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Abstract
The increased urbanization and human population growth of recent decades have
resulted in the loss of urban green spaces. One policy used to prevent the loss of urban
green space is ecological compensation. Ecological compensation is the final step in
the mitigation hierarchy; compensation measures should thus be a last resort, after all
opportunities to implement the earlier steps of the hierarchy have been exhausted. The
compensation should balance the ecological damage, aiming for a “no net loss” of
biodiversity and ecosystem services. In this study, we develop a simple model that can
be used as tool to study the welfare effects of applying ecological compensation when
green space is at risk of being exploited, both at an aggregate level for society and for
different groups of individuals. Our focus is on urban green space and the value of the
ecosystem service – recreation – that urban green space provides. In a case study we
show how the model can be used in the planning process to evaluate the welfare effects
of compensation measures at various sites within the city. The results from the case
study indicate that factors such as population density and proximity to green space have
a large impact on aggregate welfare from green space and on net welfare when different
compensation sites are compared against each other.
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1. Introduction
The increased urbanization and human population growth of recent decades have resulted in
loss of urban green spaces (Wu et al. 2019 and McKinnely 2002). Today, more than half of the
global population lives in urban areas, a proportion that is expected to increase to about two
thirds by 2050 (United Nations). Urban green space supports biodiversity and provides critical
ecosystem services (Tzoulas et al., 2007 and Colding, 2011) such as recreation, relaxation,
aesthetic values, and regulation of the microclimate. Additional factors have also contributed
to the loss of urban green space, e.g., conflicting government policies, real estate development
(Wu et al 2019) and lack of financial support (Colding et al. 2020).
The concept of ecological compensation can be used in the planning and development process
for urban areas to prevent the loss of urban green space and environmental degradation.
Ecological compensation is the fourth and final step of the so-called mitigation hierarchy (ten
Kate et al., 2004; BBOP, 2012). According to this hierarchy, the developer should primarily
strive to prevent and minimize losses of biodiversity and ecosystem services by first planning
to (1) avoid, (2) minimize and (3) restore biodiversity or remedy the negative environmental
impact on site before (4) compensation can become relevant. Compensation measures should
thus be applied as a last resort, after all opportunities to implement the earlier steps of the
hierarchy have been exhausted. When compensation is implemented, the measures should
balance the ecological damage, aiming for a “no net loss” with full compensation for all
ecological damage (e.g. Gibbons and Lindenmayer, 2007; Bull et al., 2016). Ecological
compensation has increasingly been adapted, and today it is applied in many countries around
the world (Moilanen and Kotiahe, 2018, Bull et al., 2015, Bull and Strange, 2018).
Another key term in ecological compensation is additionality. Additionality entails that the
gains at the offset area, the area where the compensation is done, must represent an additional
and quantifiable improvement over the offset area’s current and future baseline condition.
Without generating these additional gains, losses to ecosystem services and biodiversity will
not be offset, resulting in a net loss of social welfare.
Although no net loss is a strict requirement for ecological compensation, it is possible to
compensate for environmental degradation at different spatial scales, both in close proximity to
the impact area or more distant from the impact area, at other sites within the city, region or
nation (Moilanen and Kotiahe 2018, Bull et al. 2015). This flexibility implies that the
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compensation may be achieved at a lower cost, and that the target no net loss can be reached in
a cost-effective way. Sometimes it may for example be difficult to find offset areas in close
proximity to the impact area. It may also be more difficult to reach the offset area, e.g. due to
barrier effects from infrastructure investments in highways/railroads for which larger
compensation is needed to achieve no net loss. For example, to obtain the same amount of
recreational values and well-being for residents living in close vicinity to an impacted area, the
additional green space at the offset area may have to be larger than the green space that has
been lost.
Spatial re-location of green space will also result in distributional effects, however. Some
individuals will lose out from the re-location, whilst others will benefit from it.
As urban green spaces do not tend to be evenly distributed among household- and socioeconomic groups (de la Barrera et al. 2016; Wolch et al. 2014), ecological compensation can
contribute to a more even distribution of green space among socio-economic groups, but also
to a more uneven distribution. Whether ecological compensation will contribute to a more
even/uneven distribution of green space among socio-economic groups depends on the socioeconomic characteristics of the population surrounding the impact and offset area. To evaluate
compensation at various offset areas and the distributional effects, a transparent tool that can
be used to carry out the analysis is of great value (BBOP, 2009). In this study, we present a
simple tool that can be used to carry out such an analysis. In the analysis, we develop a model
that accounts for the recreational value provided by urban green spaces. Our model includes
three factors that affect this value: the quality of the green space; the distance to the green space,
and characteristics of the affected individuals.
As access to green space close to homes is especially important for groups of individuals such
as children, older persons, and individuals with disabilities for whom moving over longer
distances is more difficult, we allow for a varying recreational value between individuals. These
three groups are also mentioned in the UN's Global Sustainability Goals, Agenda 2030. For
example, Goal 11.7 is to provide universal access to safe, inclusive, and accessible green and
public spaces by 2030, particularly for women, children, older individuals and persons with
disabilities. We illustrate our proposed method using the real-world example of a case in which
green space was lost in Lund, Sweden. In our application we use benefit transfer and
recreational values from other studies.
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As different societal groups have different needs and reap different benefits from urban green
spaces close to their homes, it is important to highlight the distributional effects of ecological
compensation. The same argument is also valid for the general allocation of urban green spaces
in urban planning. De la Barrera et al. (2016) apply a set of indicators (such as the total area of
green space in relation to the population and the spatial distribution and accessibility of green
space) that can be used to study distributional inequalities related to urban green space, but they
do not include indicators for different categories of individuals. Based on British studies, Peroni
et al. (2014) carry out a meta-analysis and estimate marginal value functions for recreational
sites that are used to simulate the effects of urban growth due to changes in key urban
parameters such as the area covered by settlements, the number of people living in such areas,
and the amount of urban green space. The analysis is carried out at an aggregate level and does
not study the effects on different categories of individuals.
Previous studies have also estimated the monetary value of urban green space. The approaches
that have been used are mainly hedonic price studies (e.g., Panduro and Veie, 2013; Jim and
Chen, 2010; Morancho, 2003) and stated preference studies based on the contingent valuation
method or choice experiments (Bockarjova et al. 2020; Jim and Chen 2006; Bertram et al. 2017;
Latinopoulos et al. 2016; Lo and Jim 2010). This information represents the individuals’
preferences and willingness to pay for urban green space. However, the vast majority of these
studies provide no information about how different individuals value urban green space.
Exceptions are Jim and Chen (2006) and Lo and Jim (2010). These studies value urban green
space in very large Asian cities, the characteristics of which are very different than those of
Swedish and many other European cities. The valuation of urban green space from these studies
is thus not ideal for benefit transfer (Brouwer 2000; Plummer 2009) to our model.
To measure the value of urban green space, we instead use the direct use value (Plottu and
Plottu, 2007), based on information about different individuals’ use of urban green space
(parks) and information about the accessibility of urban green space. Although the tool that we
develop in this study is applied to a case study in Sweden, the general modelling framework
can be applied in other countries. Compared to previous models that have been used to evaluate
loss of urban green space and compensation measures, this model contributes by adding welfare
estimates for the valuation of urban green space by different groups of individuals. It can thus
be seen as an extension of the approach used in de la Barrera et al. (2016), to which information
is added about the well-being that urban green space provides different types of individuals.
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The approach implies that we can compare the welfare benefits of compensation at various
offset sites with the welfare losses at the impact site and study the distributional effects among
different categories of individuals. The benefits of the model include that it is transparent and
easy to use, and that it gives an approximate value of the welfare effects of compensation at
various offset sites. Such information is of great value for city planners and the interested
public.
This article is structured as follows: The modelling framework is outlined in the next section,
and a case study follows in Section 3. The paper ends with a discussion in Section 4.

2. Proposed method for evaluating green space
In this section, we propose a method for evaluating changes in urban green space that allows us
to compare losses of ecosystem services (recreation) in the impact area with benefits of
ecosystem services (recreation) in the offset area. We start by describing our model intuitively,
moving on to a more formal description in the latter part of this section. Figure 1 describes two
types of ecological compensation that can be used when an impact area loses green space.

Figure 1. Utilization of a recreation area with compensation in different areas
The figure to the left shows the current situation, where there is an industrial area within the
urban area and urban green space of type 1 surrounding the urban area. Each square of green
space of type 1 gives a value of one to the inhabitants in the urban area (for the moment, the
distribution of inhabitants is not important). The total value of green space in the situation at
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hand here is nine. When part of the green space transforms to an urban area, the total value of
green space is reduced to eight. To compensate for the loss of urban green space, there are at
least two different alternatives:
•

One alternative is to move the compensation to another part of the urban area and
transform the industrial space to green space of type 1. The total utility of urban green
space after compensation is nine in this case as well.

•

Another alternative is to compensate as close as possible to the impact area and to
increase the quality/value of the urban green space from type 1 to type 2 (the dark green
area in the top figure to the right in Figure 1). Assuming that the utility or well-being of
a green space of type 2 is twice as high as the utility of green space of type 1, this type
of compensation will also result in a total utility of nine after the transformation of the
green space.

From a no net loss perspective, these kinds of compensations are possible if the distance to
urban green space is irrelevant for the inhabitants’ utility and well-being, and if all individuals
get the same utility of urban green space. For parks in urban areas, studies show that the distance
to urban green space strongly influences use of the park (see e.g. Ekkel and de Vries 2017,
Panduro and Veie 2013, Miller 2001).
In order to take distance and characteristics of the inhabitants in consideration, we add
information about the distribution of the individuals within the urban area.

Figure 2. Example in which compensation is carried out in an urban area (the industrial area in
Figure 1 turned into urban green space of type 1), with a heterogeneous population represented
by the yellow-coloured squares.
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The different shades of yellow in the squares in Figure 2 represent differences in demographics,
e.g., differences in the number of adults and children and the individuals’ education level, age,
or income, but they can also represent the density of the population within the square. Light
yellow could represent e.g. a residential area with few inhabitants, dark yellow may denote an
area with many inhabitants, and the intermediate yellow colour could show an area with an
average number of inhabitants. With information about the geographical location of the squares
the distance to green space can also be calculated. With these extensions, the aggregate utility
of urban green space will differ depending on which yellow square we are studying. Compared
to Figure 1, the total utility of urban green space in Figure 2 may be greater or lesser than nine.
The provision of ecosystem services (e.g. recreation), the subsequent benefits and the wellbeing of humans is supported by ecosystem processes that are themselves driven by biological
diversity (Balvanera et al., 2006). The no net loss principle should thus also be applied to
biodiversity. Griffiths et al., (2018) and Moilanen and Kotiahe (2018) suggest however that the
analysis for compensation of ecosystem services and biodiversity can be performed separately.
More formally, we can describe the total utility of urban green space as a function of the quality
of the green space (q), the distance to the green space (d), and the characteristics of individuals
(k). The total utility U derived from green space for all affected individuals i, (i = 1,…,N), can
then be expressed as:
𝑈(𝑖, 𝑘 , 𝑑, 𝑞) = ∑𝑁
𝑖=1 𝑢𝑖 (𝑘, 𝑑, 𝑞).

(1)

Applying the no net loss criteria to the aggregate utility from urban green space means that the
gain in utility from improved urban green space in the offset area should be at least as large as
the loss of utility in the impact area. Denoting the gain in utility from urban green space in the
offset area at uO and the loss in utility in the impact area as -uI, the no net loss criteria in utility
terms can be expressed as

𝑂
𝑁
𝐼
∑𝑀
𝑖=1 𝑢𝑖 (𝑞, 𝑑, 𝑘) − ∑𝑖=1 𝑢𝑖 (𝑞, 𝑑, 𝑘) ≥ 0,

(2)

where M and N denote the number of individuals that are affected by the green space in the
impact- and offset area, respectively. These numbers (individuals) can be the same or differ
between the offset- and impact area, depending on where the offset area is located.
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2.1 Measuring utilities
The utility from urban green space derives from the eco-system services that the space provides.
Recreation possibilities could have direct user values as well as option values. Direct user
values are the utility or well-being that one derives from visiting the green space (if one lives
close to the green space, this may also be the utility derived from the view of the green space).
Option values are values related to the possibility to use the green space in the future, e.g., if an
individual that is currently not using a green space plans to use it upon retirement from the
labour market.
A monetary valuation of urban green space, e.g. willingness to pay (WTP) for urban green
space, could be used to calculate the utility expression in (1) by summing the N individuals’
WTP to preserve the urban green space in the impact area. However, the recreational value or
the utility of urban green space can also be represented by the direct use value, which can be
measured by how often individuals use urban green space, e.g. visit a park for recreational
purposes. Schipperijn et al. (2010) study how different groups of individuals use urban green
space by estimating the probability that different individuals visit a park at least once a week.
The study is based on a representative sample, n = 11238, of the Danish population.
Results in the Fredman and Hedblom (2015) and Schipperijn et al. (2010) show that recreational
patterns and outdoor life are similar in Sweden and Denmark. Findings by Sang et al. (2016),
who study Swedish citizens’ experience and use of urban green space, are also in line with the
results in Schipperijn et al. (2010). We thus consider Schipperijn et al. (2010) a reliable study
for benefit transfer and our calculations of recreational utility of urban green space in Sweden.
In the calculations of our utility expression, we see utility as a cardinal utility that can be
represented numerically. Our aggregate utility expressions in equations (1) and (2) can thus be
represented by a figure or utility index, based on how often individuals with different
characteristics visit urban parks. Based on the specification of the econometric model and
reported results in terms of the odds ratios for visiting a park in Schipperijn et al. (2010), we
adjust our utility expression in equation (1), so that we can use the odds ratios as weights in the
utility index. In the regression model, a woman aged 46-65 years with a university education is
used as the reference individual (with an odds ratio of one).
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Table 1: Odds ratios for an individual to visit the green area at least once a week.
Variable
Men
16-24 years
25-44 years
45-64 years
65-79 years
80 years and older

Odds ratio

95% Confidence interval

Weight in utility index

0.43
0.52
0.79
1.03
0.53

0.32-0.58
0.44-0.60
0.68-0.92
0.84-1.26
0.37-0.77

0.43
0.52
0.79
1
1

Women
16-24 years
25-44 years
45-64 years
65-79 years
80 years and older

0.80
0.66
1
0.92
0.40

0.62-1.04
0.57-0.78
0.75-1.13
0.28-0.55

1
0.66
1
1
1

Education
Secondary school
Upper secondary school
University

0.81
0.85
1

0.70-0.95
0.76-0.95

0.81
0.85

Distance from the green area
Less than 300 m
300 m – 1 km
More than 1 km

3.26
1
0.41

2.96-3.60
0.34-0.49

Source: Schipperijn et al. (2010), Factors influencing the use of green space: Results from a Danish
national representative survey, Landscape and Urban Planning.

Table 1 thus gives us information about the relative utility for individuals with different
characteristics. The odds ratio of 0.52 for men aged 25-44 years implies that the odds that these
men will visit a park are 48 percent lower than for the reference individual. If we normalize the
utility of visiting a park to 1 for the reference individual, we can interpret the results to express
that men aged 25-44 years have 52 percent of the utility of the reference person of a park (urban
green space). We can then use the odds ratios for visiting a park as utility weights in the
calculations of the aggregate utility in equation (1).
After normalization of the utility expression in equation (1), the utility expression can be
written as
𝑊(𝑖, 𝑘, 𝑑, 𝑞) = ∑𝑁
𝑖:1 𝑢

𝑢𝑖 (𝑘,𝑑,𝑞)

𝑖=𝑟𝑒𝑓 (𝑘,𝑑,𝑞)

∑𝑁
𝑖=1

𝑢𝑖 (𝑘)
𝑢𝑖=𝑟𝑒𝑓 (𝑘)

𝑢𝑖 (𝑑)
𝑖=𝑟𝑒𝑓 (𝑑)

∗𝑢

𝑢𝑖 (𝑞)
𝑖=𝑟𝑒𝑓 (𝑞)

∗𝑢

=

= ∑𝑁
𝑖=1 𝑤𝑖 (𝑘) ∗ 𝑤𝑖 (𝑑) ∗ 𝑤𝑖 (𝑞)

(3)

where 𝑢𝑖=𝑟𝑒𝑓 (. ) is the utility of the reference individual of a green space (park), and 𝑤𝑖 (𝑘) is
the odds ratio for individual i with characteristics k to visit a park compared to the reference
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individual; 𝑤𝑖 (𝑑) is the odds ratio for visiting a park depending on the distance to the park and
𝑤𝑖 (𝑞) is the odds ratio for visiting a park depending on the quality of the park.
If all individuals have the same probability (utility) of visiting a green space, the normalized
utility 𝑤𝑖 (. ) would be 1 for all individuals. Therefore, if the estimated odds ratio for a specific
group of individuals in Table 1 is significantly different from 1 (the value for the reference
individual), we use the estimated odds ratio in the calculations of the utility index; otherwise,
we use the value 1 for the utility weights.
Schipperijn et.al. (2010) do not include children in their study, but we attach a value of 1 for
the utility weights to children, since children are a prioritized group in the Agenda 2030 goals.
This is the same value as that for individuals aged 65-79 years and women with an age of 1624 and 45-79 years in the utility index, and it is also the highest value that is used in the index
for individuals with different characteristics; see Table 1. Since older persons are also a
prioritized group in the Agenda 2030 goals, we attach a value of 1 to the utility weight for
individuals 80+ as well, although the odds ratio for this group is significantly lower than 1. In
a later sensitivity analysis, we will examine the sensitivity of our results with variations in the
utility weights.
Previous studies show that the value of urban parks declines sharply when the distance to the
park increases (see e.g. Ekkel and de Vries 2017, Panduro and Veie 2013, Jim and Chen 2010,
Miller 2001). The proximity measure in Schipperijn et al. (2010) is thus not sufficiently detailed
for use in the calculations of recreational utility of urban parks. For regular visits by foot to
urban green space, studies have found that the distance to the green space should not exceed
300m (Boverket 2007). This distance is also of great importance for children and older persons,
whose possibilities to move longer distances are frequently more limited (Fredman and
Hedblom 2015). 100-300m was found to be a threshold distance after which use falls rapidly,
although larger distances are not irrelevant (Ekkel and de Vries 2017). For that reason, we
complement the results in Schipperijn et al. (2010) with the findings in Panduro and Veie (2013)
that estimate the impact of distance to urban parks on house prices in Denmark, and thereby
give a clear indication of individuals’ preferences for proximity to parks. Information from
Panduro and Veie (2013) is available for a distance up to 600m; this is divided into different
distance intervals. Adjusting Schipperijn et al.’s (2010) odds ratios with the information in
Panduro and Veie (2013), for the distance intervals that we use in the case study, gives the

10

following utility weights: 3 for 0-250m, 1 for 250-500m, and 0.21 for 500-750m. See Appendix
A for the calculations of the distance utility weights.

3. Case study – the loss and gain of green space in Lund, Sweden
In this section, we apply our proposed method to the loss of a green space in Lund, Sweden.
Lund is a city in southern Sweden and the central locality of Lund municipality. The
municipality had 125 000 inhabitants in 2019 (Statistics Sweden, 2020), and it is characterized
by its university and its research and development-intensive industries. The number of
inhabitants increased from 109 000 to 125 000 between 2009 and 2019 (Statistics Sweden,
2020), making Lund one of Sweden’s fastest growing municipalities. This also means that the
development and building on green space in the city has been significant in recent years (Lund
Municipality, 2015). The municipality is expected to continue to grow in the future (Lund
Municipality, 2018).
3.1 Data
Data was obtained from three different registers from Statistics Sweden: the integrated database
for labour market research (LISA); the population register (RTB), and the geographic database.
Data on the age, sex, marital status, disposable income, the number of children under the age
of 20 and the number of years of schooling is available for all individuals aged 15 years or
older. In addition, the area of residence is defined as a 250×250-meter square. All data is for
2017.
3.2 The loss of green space and possible compensation
Our case study looks closer at a green space in the eastern part of the city known as
Vipeholmsparken that was lost in the late 2010s. Lund Municipality suggested building 550
apartments in 24 apartment blocks according to the local plan for the area drawn in June 2015
(Figure 3). When the planning was initialized, the area was characterized by a pre-school and
an upper secondary school in a park-like environment (Lund Municipality, 2015). The plan
stated that much of the park-like character of the area would be lost, and that especially, the
changes in the northern part of the planning area would be substantial. Pedestrians and cyclists
use a pathway located there for recreational purposes (Lund Municipality, 2015). The map of
the area from the planning documents is presented in Figure 3.
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Figure 3: The Vipeholm area, where housing development commenced in 2015. Source: Lund
Municipality, 2015.
The most recent planning documents from the city of Lund states that ecological compensation
can be used when green space is exploited (Lund Municipality, 2018). We thus suggest two
different alternatives for the developer to compensate the loss of green space in the Vipeholm
area. The first alternative is for the developer to compensate on the outskirts of the city,
relatively close to Vipeholmsparken, and to construct a green space of equal size and quality
there. The second alternative is to compensate in the western part of the city, where new housing
development is being planned for an area called Västerbro. We assume that part of the
development of this area – which is currently used for industrial- and commercial purposes –
could be used to compensate the loss of Vipeholmsparken. Whereas the agricultural land on the
outskirts of the city is relatively close to the impact area, at a distance of approximately 1500m,
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the Västerbro area is located further away, on the other side of the city centre. The map in Figure
4 shows the locations of the impact- and offset areas in Lund.

Figure 4: Map of Lund showing the site where green space is lost (red triangle) and two possible
offset sites (green triangles).
Using information from municipality planning documents, we chose four coordinates assumed
to be entry points to Vipeholmsparken. As the green space is not enclosed, we assume that entry
was possible where pathways led to the green space. In addition, we chose one set of coordinates
along the pedestrian pathway on the northern side of the area since this part of Vipeholmsparken
was indicated as of special importance for the appearance of the green space.
For the sake of simplicity, we assume that the green spaces in the offset areas are identical to
the lost green space in size and quality (in the later sensitivity analysis, we forgo this
assumption), i.e., we do not consider changes in biodiversity, instead we assume that the offset
area contains the same amount of biodiversity per surface unit as the impact area, although the
mix of biodiversity can vary. The assumptions about equal quality of the urban green spaces
may be supported by the findings in e.g. (Bronnmann et al., 2020), who find that when
individuals were confronted with different alternatives for their closest green space, they
showed a clear preference for the status quo-type park.
Figures 5a and 5b show schematically how green space has been placed in the two alternative
offset areas, on the outskirts of the city and in the city centre, in Västerbro. The grids show
examples of 250×250m squares located around the green spaces.
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(a)

(b)

Figure 5a and 5b: Compensating the loss of green space in two different offset areas, on the
outskirts of the city and in the city centre, in Västerbro. The 250×250-squares in Figure 5b
approximately indicate the area to be developed, and the green space is placed in the east part
of the area.

Since the municipality is planning for housing development in the Västerbro area, we need to
make assumptions about the individuals who will eventually live in the area. Planning
documents describe the new development as having a “mixed city character” and as being a
“continuation of the city” (Lund Municipality, 2018). Our assumptions about the population
structure in the new Västerbro area are thus based on the population structure in nearby areas.
We have chosen three squares in our data that are situated between the current Västerbro area
and the city centre, and we use these to approximate the population structure (see Appendix B
for details).
In order to find affected individuals at the impact- and offset areas, we use the cut-off points
based on information from Panduro and Veie (2013) described above. As mentioned earlier,
green space is assumed to provide utility only when individuals reside less than 750m from an
entry point to the green space. We thus calculate the distance from the entrance points of our
green spaces to the residence of all individuals in Lund Municipality by using the coordinates
of the entrance points to the green spaces. As we do not have the exact coordinates for
individuals’ residences, we use the coordinates at the centre of each 250×250-square to define
the point of residence for the individuals in each square. Table 2 shows a description of the
affected areas.

14

Table 2: Descriptions of affected areas in our example
Impact area
Area around Vipeholm
Inhabitants lose green
space in this area

Area on the outskirts of the city

Offset areas
Västerbro

Inhabitants gain green space in this
area. New green space is
constructed on agricultural land.

Inhabitants gain green space in this
area. New green space is
constructed as part of the
construction of residential areas.

3.3 Descriptive statistics of the affected areas
From the descriptive statistics in Table 3, it is clear that there are more individuals in the
Västerbro area than in the other two areas further from the city centre. The lattermost have the
smallest number of residents; this is to be expected, since there are residential areas only on the
west side of the offset area/agricultural land. The area around Vipeholmsparken has a greater
number of individuals than the area on the outskirts of the city, but there are actually fewer
individuals living 250-500m from the green space. The two areas surrounding the impact and
offset area on the outskirts of the city overlap to some extent.
Looking at the share of individuals in different age categories in the different areas, there are
some notable differences. The area around Vipeholm has relatively many young adults (16-24
year-olds) and more individuals older than 65 years. In particular, Vipeholm is the area with
the largest share of individuals above 80 years of age (8 %). The area on the outskirts of the
city, on the other hand, has a greater number of children and individuals aged 45-64 than the
other areas. In fact, one quarter of the population in the area is younger than 16. Notably, when
compared to the other two areas, the number of young adults (aged 25-44 years) is higher in the
Västerbro area. The share of women in the population is similar in all three areas.
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Table 3: Number of individuals and characteristics of individuals in the affected areas

Distance
0-250 m
250-500 m
500-750 m
Total
Share of individuals in different age
groups
Children (0-15 years)
16-24 years
25-44 years
45-64 years
65-79 years
80 years and older
Share of women in adult population (>15
years)
Share with primary or secondary
education
Share with tertiary education
Average disposable income (SEK)
Median disposable income (SEK)

Area around
Area on the outskirts
Västerbro
Vipeholm
of the city
Number of individuals in affected areas
1725
1141
4700
1973
2702
4598
4510
2594
7256
8208
6436
16553

15%
19%
23%
21%
13%
8%

25%
10%
28%
24%
10%
3%

12%
19%
34%
21%
11%
3%

52%

52%

52%

39%

38%

38%

61%

58%

62%

286 400
191 800

266 000
239 400

223 900
NA

As shown in Table 3, there are some differences in incomes between the areas; individuals
around Vipeholmsparken are wealthier on average than individuals in other areas. Individuals
around the Västerbro area have lower average incomes than individuals around
Vipeholmsparken and in the area on the outskirts of the city. However, the median disposable
income suggests that income variation is greater in the area around Vipeholmsparken than in
the area on the outskirts of the city. The level of education is very similar in the different areas.
Around 40 percent of the population have primary or secondary education, and around 60
percent also have tertiary education. It is thus more likely that the differences in incomes are
related to age rather than to education.
As mentioned, we will attach utilities of green space to individual characteristics. In our
application, we will base this link on age and sex. It would, however, also be possible to use
other individual characteristics to define the utility of urban green space, on the condition that
data is available on utilities. While our utility calculations will not use income or education

16

variables, we will use these variables to discuss distributional effects for the different
compensation alternatives.

3.4 Results
Table 4 shows the utility of green space, the number of inhabitants, and the utility per individual
for the areas surrounding the impact and offset areas. The total utility of green space (of the
same size and characteristics) is greater in the area around Vipeholmsparken than in the area
surrounding the offset area on the outskirts of the city. Achieving a no net loss of utility by
compensating with a green space of equal size and quality on the outskirts of the city is thus not
possible. The net loss is 1216 units. However, the results show that the total utility of green
space is greater in the Västerbro area than in the impact area around Vipeholmsparken. In our
simple example, it is thus possible to compensate the loss of green space around
Vipeholmsparken by constructing green space in Västerbro. The gain is 8956 units.
Table 4. Utility, population, utility per individual and net utility in three scenarios for the area
on the outskirts of the city, Västerbro (offset area) and for the area around Vipeholmsparken
(impact area).

Distance

Utility

0-250 m
250-500
m
500-750
m
Total

4282

Vipeholmsparken
Percent
Population
of pop.
1725
21

Utility per
capita
2.48

Green space on the outskirts of the city
Percent Utility per
Utility
Population
of pop.
capita
2858
1141
18
2.51

1723

1973

24

0.87

2236

2702

42

0.83

762

4510

55

0.17

457

2594

40

0.18

6767

8208

100

0.82

5551

6436

100

0.86

-1216

Distance
0-250 m
250-500
m
500-750
m
Total
Net
utility

Västerbro with houses and green space
Percent
Utility
Population
of pop.
10863
4700
28

Utility per
capita
2.31

3641

4598

28

0.79

1219

7256

44

0.17

15723

16553

100

0.95

8956

Utility per capita is higher on average in the offset area on the outskirts of the city than in the
area around the impact area Vipeholmsparken (0.86 compared to 0.82). The main reason for
this is that a larger share of the population resides relatively close to the suggested offset area
on the outskirts of the city (in particular, there are not as many individuals residing within 50017

750m of the green space on the outskirts of the city). The greatest average utility per capita is
found in the offset area Västerbro (0.95). According to our estimates, when Västerbro is
developed, the utility of green space will increase substantially, as there are many individuals
within 250m from the projected green space.
The characteristics (age and gender) of the population do not play a major role for this outcome;
instead, the size of the population that can access the green space is decisive. Although a typical
inhabitant around Vipeholmsparken has greater utility from the green space, the number of
affected individuals close to the green space is the dominating factor explaining why the utility
of green space in the Västerbro area is greater than the utility of green space in the Vipeholm
area.
Regarding the distribution of welfare effects, clear winners and losers can be discerned in the
spatial dimension. The winners will be those who live in the area surrounding the offset area,
and the losers will be those who live in the area surrounding of the impact area. If we look at
the distributional effects in the income dimension, we see that on average, low-income
individuals will benefit if the impact area is exploited and the compensation is carried out in
any of the offset areas. However, there is a much more uneven income distribution in the impact
area, with many pensioners (individuals aged 65+) among the residents, so when one considers
both the mean and median income, the distributional effects in the income dimensions become
less clear. The individuals’ education level is relatively evenly distributed between the different
areas, so the distributional effects are small in the educational dimension. The most prominent
distributional effects are instead found in the age dimension, where older persons will lose out
if the impact area is exploited, and children (below an age of 15 years) will win if the
compensation is carried out on the outskirts of the city.
3.5 Sensitivity analysis
In this section, we perform a sensitivity analysis to investigate the robustness of the results. As
the most important factors affecting the results are the number of inhabitants living close to the
investigated green space and the utility weight that depends on the distance from green space,
we will first study how changes in the utility weights affect the results. Table 5 shows three
alternative assumptions (i.-iii.) about the distance-dependent utility. The first alternative (i.)
assumes that individuals residing further than 250m from the green space have greater utility
than what was assumed in the original analysis. The second alternative (ii.) assumes that all
individuals within the 750m-limit have the same distance-dependent utility, and that this utility
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is set to one. Finally, the third alternative (iii.) assumes that individuals living close to the green
space have significantly greater utility, and that the utility is only experienced within 500m of
the green space.
Table 5: Sensitivity analysis of total utility with different assumptions about the value derived
at different distances from the park.
Distance
0-250 m
250-500 m
500-750 m
Total utility
Vipeholmsparken
Green space on the outskirts
of the city
Västerbro with houses and
green space

Original

i.

ii.

iii.

3
1
0,21

3
2
1

1
1
1

4
1
0

6767

11357

6779

7432

5551

9506

5364

6047

15723

23951

13067

18125

The results shown at the bottom of Table 5 imply that changing the distance-dependent utilities
does not significantly alter the results. The aggregate utilities are smaller around the offset area
on the outskirts of city regardless of the choice of distance-dependent utilities in Table 5. The
aggregate utilities are still greater from the green space in the offset area in Västerbro than from
the green space in the impact area around Vipeholmsparken.
Although the utility that depends on the characteristics of the individuals is relatively modest
compared to the distance-dependent utilities, one should remember that we have assumed a
value of 1 for children and older individuals in our index. Even if this is the highest weight
attached to an individual characteristic in our index, it could still be too low (or too high)
compared to the true value. In Table 6, we show how the results change if we change the utility
for children (aged 0-15 years) and individuals aged 65 or above. We work with three different
alternatives: first, we double the utility for children and individuals aged 65 and above, and
second, we leave the utility for individuals aged 65 and above unchanged while the utility for
children doubles, and finally, we allow the utility for children to increase to 4 whilst leaving
the utility for individuals older than 65 unchanged.
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Table 6: Utility when using the assumption that children and individuals aged 65 and above
have higher utility than in the original analysis.
Original

Utility for
children and 65+
=2a
9834

Vipeholmsparken
6767
Green space on the outskirts of the
5551
8112
city
Västerbro
15723
17946
Note: a instead of a utility of 1 in the original analysis.

Utility for
children = 2 a

Utility for
children = 4 a

8105

10782

7269

10705

17714

21694

Starting with the first alternative, we see that increasing the utility for older individuals and
children does not change the relationship between different areas substantially. Just as in the
original analysis, constructing a park of equal size and quality in the Västerbro area is more
beneficial regardless of the chosen scenario. Although there are relatively more individuals
older than 65 and children in the Vipeholm area and the area on the outskirts of the city (see
Table 3), the number of individuals in the areas remains the most important factor for total
utility. The number of children is significantly greater around the green space on the outskirts
of the city, and the second analysis shows that when only the utility of children is doubled, the
utility is relatively great in this area. However, it is not great enough to change the order of total
utility between areas. When the utility for children is assumed to be four (the final alternative),
more children on the outskirts of the city result in a total utility that is almost as high as in the
area around Vipeholmsparken. Thus, if children are assigned significantly higher utility from
green space than adults, it will be interesting to compensate for the loss of green space in areas
with many children in our example. On the other hand, our analysis shows that a green space
of equal size and quality has greater utility in the area around Västerbro, as the number of
inhabitants, children and others, is higher there.
Finally, we forgo the assumption that the green spaces in our areas are of the same size (in the
analysis, we still assume that the quality of one hectare of green space is the same in all three
areas and that the same number of individuals lives in the areas around the offset- and impact
areas). For this analysis, we use information from Peroni et al. (2014), who carry out a metaanalysis and estimate a marginal value function for urban green space. The marginal value
function is a function of the distance to green space, the size of the green space, the size of the
population in the city, and income. As expected, the utility or marginal value diminishes with
size, i.e., each hectare of additional green space is worth less from the perspective of the
individual. In particular, we study how large the green space has to be at the different offset
areas in order to offset the loss of utility from Vipeholmsparken exactly; that is, we keep the
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utility of urban green space in the city constant at the original level of 6767 and adjust the size
of the offset areas to reach this utility.
Table 7: How much green space is necessary to achieve the same utility in offset areas as in the
area around the impact area Vipeholmsparken?
Hectares
Vipeholmsparken (impact area)
Green space on the outskirts of the city (offset area)
Västerbro (offset area)

2.50
3.72
0.46

Table 7 shows that to achieve the same utility level on the outskirts of the city, the green space
must be 1.22 hectares, or 49 percent larger than the green space in the area around
Vipeholmsparken. However, it is possible to compensate for the loss of the green space by
constructing a much smaller green space in Västerbro. To arrive at the same utility from green
space in Västerbro as in the area around Vipeholmsparken, the area needs only to be one fifth
of the lost green space. This is a considerably smaller green space. A word of caution is
warranted here though: we have not taken other green spaces in the areas into consideration,
and crowding might make a smaller green space less valuable to the inhabitants.

4.

Discussion

In this study, we have developed a transparent, simple and an easy-to-use tool that can be
utilized to evaluate the welfare effects of ecological compensation in various offset areas. The
model can also be used to evaluate the so-called no net loss criterium, which entails that the
change in welfare should be non-negative after compensation. The welfare effect and ecosystem
service that we include in our analysis are recreational values from urban green space. The
model is applicable to urban green space such as parks and other green spaces used for
recreation. Green spaces that contain endangered species must be protected and are not
considered possible impact areas. In the case study, we have assumed that there is no net loss
of biodiversity. The loss of biodiversity at the impact area is assumed to be replaced with a new
mix of biodiversity at the offset area that gives the same recreational values per surface unit
(e.g. hectare). This assumption has been made to facilitate the analysis. A separate evaluation
should be done for biodiversity to support the analysis of the effects on ecosystem services.
We carried out a case study to demonstrate how the model can be used. The results from the
case study indicate that the differences in valuation of urban green space among different groups
of individuals have a fairly small impact on the aggregate welfare measure: the most important
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factor for the aggregate welfare measure is the number of individuals that have access to the
recreational area; i.e., the number of individuals that live close to the urban green space.
To measure the welfare or well-being of urban green space, we used the direct use value,
represented by the likelihood that various groups of individuals visit urban green spaces.
Monetary valuation studies have shown that individuals with higher incomes tend to have a
higher willingness to pay for urban green spaces. On the other hand, studies also show that
individuals with lower incomes use urban green spaces in close proximity to their homes to a
greater extent than individuals with higher incomes. One explanation is that they can’t afford
to visit green spaces at a greater distance from their homes (Peroni et al. 2014). The lower WTP
for urban green space may thus suggest that the budget constraint is a limiting factor for lowincome groups when they state their WTP for urban green space. From that perspective, the use
value tends to be a more neutral welfare measure with respect to income. That may also be an
advantage in the study of the distributional effects of ecological compensation and the spatial
distribution of green space in general. An analysis in which the welfare measure is based on
WTP may favour areas with higher incomes.
An additional advantage of the use value is that it is easier to measure the use of green space
for children than it is to measure children’s WTP for urban green space. In monetary valuation
studies, the value of urban green space is reflected in the parents’ WTP. The study that was
used for benefit transfer and the calculations of the use value of urban green space did not
include children aged less than 15 years. To resolve this, we imposed a value corresponding to
the highest use value that was revealed in the survey. The true value may be greater or less than
the imposed value. We suggest that future studies aiming to estimate the use of urban green
space also study the use of children below 15 years. For some age groups below 15 years, visits
to urban green spaces in close proximity to the home may be high. It is thus also of interest to
study the visiting frequency in more detail, and to not limit the analysis to visits to urban green
space that are done at least once a week, as was done in the study that we used for benefit
transfers.
In future valuation or use studies of urban green space, it would also be of interest to study how
different sizes of green space, additional green spaces (parks) in close proximity to the
residential area and crowding of green space affect the use and perceived value of urban green
space. As our case study shows, information about the marginal value of size and crowding
would have been useful with regard to the offset area in the city centre. In this study, the
developer is assumed to compensate directly through an in-situ project. The cost for ecological
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compensation thus depends on the price for land and the size of the offset area. If the developer
was given the option to compensate in the central part of the city or in the outskirts of the city,
s/he may choose to compensate in the outskirts of the city, although s/he would have to
compensate with a larger area than the offset site the in central part of the city, as the option
would be cost efficient.
We have assumed that we can compensate the loss of green space in one part of the municipality
when another part is developed. It is important, however, that additional green space is added
in the municipality: one of the principles of ecological compensation is the additionality
principle, meaning that lost green space must not be replaced by green space whose construction
is planned regardless of whether green space is lost. For our offset area at Västerbro the plan is
to build a new residential area. It is unlikely that a residential area will be built without green
space, so from a compensation perspective it is important that the offset area adds green space
on top of what was already planned prior to compensation for the impact area becoming a
reality. The smaller size of the offset area in Table 7, which achieves the same utility as the
utility of the impact area, may thus be a more realistic assumption regarding the size of an area
that fulfils the additionality requirement.
Another extension that may be of interest in the calculations of the aggregate welfare index is
inclusion of all green spaces in close proximity to the individuals’ residences (in our case study,
within 750m). In our case study, we studied the effects of losing a park at the impact area and
the benefits of adding green space for recreational purposes at the offset area. This was done to
evaluate how our suggested welfare index was affected by differences between different
individuals’ valuations of urban green space and to study how the welfare measure was affected
by other factors such as population density and proximity to the green area. For policy makers,
knowing whether or not there are other green spaces in close proximity to the individuals’ home
is also of interest. If there are other green spaces in close proximity to the individuals’ home,
the loss or gain of green space is probably smaller than if there is only one green area in the
vicinity, similar to individuals’ marginal valuation of a larger sized green area. As it may take
some time before the offset area can provide the ecosystem services (e.g., it takes time for a
tree to grow), the benefit and losses of welfare may also be discounted. In our case studies and
specification of the no net loss in equation 2, we implicitly assumed that the gains at the offset
area would take place at the same time as the losses at the impact area.
We have also shown that ecological compensation will have distributional effects unless the
offset area is very close to the impact area. Some individuals will gain recreational utility, whilst
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others will lose it. The decision on how to distribute urban green space is a question for the
policy makers, and the tool that we have presented here can be used in that process. The
transparency of the tool, which aims to capture the well-being of all individuals, entails that
groups of individuals that may find it difficult to make their voices heard in the decision process
(such as groups of individuals with a lower education and children) also are represented in the
decision material.
It should also be noted that individuals might not value the loss of green space the same way as
the gain of green space. It is possible that the reference level, i.e., how much green space is
expected in the area, for those who lose differs from that of those who gain. That utilities from
loss differ from utilities from a gain was first suggested by Kahneman and Tversky (1979), and
losses are often found to be valued more highly than gains of the same magnitude in the
empirical literature (Knetsch et al., 2012). For example, in the area around Vipeholmsparken,
the reference level is a state in which there is a green space in the area. The value of this loss
per individual might be greater than the value of the gain of a green space per individual on the
outskirts of the city or in Västerbro, where the reference level of green space is a situation in
which there is no added green space.
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Appendix A
Calculations of odds ratio for distance based on estimated coefficients (marginal values) in
Panduro and Veie (2013). Odds ratio = Odds of group 1/Odds of group 2.
Odds of Group 1: the odds that people living 0-250 m from the park visit the park.
Odds of Group 2: the odds that people living 250-500 m from the park visit the park.
The assumption behind the hedonic price study is that the value of a park (visits to a park) is
reflected in house prices. In the econometric model, these effects are quantified for
houses/apartments at various distances from the park.
The odds ratio for visiting a park at various distances from the park can thus be written as:
marginal value of a park for a house 0 − 250 m from the park
marginal value of a park for a house 250 − 500 m from the park
where the marginal values reflect how often the houseowner (or the members of the household)
visits the park. As the estimation results in Schipperijn et al. (2010) normalize the odds ratio to
1 for houses 300-1000m from a park, we have chosen to normalize our odds ratio with respect
to houses 300-500m from the park in order to make our results comparable to those of
Schipperijn et al., as it correspond to the distances that we use in our analysis. We use the
percentage change in house prices associated with a 100m decline in distance to a park as the
marginal value of a park.
The results in Table A are from Panduro and Veie (2013) and are based on a regression model
with house- or apartment prices as the dependent variable and the distance from a park as
explanatory variables.

Table A. Green space appreciation index. Percentage change in price associated with a 100m
decline in distance.
Distance to park
Houses

100m 200m

300m

400m

500m

600m

Estimated coefficient
Share of value
Accumulated share
100-300 m
Accumulated share
400-500 m

2.7
2.3
0.281 0.240

1.8
0.188

1.4
0.146

0.9
0.094

0.5
0.052

Sum of
coefficients
9.6

0.708
0.240

Apartments
Estimated coefficient
2.1
1.7
1.4
1
0.7
0.3
Share of value
0.292 0.236
0.194
0.139
0.972
0.042
Accumulated share
0.722
100-300 m
Accumulated share
0.236
400-500 m
Note: Share of value = estimated coefficient (X metres)/sum of coefficients
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7.2

Houses
Normalise with the value at the distance 300-500m
“Odds ratio” < 300m:
0.708/0.24 = 2.96
“Odds ratio” 300-500 m: 0.240/0.24 = 1
“Odds ratio” > 500m:
0.050/0.24 = 0.21
Apartments
Normalise with the value at the distance 300-500m
“Odds ratio” < 300m:
0.722/0.236 = 3.06
“Odds ratio” 300-500m: 0.236/0.236 = 1
“Odds ratio” > 500m:
0.050/0.236 = 0.21
For the “odds ratio” < 300m, we use the value 3 in the calculations of our utility index.
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Appendix B
Since the proposed changes to green space are accompanied by changes in the housing
development in Västerbro, we define a scenario for the future population structure in Västerbro.
We will have to make assumptions about the number of individuals that will eventually live in
the area, as well about the characteristics of these individuals. Our assumptions about the
population structure in the new Västerbro area are based on the population structure in areas
close to the area that is to be developed. In planning documents, the new development is
described as having a “mixed city character” and as being a “continuation of the city” (Lund
Municipality, 2018). To approximate the population structure of the new area, we have chosen
three 250×250 squares in our data that are situated between the Västerbro area and the city
centre (see Figure A1).

Figure A1: Three squares are used to approximate the population structure of the future
Västerbro area.
Figure A1 shows the three squares. Square A has a city-like structure and was built quite
recently. The four Västerbro squares closest to the city centre will be similar square A in
Scenario 1. Since the new area is described as being of “mixed city character”, we will also use
squares B and C to allow for the new area to include blocks of apartments, as well as villas.
Two squares further from the city centre will be similar to square B, and two squares will be
similar to square C in the Västerbro scenario.
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