Commission & 

Copernicus, 2020). 

The population raster was available for the entire country of Sweden and had to be reprojected 

to SWEREF99_TM and then clipped to the extent of the municipality of Stockholm. For the UNA 

model, it was important to provide the population data for the extent of the municipality instead 

of the subwatersheds, as results are aggregated per polygon of the area of interest file. Also here, 

the UNA model only generates output for cells in which population data is provided. 

For the decay function, the option “Gaussian” was selected based on two assumptions: 

1. Urban green gets less attractive to people the further away they live (excluding the 

options “dichotomy” and “exponential”) 

2. The accessibility of the urban green right in front of someone’s house is 1 (excluding 

the option “density”). 
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Regarding the uniform search radius, the value of 800 m is based on this being the distance 

commonly walked during a 10-minute walk, in line with urban planning concepts such as the “10-

minute city” (Emery & Thrift, 2021). Table 6 in Appendix I: Model inputs lists all the input data. 

3.3.6. Modelling the 2006 situation 
To assess the effects of the GSI on ecosystem service provisioning, a before and after 

comparison was done. For this, data from before 2011, when the reconstruction in the SRS started, 

had to be used. Throughout the models, the element that changes from the current situation to the 

“before” situation is the LULC map. This one is substituted with the LULC map from Urban Atlas 

for 2006 (European Union & European Environment Agency (EEA), 2015). No local data was 

added to the LULC map. The biophysical tables had to be adjusted according to the changes in the 

LULC map, resulting in removal of the categories buildings and green roofs. Moreover, in 2006 

some agricultural, semi-natural and natural areas were still grouped together, which was 

accounted for in the biophysical table. 

3.4. Neighbourhood Deprivation Index 
As employed by Oudin Åström et al. (2020), the neighbourhood deprivation index (NDI) is an 

indicator based on mean disposable income, population with higher education, unemployed 

population, and population with social assistance within a neighbourhood. This definition was 

taken over in the present study and the NDI was calculated for each of the districts in Stockholm. 

Data was available from Statistik Sthlm’s yearbook (2023). 

To calculate the NDI, for each of the four indicators the minimum and maximum values were 

identified. All values were normalized based on the minimum and maximum values for each 

indicator and then divided by four to obtain a value between zero and one, as shown in Equation 

1 (xi being the value for the indicator in question in the district). It must be noted that this NDI is 

a relative measure, as it indicates a district’s performance between the least deprived (NDI = 0) 

and the most deprived (NDI = 1) district for each indicator. 

𝑁𝐷𝐼𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 =  
Σ𝑖

𝑥𝑖 − 𝑚𝑎𝑥
𝑚𝑎𝑥 − 𝑚𝑖𝑛

4
 

Equation 1 

3.5. Data analysis 
To show hot and cold spots of ecosystem service provisioning in the current situation, a 

heatmap of the four ES was produced. Table 2 specifies which layer from each model was used for 

aggregation. For this, the values in each raster were reclassified on a scale from 0 to 10 from least 

ecosystem service provided to most ecosystem service provided and then overlayed using the 

“Weighted overlay” tool. Each raster was assigned equal weight (25%). Values are only displayed 

in the heatmap if all underlying layers have values in that location – for this, mostly the UNA layer 

was the limiting factor. 

Table 2 Result layers per model incorporated in the heatmap for the current situation in Stockholm. 

Model Results layer used 

Urban Flood Risk Mitigation (UFRM) model Runoff retention (fraction per pixel) 

 

Urban Stormwater Retention (USWR) model Adjusted retention ratio (fraction per pixel) 

Urban Cooling (UC) model Heat mitigation index (ratio per pixel) 

Urban Nature Access (UNA) model Urban nature balance total population (m2 nature 

over-/undersupply per pixel) 
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For assessing a potential correlation between the NDI and ES, zonal statistics were calculated 

for each of the services under the current situation per district in Stockholm, using ArcMap’s 

“Zonal statistics as table” tool. This was done since the NDI is calculated on district level. From 

this, the means of each service in each district were extracted. Spearman’s correlation coefficient 

rho, expressing the magnitude of correlation and the directionality (positive or negative), was 

then calculated using RStudio. RStudio also delivered the corresponding p-values, the likelihood 

of a difference being due to chance. A correlation was considered significant at a threshold of p = 

0.05. 

To assess a potential correlation between GSI implementation and delivery of ES, first the area 

in which the GSI was considered during construction was identified. Since no exact information 

was found on where the GSI had been implemented, areas where the official website of the SRS 

mentions sustainability considerations are counted as part of the GSI area (Stockholms Stad, n.d.). 

This GSI area was then subjected to a before-and-after comparison. The ES values per pixel for 

the current situation and for the 2006 Urban Atlas data were extracted and then compared in 

RStudio by calculating the t-test statistics. Differences were considered significant at a threshold 

of p = 0.05. 

Apart from the temporal comparison, also a spatial comparison was made. Within the SRS, 

three more areas have been fully redeveloped since 2011. However, sustainability was not a focal 

point there. To assess whether changes in ES might come about when areas are simply 

redeveloped according to current standards, the GSI area was compared to each of the three other 

redeveloped areas. Also here, ES values per pixel were extracted and the t-test statistics were 

calculated in RStudio. Finally, a comparison between the GSI area and another residential area in 

the SRS was conducted. The residential area has not been redeveloped, is of a similar size as the 

GSI area, and in close vicinity, meaning it is exposed to similar environments, which might 

influence the provision of ES. The different areas are marked in Figure 6. 

 

Figure 6 The different areas compared with each other for assessing the effect of the GSI (Green Space Index) within the 
Stockholm Royal Seaport Area, and the land use/land cover classes present in the area. 
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4. Results 

4.1. Distribution of services in Stockholm 
Stockholm city centre (defined as the districts of Norrmalm, Östermalm, Kungsholmen and 

Södermalm) is rather deprived of ES, as shown in the heatmap in Figure 7. Apart from the low 

availability in the centre, the ES appear to be evenly distributed in the remainder of the 

municipality. These general patterns also reappear in the maps of the services that are underlying 

the heatmap (Figure 8). Some cold spots outside of the city centre are noticeable in all the maps. 

This includes the Bromma/Stockholm airport in the northeast of the district Bromma. Industrial 

areas are typical cold spots: these are present in Rinkeby-Kista (including extensive parking lots), 

in the northwest of Spånga-Tensta, with a railway line leading towards the airport from there, the 

Västberga industrial area in Hägersten-Älsvjö, and the industrial area next to a highway in 

Enskede-Årsta-Vantör. The area of the Stockholm trade fair (“Stockholmsmässan”) in Hägersten-

Älsvjö is also visible as a cold spot. 

Obvious hotspots of ES provisioning are in Bromma where extensive green structures are 

located: two nature reserves and a golf course. Moreover, Bromma has a focus on nature 

recreation with an allotment colony and a camping site. Apart from those, there are residential 

areas with single family homes and gardens. In Farsta, there is a wooded area designated for 

physical exercise (“Fagersjö motionsspår”). Östermalm has two natural areas: one in the north, 

the other in the south. The south part of Skarpnäck is occupied by one large nature reserve, which 

reappears in the maps as hotspots of ES availability. On large parts of the municipality’s borders, 

Stockholm is surrounded by water and other natural areas such as forests, leading to high 

provision of ES at the borders. The UFRM model, the USWR model and the UNA model visually 

share these similarities most clearly, whereas in the UC model they are displayed more diffusely. 

However, the general trends are also visible there. 

 

Figure 7 Heatmap combining the four ecosystem services (stormwater runoff retention, annual water retention, heat 
mitigation, and nature access) for the city of Stockholm. The results for all ecosystem services were classified according to 
the same scale before being overalyed, resulting in this map indicating where ecosystem services are present to a low or 
high extent. 
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Figure 8 The four ecosystem services that make up the heatmap shown previously in Figure 6. Overall, trends visible in the 
individual maps are similar and come back in the combined heatmap. 

4.2. Correlation between services and socio-economic 
opportunity 

All services except for heat mitigation show a significant (p = 0.05) positive correlation 

between the service and the NDI values in each district (Figure 9, for correlation coefficients and 

exact p-values please refer to Table 7 in Appendix III: Results from the statistical analyses), 

indicating that districts with higher socio-economic opportunity are less well provided with 
stormwater retention, annual water retention, and nature access. At an aggregated score for the 

four different ES (“Mean service provisioning” in Figure 9), the correlation is not significant (p = 

0.07). Since three of the four services individually do show a correlation, this is probably due to 

the influence of the heat mitigation index. 
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Figure 9 Bivariate scatter plots for each of the services versus the socio-economic opportunity in each district, expressed as 
neighbourhood deprivation index (NDI). The higher the NDI, the less socio-economic opportunity is present in a district. 
Mean service provisioning is an aggregate score of all the four services between 1 and 10, with higher values indicating 
more ecosystem services provided. 

4.3. Effects of the Green Space Index 
All comparisons to assess the effect of the GSI – before and after redevelopment of the area 

with the GSI and between the different areas – resulted in significant differences (see Appendix 

III: Results from the statistical analyses, Table 8 for correlation coefficients and p-values). As 

shown in Figure 10, the GSI area is performing worse for both water retention-related services 

when comparing with the situation before redevelopment, the residential area, and the second 

redeveloped area. The GSI area is also offering less heat mitigation than the first and the third 

redeveloped area. Only in terms of access to nature is the GSI area consistently performing better 

than the areas it is being compared to. 
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Figure 10 Boxplots of the four ecosystem services for all the different areas that are being compared for assessing the effect 
of the Green Space Index (GSI). Without exception, all comparisons made between the GSI and other areas resulted in 
significant (p = 0.05) differences. GSI: area that has been redeveloped as a residential area with sustainability criteria, 
2006: GSI area before redevelopment, Residential: residential area in the same neighbourhood that has not been 
redeveloped, Redev. 1-3: three different areas in the same neighbourhood that have been redeveloped but without the GSI. 
The absence of a boxplot for nature over-/undersupply in Redev. 2 is due to a lack of data for that area. 
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5. Discussion 

5.1. Assessment and implications of results 
The analysis has revealed that ES in Stockholm are provided along a gradient from the city 

centre towards the outskirts of the city, with the centre having the lowest ES provided to them 

and the outskirts higher values. Given that ES by definition are provided by natural elements 

(Costanza et al., 2017), it is not surprising that districts with relatively large amounts of nature 

also have more ES present in them. The Stockholm city centre is densely developed and has 

therefore little space for natural elements (Stockholms Stad, 2018), thus little ES are available 

here. 

The gradient from inner to outer city is mirrored in the gradient from high economic 

opportunity in the city centre to low economic opportunity in the outskirts. The results indicate 

that high economic opportunity in a district is correlated with low provisioning of stormwater 

retention, annual water retention, and nature access, since a higher NDI means that less socio-

economic opportunity is present in a district. This is in line with studies in other European cities, 

such as in Bristol (Jones et al., 2009), Barcelona (Baró et al., 2015, 2016), Paris (Cohen et al., 2012), 

or Strasbourg (Selmi et al., 2021). All these studies found either a neutral or negative correlation 

between indicators of socio-economic wellbeing and the ES studied, underscoring the findings 

from this master’s thesis.  

Conversely, three studies with more ambiguous results were found. These studies entail Lakes 

et al. (2014) who investigated the distribution of green space and noise pollution in Berlin, and 

found a positive relationship between green space availability and economic opportunity. 

Regarding noise pollution, however, they also found a negative relationship. Two studies on Porto 

(Graça et al., 2017, 2018) also did not offer clear-cut results. While green spaces seem to be more 

abundant in socio-economically disadvantaged neighbourhoods, the quality of the ES these spaces 

offer is lower. Considering the results presented here, these findings imply caution – green spaces 

must not be equated directly with ES, and therefore the assessment of a green space as “eco-

efficient” should be done carefully and critically, and ideally based on independent, quantitative 

assessments. 

To further tie into the focus on the quality of green space, the generally higher provisioning of 

green spaces, and in many cases ES, in socio-economically more deprived neighbourhoods is no 

reason for immediate celebratory acts. As Jones et al. (2009) report from Bristol, even though less 

affluent citizens might have more green spaces close by, they make use of these spaces much less 

than their richer counterparts. This is explained by factors such as an overall poorer quality of the 

green spaces present, a reduced feeling of safety in these green areas, and limited walkability. 

Jennings et al. (2016) unearthed similar patterns in the United States and summarized these 

factors influencing green space usage under the term “social accessibility”. This is rather more 

specific to cultural and recreational ES but shows that green spaces need to be explicitly designed 

for the function they are supposed to fulfil, with the services at the core: the mere presence of a 

green area will not suffice. 

Moreover, a generally higher availability of ES in socio-economically disadvantaged districts 

does not automatically translate to all demands for ES being met. While more affluent citizens may 

substitute absent natural elements and their perks with technological solutions, for example air 
conditioning to combat the UHI effect, less affluent citizens may not have this opportunity 

(Wilkerson et al., 2018). In Stockholm, large quantities of the new developments from the coming 

decades are not planned in the affluent city centre, but in the outer districts (Stockholms Stad, 

2018). The city planning must pay close attention to not compromise ES. Spatial planning must be 
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done in such a way that ES are provided in communal spaces, so that also households in which ES 

cannot be substituted technologically or otherwise, are not disadvantaged. 

In this context, it is also worthwhile to spend some time on the potential problem of green 

gentrification. Green gentrification is taking place when the introduction of green elements in a 

neighbourhood leads to increased living prices, driving socio-economically disadvantaged 

citizens out of said neighbourhood (Anguelovski et al., 2018). In their study of Barcelona, 

Anguelovski and colleagues identified former industrial areas that are being redeveloped to 

residential areas as being at a particular threat of gentrification. This redevelopment from 

industrial to residential area is happening in the SRS as well. With 140,000 new homes to be built 

throughout the whole city in the coming decades, it is likely that more formerly industrial areas 

are to be converted. Considering the findings of Anguelovski et al., the city of Stockholm should 

pay close attention to limiting gentrification when pushing for an increase in eco-efficient area.  

The idea behind implementing a policy such as the GSI is that natural elements enhance 

multiple aspects of human wellbeing (Slätmo et al., 2019). However, there are very few studies on 

the actual impact of green area factors, such as the GSI, on ES. This lack of monitoring and 

evaluation of green area factors or similar policies in peer-reviewed literature was already noted 

by Juhola (2018) and Mendonça et al. (2021). But even in 2023, the situation has not changed 

much, as has become evident from a literature review. The present study in Stockholm therefore 

lays important groundwork for assessing the effectiveness of green area factors by quantifying 

the effect of a green space policy on the provisioning of ES with an external tool, after the green 

area factor has been implemented. 

There are reasons for ES not yet being widely adopted in urban planning. A study by 

Kaczorowska et al. (2016) looked into (perceived) barriers to taking up ES in Stockholm’s land 

use planning. The barriers include that a large quantity of development projects take place on 

private land, an existing gap between theory and practice, limited data accessibility for decision 

making, and the perception that workloads might increase considerably with taking up ES 

consideration. To all these barriers, the GSI may be seen as a solution. In the municipality of 

Stockholm, the GSI is obligatory for private developers, and the GSI can be interpreted as a 

translation of theoretical knowledge into practice. The way the Stockholm GSI is structured, it 

provides a comprehensive assessment of the eco-efficiency of a space, with relatively little data 

and work input necessary, as described by Stange et al. (2022). Moreover, when Stange and 

colleagues compared the Stockholm GSI to similar policy tools in Berlin and Oslo, it was found that 

it was hardest for an area to score high on the GSI. This finding implies that while the GSI is a tool 

with a relatively low application threshold, it is still strict and high scores are not easily achieved. 

However, while the GSI is a good starting point, it is by no means a perfect solution. As became 

apparent from the Results, the area redeveloped with the GSI is performing worse for three out of 

the four ES, compared to both the residential and other redeveloped areas. The fact that the area 

developed with the GSI is performing worse in terms of water management is especially 

interesting, given that stormwater management is a vital driving force behind the development of 

green area factors in general (Stange et al., 2022). 

Since precipitation values and soil groups do not differ much between the compared locations, 

the key to the differences between areas stems from the LULC categories assigned (see also Figure 

6). Where the GSI has been applied, large areas are classified as road and medium density 

residential areas. The residential area has more mixed land uses, medium and low-density 

residential areas, forest, and green urban areas. The three redeveloped areas are classified on a 

spectrum from mostly green areas in redeveloped area 2 to a purely harbour area in redeveloped 

area 3. We then also see that the residential area and the redeveloped area 2, in which there is so 

much green space, are the ones performing better than the GSI area in terms of water retention. 
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These results show that the GSI, as it is expressed as one single number, must be applied with 

caution. It should be tailored to local needs, for example by first analysing which ES are in highest 

demand in an area and then choosing interventions to tackle that demand. Kaczorowska and Pont 

(2019; as described in Kaczorowska, 2020) already describe a comprehensive process of using 

several tools existing in Stockholm’s city planning in concert to identify local needs. With this 

approach, the GSI interventions could be targeted to tackle the most pressing challenges in a 

neighbourhood. This is especially relevant as there will always be synergies as well as trade-offs 

between ES, and a single green area will not be able to address all local needs (Depietri, 2022). 

As it is, the GSI is currently not directly valuing ES, but only does so “implicitly through 

qualitative weighting of blue-green surfaces and structures” (Stange et al., 2022). Transparency 

on trade-offs and synergies is lacking. Apart from incorporating additional tools in the GSI process 

based upon Kaczorowska and Pont (2019; as described in Kaczorowska, 2020), another approach 

could be to make the scoring of the GSI more transparent. This could be done following the 

example of the Green and Open Space Factor Vienna (GFF-V) (Ring et al., 2021), which in the 

opinion of the author has two main advantages over the GSI. 

Firstly, the GFF-V is disaggregated into three different assessment categories (climatic factors, 

biodiversity, and wellbeing). These are not necessarily the categories that are most relevant to 

Stockholm, but disaggregating into several categories can give practitioners more insight into 

what they are influencing when faced with several GSI options. Secondly, the GFF-V is considering 

building façades and rooftops separately from the total area. Especially green façades may 

contribute substantially to ES such as biodiversity, noise reduction, or cooling. This could be a 

useful addition to the GSI and should be considered in future reviews of the tool. 

5.2. Limitations and recommendations for future 
research 

The Urban InVEST models have the potential to quantify more information on the different 

services than included in the present study. Especially the two water-related models could have 

yielded more insights on flood damage costs (UFRM model), water quality and potential 

replacement costs for water retention technology (USWR model). Due to unavailability of flood 

damage cost data and time constraints, these options were not exhausted. If this type of data can 

be obtained in the future, running the models with all capabilities will give more insight into the 

services provided by natural elements in Stockholm. As it is, the two water-based models yield 

rather similar results. 

Data availability was also an issue in the core models. While it was possible to find suitable data 

from the United States, international sources or from studies done in similar contexts to the city 

of Stockholm (as in the case of data for the UC model), local data was often not readily available. 

In some cases, data might have been available, but a language barrier or a paywall prevented the 

researcher from accessing it. In future studies, having a researcher on the case who speaks the 

local language and who has closer connections with the local authorities who handle the kind of 

environmental data necessary as model input would be beneficial. 

Especially in the case of the LULC maps, data availability might have affected the outcome of 

the models. For assessing the current situation, different sets of local data were combined to paint 

a rather comprehensive picture of the present moment, with any gaps being filled by the Urban 

Atlas data. Completely relying on the Urban Atlas data was not possible since mistakes in the LULC 

classification were present. For example, the area redeveloped with the GSI in the 2018 Urban 

Atlas was still classified as the broad category “Industrial, military and private units”. Elements 

that were introduced due to the GSI, such as green roofs, were not represented at all in the Urban 

Atlas data, making it unsuitable for assessing effects of tools such as the GSI. 
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However, for assessing the situation prior to implementing the GSI (before 2011), data was 

scarce. Therefore, it was chosen to make use of the Urban Atlas 2006 dataset for running the 

models for the before scenario. The level of detail of the 2006 Urban Atlas map and the LULC map 

for the current situation are vastly different, and results obtained from this comparison should be 

considered under this lens. Any differences might give an indication of changes but might also for 

a considerable part be due to differences in input data. Future research should ascertain to make 

use of as much specific, fine grain data as possible to build any LULC map. Data from sources such 

as Urban Atlas should only be used as a last resort, if at all. 

Correlation between ES and economic opportunity in this study was analysed on a district 

level, with each district having between 37,000 and 124,000 inhabitants. Other research 

considering neighbourhood deprivation in Sweden makes use of the unit of “small area market 

statistics” (SAMS), in which around 1,000 inhabitants are grouped together by Statistics Sweden 

(Li et al., 2014; Sariaslan et al., 2013; White et al., 2016). This was not done in the present research, 

as information on the SAMS was not readily available. However, since it has been applied 

successfully in other peer-reviewed research and offers a more fine-scale division of the city of 

Stockholm, it is recommended to make use of the SAMS in future research on neighbourhood 

deprivation. 

Assessing the effect of implementing the GSI is currently only possible on a case study basis, 

and therefore only limited general conclusions about the GSI can be drawn. This is due to the SRS 

being the only location in which developments adhering to the GSI have been built (P. Qvist, 

personal communication, 30 May 2023). Since the same GSI score can be achieved with several 

different measures, it is not possible to make statements such as the GSI being beneficial or 

detrimental to a particular service. The sample size is also too small to assess any “dosage-effect” 

relationships, whether a higher GSI score always coincides with a higher provisioning of ES. 

Before more resources and time are spent on developments that adhere to strict GSI scores, 

and effects of this are experienced only in the aftermath, it is recommended that scenario analyses 

are made which quantify the effect of these interventions with external models. This way, the 

usefulness of the GSI as a tool can be assessed, and conclusions can be drawn on whether the GSI 

by itself is sufficient to promote ES. Such a scenario analysis could be modelled after the study of 

Kain et al. (2016), where scenarios mostly consist of land use changes according to rules based on 

development plans, policies, and expert input. 

Currently, achieving a GSI score of 0.6 is obligatory for any new private developments in 

Stockholm. However, developments on public land, which makes up 70% of the municipality’s 

area, do not need to adhere to GSI targets. Conducting a scenario analysis in which public land is 

redeveloped with a certain GSI, in addition to being able to assess the effects of the GSI, has the 

benefit of providing a basis on which the Stockholm authorities could decide on whether GSI 

targets should also be made compulsory for public land developments. After all, if positive effects 

on the provisioning of ES become apparent from such an analysis, it would seem a logical first step 

to make it compulsory for public land. 

Finally, the assessment in the present study was focussed on the ES of stormwater retention, 

annual water retention, heat mitigation and nature access. While these are relevant in the urban 

context in general as well as in Stockholm specifically, the GSI itself was designed to deal with 

social and recreational ES, stormwater management, noise pollution, microclimate regulation, and 

pollination. Therefore, in future assessments it would be fair to assess the GSI by its own standards 

and research the effect it is having on this particular set of ES. 
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6. Conclusions 
The aim of this thesis was threefold. Firstly, to provide an overview of the current distribution 

of ecosystem services (ES) in the city of Stockholm; secondly, to test for a potential correlation 

between ES availability and socio-economic opportunity; and thirdly, to test for differences in ES 

availability between an area where the Green Space Index (GSI) had been implemented, and areas 

without the GSI. Specifically, the ES of flood risk mitigation, annual water retention, heat 

mitigation, and nature access were assessed. 

The analysis revealed that ES in Stockholm are present along a gradient, from low availability 

in the city centre to higher availability towards the outskirts. Districts with more natural areas 

offer a higher availability of ES, while in areas with more industrial activity the quantity of services 

provided is lower. Moreover, it was found that economic opportunity in a district is correlated 

with stormwater retention, annual water retention, and nature access. The higher the economic 

opportunity in a district, the less of these three services is available. 

The area in which the GSI had been implemented is significantly different from all the areas it 

was compared to, be it the before-after-comparison, the comparisons with the three other areas 

that were redeveloped without considering the GSI, or the other residential area in the vicinity. 

Due to different types of land uses, however, water retention (both, stormwater and annual) is 

lower in the GSI area compared with the situation prior to redevelopment, the residential area, 

and one of the three other redeveloped areas. For heat mitigation, the GSI area performs worse 

than two of the redeveloped areas. Only in the case of nature access does the GSI area consistently 

perform better than the other areas. 

These findings lead to several relevant conclusions. While in the current situation socio-

economically disadvantaged districts seem to profit from a higher availability of natural elements 

and their benefits, it should be ascertained that the quality of natural elements in these districts 

is sufficient to provide ES, and that demands for ES are being met. This monitoring is especially 

vital in the coming decades, when 140,000 new homes are to be built, mainly in the outer districts. 

In its current form the GSI is rather untransparent, as it is an aggregated score of multiple 

services. Therefore, is recommended to embed the GSI in a workflow in which first the needs of 

an area in terms of ES are determined, before deciding on the most suitable GSI measures to meet 

these needs. Alternatively, the GSI could be disaggregated into several assessment categories, to 

give developers more insights into which ES are affected by which GSI measure. 

Future research should focus on assessing the effects of the GSI. This could be done either in 

the form of scenario analysis to assess potential effects, or by repeating the comparison of 

different areas, with and without GSI, once more developments with the GSI have been built. This 

way, its effectiveness in not only increasing eco-efficient surface in Stockholm, but in satisfying 

demand for ES can be assessed. Satisfying demand for ES should then also be considered the main 

objective of applying the GSI. Depending on the outcome of this assessment, recommendations 

can be given as to whether the GSI should be made compulsory for developments in public space. 

The present thesis has identified potentially vulnerable locations for ES availability. Moreover, 

Stockholm’s GSI has been assessed in a first case study, pointing to some weaknesses in the design 

of the tool. It is hoped that this research can contribute to a more complete picture of ES 

provisioning in Stockholm and that it can support the city administration in effectively promoting 

urban design solutions for meeting demand for ES.  
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Appendices 

Appendix I: Model inputs 
Table 3 InVEST Urban Flood Risk Mitigation model inputs and data sources for modelling the current situation. 

Input Format Input value (if 

applicable) 

Source 

Area of interest Vector file  Sveriges meteorologiska 

och hydrologiska institut 

(SMHI) (2022) 

Rainfall depth Number 105.7 mm Thurin (2018) 

Land use/land cover 

(LULC) map 

Raster file, resolution 10 x 

10 m 

 European Union & 

European Environment 

Agency (EEA) (2021a, 

2021b,) and Stockholm’s 

mapping service (Kart- 

och geodataservice, 

2023) 

Biophysical table csv file 

Columns: 

- lucode (integer) 

- cn_x curve number (cn) 
per soil group (x) for 
each LULC class 

 Curve numbers based on 

Natural Capital Project 

(2022), Natural 

Resources Conservation 

Service (NRCS) (1986) 

and Zeng et al. (2017) 

Soil hydrologic group Raster file, resolution 

1/480 decimal degrees 

 Ross et al. (2018) 
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Table 4 InVEST Urban Stormwater Retention model inputs and data sources for modelling the current situation. 

Input Format Input value (if 

applicable) 

Source 

Land use/land cover 

(LULC) map 

Raster file, resolution 10 x 

10 m 

 European Union & 

European Environment 

Agency (EEA) (2021a, 

2021b,) and Stockholm’s 

mapping service (Kart- 

och geodataservice, 

2023) 

Soil hydrologic group Raster file, resolution 

1/480 decimal degrees 

 Ross et al. (2018) 

Precipitation Raster file, resolution 30 

seconds 

 Fick and Hijmans (2017) 

Biophysical table csv file 

Columns: 

- lucode (integer) 

- is_connected (boolean) 

- rc_x - runoff coefficients 
(rc) per LULC class and 
soil group (x) 

 is_connected based on 

European Commission & 

Copernicus (2020) and 

Natural Capital Project 

(2022)  

Runoff coefficients from 

Baryła et al. (2017), 

Hamel et al. (2021), 

Natural Capital Project 

(2022), and Rawls et al. 

(1981)  

Adjust retention ratios Option: yes/no yes  

Retention radius Number 10  

Road centerlines Vector file  © Lantmäteriet (2021) 

Area of interest Vector file  Sveriges meteorologiska 

och hydrologiska institut 

(SMHI) (2022) 
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Table 5 InVEST Urban Cooling model data input and sources for modelling the current situation. 

Input Format Input value 

(if 

applicable) 

Source 

LULC Raster file, resolution 

10 x 10 m 

 European Union & European 

Environment Agency (EEA) 

(2021a, 2021b) and Stockholm’s 

mapping service (Kart- och 

geodataservice, 2023) 

Evapotranspiration Raster file, resolution 

30 arc-seconds 

 Trabucco & Zomer (2022) 

Area of interest Vector file  Kart- och geodataservice (2023) 

Biophysical table csv file 

Columns: 

- lucode (integer) 

- kc (number) 

- green_area (boolean) 

- shade (ratio) 

- albedo (ratio) 

- building intensity 

 Bosch et al. (2021), European 

Commission & Copernicus 

(2020), Hamel et al. (2021), 

Roehr & Kong (2010), Susca et al. 

(2011), Stewart & Oke (2012), 

and Veerkamp et al. (2023) 

Reference air 

temperature 

Number 34°C Sveriges meteorologiska och 

hydrologiska institut (SMHI)  

(n.d.-c) 

UHI effect Number 3.9°C Sveriges meteorologiska och 

hydrologiska institut (SMHI) 

(n.d.-a) 

Air blending distance Number 500 m Natural Capital Project (2022) 

Maximum cooling 

distance 

Number 450 m Natural Capital Project (2022) 

Cooling capacity 

calculation method 

Option: 

factors/intensity 

Factors  

Run energy savings 

valuation 

Option: yes/no No  

Run work 

productivity 

valuation 

Option: yes/no Yes  

Average relative 

humidity 

Number 21 Sveriges meteorologiska och 

hydrologiska institut (SMHI) 

(n.d.-b) 
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Table 6 InVEST Urban Nature Access model inputs and data sources for modelling the current situation. 

Input Format Input value (if 

applicable) 

Source 

Land use/land cover 

(LULC) map 

Raster file, resolution 10 x 

10 m 

 European Union & 

European Environment 

Agency (EEA) (2021a, 

2021b,) and 

Stockholm’s Kart- och 

geodataservice (2023) 

LULC attribute table csv file 

Columns: 

- lucode (integer) 

- urban_nature (boolean) 

 urban_nature based 

upon descriptions in 

European Commission 

and Copernicus (2020) 

Population Raster file, resolution 100 

x 100 m 

 Bondarenko et al. 

(2020) 

Administrative 

boundaries 

Vector file  Stockholm’s Kart- och 

geodataservice (2023)  

Sociodemographic 

information per 

administrative unit 

Vector file  Statistik Sthlm (2023) 

Urban nature demand 

per capita 

Number 50 m2 Russo & Cirella (2018) 

Aggregate by population 

groups 

Option: yes/no No  

Search radius mode Selection Uniform radius  

Decay function Selection Gaussian Assumptions 

Uniform search radius Number 800 m Emery & Thrift (2021) 
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Appendix II: Filling the gaps in the evapotranspiration 
raster 

NoData are gaps within the raster (evapotranspiration raster), to be reclassified according to 

the median of the nearest neighbours by using the ArcMap’s Raster Calculator (JayantaPoddar, 

2021): 

Con(IsNull("raster"), FocalStatistics("raster", NbrRectangle(5,5, "CELL"), "MEDIAN"), "raster")  
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Appendix III: Results from the statistical analyses 
Table 7 Spearman correlation coefficient rho and p-value for the correlation analysis of each ecosystem service and the 
neighbourhood deprivation index (NDI), indicating a significant correlation between three of the services (stormwater 
retention, annual water retention, and nautre access) and the NDI. 

Service Stormwater 

retention 

Annual water 

retention 

Heat 

mitigation 

Nature 

access 

All services 

combined 

Correlation 

test 

Mean runoff 

retention ratio 

per district – 

NDI 

Mean adjusted 

retention ratio per 

district – NDI 

Mean heat 

mitigation 

index per 

district – NDI 

Mean urban 

nature 

balance per 

district – NDI 

Mean 

aggregated 

services per 

district - NDI 

rho 0.632 0.736 0.253 0.593 0.516 

p-value 0.0237 0.00579 0.404 0.036 0.074 

 

Table 8 t- and p-values for the comparison between the residential area redeveloped with the Green Space Index (GSI), the 
situation before redevelopment (“2006”), a residential area that has not been redeveloped and is in the same 
neighbourhood (“Residential”), and three areas in the same neighbourhood that have been redeveloped, but without the 
GSI (“Redeveloped 1-3”). The absence of a values for nature over-/undersupply in Redev. 2 is due to a lack of data for that 
area. 

Service Stormwater 
retention 

Annual water 
retention 

Heat 
mitigation 

Nature access 

Model Urban flood 
risk 
mitigation 

Urban 
stormwater 
retention 

Urban cooling Urban nature 
access 

2006 – GSI t-value -10.698 -17.041 212.4 142.88 

p-value < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Residential – 
GSI 

t-value -19.363 -12.804 40.993 85.95 

p-value 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Redeveloped 
1 without GSI 
- GSI 

t-value 6.402 24.398 -51.269 21.311 

p-value 2.707e-10 < 2.2e-16 < 2.2e-16 < 2.2e-16 

Redeveloped 
2 without GSI 
- GSI 

t-value -11.917 -7.8688 36.884  

p-value < 2.2e-16 3.737e-13 < 2.2e-16  

Redeveloped 
3 without GSI 
- GSI 

t-value 34.98 40.496 -13.91 158.51 

p-value < 2.2e-16 < 2.2e-16 < 2.2e-16 < 2.2e-16 

 


