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ARTICLE INFO ABSTRACT

Keywords: Environmental compensation (EC) aims at addressing environmental losses due to development projects and
No net loss involves a need to compare development losses with compensation gains using relevant metrics. A conceptual
Net gain

procedure for computing no net loss is formulated and used as a point of departure for a comparative analysis of
metrics used by five Swedish municipalities as a part of their EC implementation in the spatial planning context
of detailed development plans. While Swedish law does not require EC in this context, these municipalities have
still decided to introduce EC requirements for development projects that occur on municipality-owned land and
to promote voluntary EC among private actors in development projects on private land. There is substantial
variation across the municipalities studied with respect to both metrics and attributes subject to measurement,
but there are also similarities: The attributes considered when assessing the need for EC in conjunction with
development are not only about nature per se, but also about recreational opportunities and other types
ecosystem services; semi-quantitative metrics such as scores are common while quantitative or monetary metrics
are rare; and metrics are rarely applied to assess compensatory gains, focusing instead on losses from devel-
opment. Streamlining across municipalities might be warranted for increasing predictability and transparency
for developers and citizens, but it also introduces considerable challenges such as a need for developing
consistent guidelines for semi-quantitative metrics, and to handle substitutability issues if metrics are not only
applied on individual attributes but also on groups of attributes. The broad scope of attributes used by the
municipalities is in line with an international tendency to broaden EC to include not only biodiversity aspects but
also ecosystem services. Moreover, the EC systems applied by the municipalities are of particular importance for
highlighting the crucial role of environmental management for maintaining and enhancing biodiversity and
ecosystem services not only in areas having formal protection status but also in the everyday landscape. The
municipalities” experience and strengths and weaknesses associated with their EC systems are therefore relevant
also in an international perspective.
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T. Soderqvist et al.

1. Introduction

Environmental compensation (EC), often called biodiversity off-
setting, aims at addressing environmental losses due to development
projects. The increasing pressures on biodiversity and nature’s capacity
to supply ecosystem services to humans necessitate action (COM, 2020;
IPBES, 2019), and EC is one tool available for reversing the trend. For
example, the EU Biodiversity strategy for 2020 (Action 7 in COM, 2011)
acknowledged that EC has a role to play in achieving no net loss (NNL) of
biodiversity and ecosystem services, and the updated strategy for 2030
(COM, 2020) suggests a net-gain principle. Thus, EC has a broad scope,
covering not only biodiversity as such but also the various economic,
social and cultural aspects associated with ecosystem services (BBOP,
2012a; Calvet et al., 2015; COM, 2011; Jacob et al., 2016; Lipton et al.,
2018).

EC is typically viewed as a conservation measure to be applied as the
last step of a mitigation hierarchy, where negative environmental
impact of development projects should first be avoided (if possible);
unavoidable impacts are to be minimized or restored, and finally any
residual loss (“the debit™) is compensated for. Compensation gains can
occur in terms of creating or enhancing environmental resources (“the
credit”), either at the development site (“on-site EC”) or elsewhere (*“off-
site EC”) (Arlidge et al., 2018; BBOP, 2012b; Maron et al., 2012; Moi-
lanen and Laitila, 2016). NNL is achieved if the gain accomplished by an
EC project is at least equivalent to the residual loss caused by the
development (BBOP, 2012b; COM, 2014).

The broad scope of EC and the urgency to ensure credits at least as
large as debits suggests an intricate question: How to measure losses and
gains to be able to assess whether an EC project results in NNL, net gain
or net loss? One purpose of this paper is to review how this challenge has
been approached in EC initiatives among Swedish municipalities and
identify similar and distinguishing features with respect to metrics sensu
Dickie et al. (2013), i.e., a set of measurements enabling comparisons
between losses and gains.

The problem of matching loss with gain is integral to EC practice.
Three main types of equivalency methods can be distinguished, each
using one or several semi-quantitative (e.g., scores), quantitative and/or
monetary metrics, while also accounting for the value of time (Cole,
2013; Lipton et al., 2018): (1) habitat equivalency analysis (HEA), where
habitat quality and/or habitat quantity is used as a metric; (2) resource
equivalency analysis (REA), where environmental resource-specific
metrics are used instead of habitat metrics, e.g., biomass of fish or the
quantity of a specific species, and (3) value equivalency analysis (VEA),
which goes beyond the biophysical equivalency considered by HEA and
REA by expressing losses and gains in terms of how they affect human
wellbeing. VEA typically applies valuation methods developed in envi-
ronmental economics for measuring human wellbeing change in a
monetary metric, see, e.g., Freeman et al. (2014) on such methods.
Application of these methods in both the EU and US has historically
produced a substantial variety of metrics, and publications addressing
this topic continue to increase, see examples in Lipton et al. (2018) and
Wende et al. (2018a). For biodiversity, relatively good availability of
data on landscape or habitat patterns is likely to explain a prevalence of
metrics based on habitat attributes and area, but such metrics might not
capture essential aspects such as ecological and species population
processes (Marshall et al., 2020). Additional challenges associated with
metrics arise because EC applications are, not uncontroversially (Jacob
et al., 2016; Persson, 2013), expanding in scope from biodiversity to a
range of different ecosystem services (Sonter et al., 2020) and in
different ecological, political, economic, social and cultural contexts
(Carreras Gamarra et al., 2018). These challenges include how changes
in the provision of ecosystem services should be measured for
adequately reflect the impact on human wellbeing, taking into account
also fairness with respect to current and future generations (Agarwala
et al., 2014; Costanza, 2020; Dasgupta, 2021). In addition, widening the
EC scope to ecosystem services might result in less attention to nature’s
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non-instrumental values, whose safeguarding is demanded, not least in
an EC context (Cole et al., 2021; Edvardsson Bjornberg, 2020).

This situation suggests a considerable need to review experience of
various metrics in different contexts. This paper contributes to building
such knowledge by comparing EC systems applied by municipalities
(local authorities) in Sweden. To the best of our knowledge, this has not
been done before in the structured and detailed way applied in this
paper. A more general and descriptive summary of municipal EC systems
was included in a recent Swedish government inquiry, which had the
broader purpose of reviewing the Swedish EC context and experience as
a whole and suggest measures that could improve EC practice (SOU,
2017). The Swedish Environmental Code includes provisions for EC in
the case of development projects expected to have substantial environ-
mental impacts; see Persson et al. (2015) for a review of the use of EC in
the case of major infrastructure projects. There are Swedish national
governmental EC guidelines for such development projects, not recom-
mending any specific metrics, but acknowledging the considerable
challenges of quantifying loss and gain and suggesting that
semi-quantitative metrics are in some cases a necessary option (Swedish
EPA, 2016).

However, the Swedish Environmental Code’s EC provisions rarely
apply for locally-permitted projects such as residential, commercial/
retail, and/or business development, including associated local infra-
structure such as roads. While such projects may not involve environ-
mental impacts major enough to require approval via the Swedish
Environmental Code, projects of this kind can still be environmentally
harmful from a local perspective, especially when viewed from the cu-
mulative effect of many projects (Conway et al., 2013). This puts mu-
nicipalities’ spatial planning through detailed development plans
(DDPs, Swedish: detaljplaner) into spotlight, because DDPs are a key
instrument for regulating development on a local scale. Pursuant to the
Swedish Planning and Building Act, DDPs empower Sweden’s 290 mu-
nicipalities to regulate land and water use and oversee the built envi-
ronment, including the use and design of public spaces (Boverket, 2018).
However, the Swedish Planning and Building Act is not fully applicable
for introducing EC requirements (via, e.g., DDPs), although such pro-
visions were suggested by the recent government inquiry (SOU, 2017).
Nevertheless, some Swedish municipalities encourage the use of EC for
development projects on privately owned land through voluntary
agreements with developers, and have introduced their own EC re-
quirements for development projects occurring on municipality-owned
land. In total, Swedish municipalities own about 2% of the Swedish
land area (Statistics Sweden, 2019a), but this proportion varies sub-
stantially across individual municipalities, and municipality-owned land
tends to be often appropriate for new development (Caesar, 2016). For
example, 97% of Swedish municipalities recently reported that they own
land suitable for housing (Boverket, 2020).

The use of EC in Swedish municipalities dates back to the late 1990s
when pioneering attempts were made to introduce “the balancing
principle” into spatial planning in some municipalities in the south-
ernmost part of Sweden (Rundcrantz and Skarback, 2003; Skarback,
1997). The principle was inspired by the German EC system and is
similar to the mitigation hierarchy mentioned above, but it makes a
distinction between on-site EC (Swedish: utjamna) and, as a secondary
option, off-site EC (Swedish: ersatta), where a site can be defined as the
area covered by a DDP (Skarback, 1997). Therefore some Swedish mu-
nicipalities can be expected to possess important EC experience in the
case of environmental impact that might not be regulated through the
Swedish Environmental Code but still might have considerable ecolog-
ical, economic, social and cultural impact locally. For example, the
everyday landscape in terms of green spaces such as parks, groves and
woods within or close to dwelling areas might not have any formal
nature protection status, but might still be of considerable importance
for both biodiversity and people’s wellbeing (Parris et al., 2018; Sha-
nahan et al., 2016). What types of impacts have municipalities been
most concerned about when applying their EC systems? What metrics
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have been applied for those impacts and how is an objective such as NNL
assessed? Are there differences and similarities in the metrics across
municipalities?

This paper aims at answering these questions by reviewing the EC
systems of a sample of Swedish municipalities. We first developed a
general conceptual structure for characterizing types of impact and
associated metrics that allowed us to compare these aspects across
municipalities. This conceptual structure, which also defines NNL in a
mathematically succinct way, is presented in Section 2.1. The data
collection including the selection of municipalities are described in
Section 2.2. Section 3 contains the results of the review and comparison,
which are then discussed in Section 4, followed by conclusions in Sec-
tion 5.

2. Method and materials
2.1. A conceptual structure for comparing EC systems

We have developed a conceptual three-step procedure detailing how
metrics are applied to assess and compare losses and gains, to evaluate
the NNL criterion. The procedure is presented by using a hypothetical
and simple example of a site to be developed, where all steps are sum-
marized mathematically in a more general format. The procedure is
purposely stylized for enabling a structured comparison across munici-
palities; some relevant and real-world complications are mentioned
after the third step. The procedure is subsequently applied in Section 3
for the selected municipalities (described in Section 2.2).

2.1.1. Step 1: Identify relevant attributes of the development site

The point of departure for this step is a gross list of attributes of a
development site that are to be considered for compensation if they are
partly or completely lost due to development. The first step entails
identifying which attributes in such a gross list are present at the site.

For the sake of simplicity, assume a gross list consisting of the
following three attributes: Recreational use (denoted by z;), meadow
biotope (22) and forest biotope (z3). Assume also that only the first two
attributes are present at the site, which means that these two constitute a
net list of attributes for the site.

General formulation of Step 1:

o The set Zgoss = {z |2 is all attributes considered for compensation} is
a gross list of attributes.

o Znee=A{21, ...,2p, ...,2n} is a net list of the n attributes present at the site,
where Znet S Zgross.

2.1.2. Step 2: Assess the loss in the attributes due to development

This step includes applying a set of metrics that defines a loss in each
attribute. A loss is a change, meaning that a baseline, such as the pre-
development situation, is generally needed for assessing the degree of
severity of the loss. For example, the consequences of a 1-ha loss in a
biotope might differ depending on whether the biotope’s initial extent
was 10, 100 or 1000 ha.

Assume that for recreational use, a semi-quantitative metric is
applied by a point scale that can take the values of 1, 2 or 3 (p;). For
meadow biotope, the number of hectares (p,) is applied. The pre-
development values for the two attributes, denoted by subindex pre-
dev, are pjpredev and Papre.dev, Trespectively. Assume that the pre-
development values are pj pre-dev = 3 points for recreational use and pz,
pre-dev = 10 ha for the meadow biotope. The metrics are subsequently
applied for assessing the post-development value (if no compensation is
carried out), denoted by subindex post-dev. Assume that pj posedey = 1
point and pz post-dev = 4 ha.

The loss is defined as the difference between the pre-development
value and the post-development value for each of the attributes. For
recreational use, this means that the development implies a reduction
from 3 points to 1 point, i.e., the loss is 2 points. The meadow biotope is
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reduced from 10 ha to 4 ha, i.e., the loss is 6 ha. Denoting the loss for the
two attributes by I; and I, this means thatl; =3 — 1 =2 points and I, =
10 — 4 = 6 ha.

General formulation of Step 2:

e Theset P ={py, ...,p; ...,Pn} is a list of metrics associated with each of
the n attributes in Z;;.

b [pl,pre-dev -+« Pipre-dev --- pn,pre-dev] isa 1 x n matrix Ppre-dev with pre-
development values of the attributes.

® [P1,post-dev --- Pipost-dev --- Pr,post-dev] 1S @ 1 X n matrix Ppost.dey With post-
development values of the attributes.

e [I;...1j... I] isa 1 x n matrix L with losses in attributes, where L =

P, pre-dev — P, post-dev-

2.1.3. Step 3: Assess the gain and the net gain in the attributes due to
compensation

The extent of the losses in the attributes found in Step 2 can be used
to inform the extent and scale of a compensation project for achieving
gains. The gain implied by the compensation project is defined as the
difference between the post-compensation value and the pre-
compensation value; this gain is for each of the attributes, where the
metrics in P are again applied. Note again the need for a baseline, here
termed as the pre-compensation value, measured at the site where
compensation takes place. This value is equal to the post-development
value if compensation is to be performed on-site, but if compensation
is to be performed at a different location than the development site (off-
site EC), the baseline at that site will determine the pre-compensation
value.

For the two attributes in the example, assume that a compensation
project entails an increase in recreational use amounting to 3 — 1 = 2
points and an increase in meadow biotope of 121 — 114 = 7 ha. This
implies a net gain of 2 — 2 = 0 points for recreational useand 7 — 6 = 1
ha for meadow biotope. Denoting the gain by g; and g, this can be
expressed as g1 = P1,post-comp — P1,pre-comp = 3 — 1 = 2 points and gz = p,
post-comp — P2,pre-comp = 121 — 114 = 7 ha (indicating off-site EC since py,
pre-comp 18 Not equal to P pestdev). The net gain v; for recreational use
amounts to g7 — I; = 0 and the net gain v, for meadow biotope amounts
to g2 — I = 1. This compensation project would thus give a no net loss
because v; > 0 for both z; and zs.

General formulation of Step 3:

b [pl,pre-comp -++ Dipre-comp --- pn,pre-comp] isa 1l x n matrix Ppre-cnmp with
pre-compensation values of the attributes.

® [P1,post-comp --- Pipost-comp --- Pr,post-comp] 18 @ 1 X n matrix Ppost.comp With
post-compensation values of the attributes.

e [g7...8 ... gl isal x nmatrix G with gains in the attributes, where
G =P, post-comp — P, pre-comp-

e The net gains [v; ... V; ... vyl isa 1 x n matrix V, where V=G — L.

e No net loss (NNL) is defined as the situation wherev; >0Vi=1,...,n.

2.1.4. Some observations regarding the steps

As will be evident from Section 3, this stylized three-step procedure
will inevitably meet many complications in a real-world setting. One
such complication is that the compensation project may have other
consequences beyond mitigating the development project’s specific
impacts. For example, assume that the only identified impact of a
development project is a reduction of a wetland biotope, which might be
compensated by converting an off-site lawn to a wetland. However, the
lawn might have a social function as a meeting place that can be affected
by the conversion. This complication illustrates the importance of a
comprehensive damage assessment that considers all relevant attributes
when assessing the impacts of the development project and the
compensation project, respectively.

An additional example of a complication is whether some substi-
tutability among attributes should be allowed or not. This could mean
that a net loss in one attribute is allowed to be compensated for by a
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sufficiently large net gain in another attribute. In practice, accepting
such trade-offs could be manifested by aggregating individual attributes
into groups of attributes and assess losses and gains at a group level. This
approach suggests a need for applying metrics that allow aggregation, e.
g., a monetary metric or a rule for how points given for individual at-
tributes can be transformed to points for a group of attributes. Moneti-
zation of losses and gains of attributes suggests substitutability and also
the possibility to assess NNL at aggregated levels, including at a total
level for all attributes. However, aggregation might be controversial; for
example, an aggregation through averaging might imply that a sub-
stantial loss in one individual attribute (which might be of importance
for a specific group in society) is masked by small losses in the other
attributes included in the aggregation. See, e.g., BBOP (2012b) for
aggregated vs. disaggregated metrics.

A third example is the complications in defining baselines. For
example, a gain in an attribute might be overestimated if a generally
declining trend in that attribute is not taken into account at the
compensatory site; alternatively, a loss may be underestimated if the
damage site is undergoing an environmental improvement. See, e.g.,
Bull et al. (2014), Darbi and Tausch (2010), Maron et al. (2015, 2018)
and Peterson et al. (2018) on static and dynamic debiting and crediting
baselines.

As a final example, several compensation possibilities might have
been identified that fulfill an objective such as the NNL criterion, which
implies a need for criteria that are of help for the final selection of the
compensation project. Several selection criteria have been suggested,
see, e.g., Lipton and LeJeune (2018), UN (2003), US OPA (1990). One
example is cost-effectiveness, i.e., selecting the compensation project
that fulfills an objective to the lowest possible costs.

2.2. Municipality data on EC metrics

Municipalities included in the analysis were selected based on three
criteria: (i) the existence of an established and written routine for
applying EC in the DDP process, (ii) that the municipality had applied
the routine long enough to have experience from multiple cases of
compensation, and (iii) that this routine included semi-quantitative,
quantitative and/or monetary metrics. The five Swedish municipalities
included in this analysis (Goteborg, Halmstad, Helsingborg, Lomma, and
Svedala) fulfill these criteria. Note that the focus on EC in the DDP
process does not preclude that the municipalities also apply aspects of
EC in other types of spatial planning, e.g., in municipal comprehensive
plans. However, DDPs are a legally binding spatial planning instrument,
while municipal comprehensive plans provide guidance and legal sup-
port but are not legally binding (Balfors et al., 2018). The data used for
the analysis were obtained from the following written documentation, in
a few cases complemented with personal communication with munici-
pality officials for clarifications: Goteborg Municipality (2018, 2019),
Halmstad Municipality (2016), Helsingborg Municipality (2014),
Lomma Municipality (undated-a,b,c,d) and Svedala Municipality (2019;
Ekologigruppen, 2018). This documentation represents general guide-
lines for how EC is to be applied in the municipalities; potential ex-
ceptions from these guidelines in specific DDPs have not been studied. A
few basic facts about the municipalities are found in Table 1. Fig. 1
shows where in Sweden the municipalities are situated.

Table 1
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3. Results

In this section, the results for the municipalities are presented for
each of the steps identified in Section 2.1.

3.1. Step 1: Identify relevant attributes of the development site

The municipalities’ gross lists of attributes (Zgos) are found as
Supplementary Material (Table A1-5) and are summarized in Table 2.
Those gross lists are used for identifying attributes present at a particular
site, i.e., for defining a net list of attributes (Z,¢). The number of attri-
butes is considerable, ranging from 11 (Helsingborg) to 64 (Halmstad)
and they include a substantial variety of environmental and human use
aspects. All municipalities include attributes about the presence of
habitats and more specific environmental resources (particularly more
aspects of biodiversity such as species abundance) and numerous attri-
butes about recreational and other human use of the environment. In
principle, this suggests a need for metrics that are not limited to the
equivalency method of HEA but also include metrics associated with
REA and VEA.

All five municipalities apply some sorting of individual attributes
into groups. The municipality having the largest number of attributes
(Halmstad) applies a grouping at two levels, where 13 groups of attri-
butes are in turn grouped into three groups. In two cases (Goteborg and
Lomma), the grouping corresponds closely to the Millennium Ecosystem
Assessment ecosystem services categorization (MEA, 2005) that are
commonly used in Sweden (Swedish EPA, 2017): Supporting, provi-
sioning, regulating and cultural services. The group labelling applied in
the other municipalities are somewhat different, but still include attri-
butes from all four ecosystem services categories. In Halmstad, the
ecosystem services group is restricted to provisioning and regulating
services. Recreational use constitutes a separate group in both Halmstad
and Helsingborg, while in Lomma, Goteborg and Svedala recreation is
contained within cultural ecosystem services. Thus, the categorization
and labelling of ecosystem services within the metric systems differ
somewhat, but attributes from all ecosystem services categories are
included in all systems. The reasons why different municipalities have
arrived at different groupings and categorization of ecosystem services
are unclear, but since grouping of attributes might suggest substitut-
ability (cf. Section 2.1), this has implications in later steps.

3.2. Step 2: Assess the loss in the attributes due to development

This step entails introducing semi-quantitative, quantitative and/or
monetary metrics and is thus decisive for how net gains can be assessed
in Step 3. Semi-quantitative metrics may be expressed either numeri-
cally (e.g., 1-5) or verbally (e.g., high-medium-low). It should be
emphasized that the five municipalities also require, implicitly or
explicitly, an impact judgment expressed in qualitative terms (free text
format). However, while judgments expressed in such a format might be
important and informative, they are not included in this comparative
analysis because they do not allow systematic computation of losses,
gains and net gains.

The metrics used by the five municipalities for assessing the pre-
development values Ppregey, post-development values Ppostdey, and

Basic facts about the municipalities included in the study. Corresponding figures for Sweden as a whole are also included. Sources: Statistics Sweden (2018, 2019a,

2019b, 2019¢).

Goteborg  Halmstad  Helsingborg ~ Lomma  Svedala  Sweden
Number of residents (Dec. 31, 2018) 571,868 101,268 145,415 24,763 21,576 10,230,185
Land area (kmz) 448 1014 344 55 218 407,311
Population density (residents per km? of land area) 1268 100 423 442 99 25
Percentage of total land area owned by either the municipality, municipal housing company or the 54 9 16 14 9 2

county council
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Fig. 1. The geographical location of the municipalities included in the study in the southern part of Sweden.

Table 2
Characteristics of the municipalities’ gross lists of attributes (Zgross).

Number of
attributes in Zgrgs

Grouping of attributes (number of attributes
given in parentheses)

Goteborg 43 4 groups: Cultural (23), supporting (11),
provisioning (2) and regulating (7)
ecosystem services

Halmstad 64 13 groups which in turn are aggregated into 3

“main areas™:

The main area recreation contains play (5),
sports (8), exercise (3), nature based outdoor
recreation (6), nature experience and social
values (11); the main area ecology contains
threatened species (5), valuable habitats (6),
other green values (4); the main area
ecosystem services contains climate (4), water
(6), air (1), food (1), protection (4)

2 groups: Recreational (7) and ecological (4)
values

Helsingborg 11

Lomma 24 (+4 overarching 4 groups: Ecological values (2), provisioning
functions) (6), regulating (9) and cultural (7) ecosystem

services
Svedala 13 2 groups: Nature values (9) and cultural and

recreational values (4)

Sources: Goteborg Municipality (2019), Halmstad Municipality (2016), Hel-
singborg Municipality (2014), Lomma Municipality (undated-b), Svedala Mu-
nicipality (2019).

losses (L) are found in Table 3. For most municipalities, the focus is on
assessing the magnitude of loss associated with development. Not all of
them assess Ppre.gey €xplicitly, which implies an unclear baseline and
might therefore make it more difficult to assess the severity of the loss
(cf. Step 2 in Section 2.1). Also, Pps:.dey is not explicitly assessed by most
municipalities.

The loss assessment is made at an individual attribute level in
Goteborg, Halmstad, Helsingborg and Lomma, at a group level in
Halmstad, Helsingborg, Lomma and Svedala, and at a total level (i.e., all
attributes taken together) in Helsingborg, see Table 3. In Halmstad,
Helsingborg and Lomma, this means that individual attribute losses are
translated into group losses. This could be achieved with mathematical
translations, for example, the group loss is computed as the average or
maximum loss of the group’s attributes; however, the group level
assessment is instead made as an overall professional judgment. It could
also be noted that Helsingborg and Lomma allow the semi-quantitative
metric to express potential gains in attributes because of development; in
Lomma this is allowed at the group level as well. In Svedala, the loss
assessment is made only at group level, but on the other hand it is made
for each natural area and cultural area identified within the develop-
ment site, which still implies a loss assessment at a rather high
geographical resolution. Although both this loss assessment and the
assessment of Pp.q.y is made by using a three-step semi-quantitative
scale, the loss assessment is made as an overall professional judgment
that does not necessarily reveal the value of Ppos.dey at group level.

As indicated in Table 3, the loss assessment in Goteborg and Hel-
singborg requires some additional explanations. In Goteborg, the pre-
development value (a score of 1, 2 or 4) is multiplied by the loss score
(1, 2 or 3) for each attribute. A product greater than or equal to 4 is
interpreted as a need for compensation. While this is a general rule, it is
acknowledged that exceptions may arise if there is a large loss in many
small values.

In Helsingborg, a matrix relating the semi-quantitative loss assess-
ments at the two group levels of recreational values and ecological
values is used for defining an impact factor ranging from 0.2 to 3.0. The
maximum value of the impact factor is defined from a combination of
large negative losses for both recreational values and ecological values.
This impact factor is multiplied by the area (in m?) affected negatively
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Table 3

Metrics applied for assessing pre-development values of attributes, post-development values of attributes and loss in attributes. Note: “No” means that there is no
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formalized and mandatory procedure described, but some metrics might still be included ad hoc as part of a qualitative (free text) assessment.

Metric Goteborg® Halmstad” Helsingborg® Lomma"“ Svedala®
Assessment of the pre-development values (Ppre.dey)
Semi- Yes, at attribute level (in case No No No Yes, at attribute level (besides
quantitative of negative impact): use values) and group level:
1 = small value 1 = Some
2 = moderate value 2 = (Neither some nor high)
4 = large value 3 = High
Quantitative Not explicitly as a part of the Not explicitly asa partof ~ Not explicitly as a part of the ~ Yes, examples are given in Yes, examples are given in the
assessment the assessment assessment the assessment guideline assessment guideline
Monetary No No No No No
Assessment of the post-development values (Ppost-dev)
Semi- No No No No Partly
quantitative
Quantitative Not explicitly as a part of the Not explicitly asa partof ~ Not explicitly as a part of the  Yes, implicitly through the Not explicitly as a part of the
assessment the assessment assessment loss assessment assessment
Monetary No No No No No
Assessment of the loss (L)
At attribute level
Semi- Yes: No Yes: Yes: No
quantitative 1 = small loss e Small neg/pos e Small neg/pos
2 = moderate loss e Moderate neg/pos e Moderate neg/pos
3 = large loss e Large neg/pos e Large neg/pos
And multiplication with Py, e Uncertain neg/pos e Uncertain neg/pos

devs S€E text

Quantitative Not explicitly as a part of the Notexplicitly asapartof ~ Not explicitly as a part of the ~ Yes, examples are given in Not explicitly as a part of the
assessment the assessment assessment the assessment guideline assessment
Monetary No No No No No
At group level (i.e., metrics for the groups within attributes are sorted, see Table 2)
Semi- No Yes: Yes: Yes: Yes:
quantitative e Green = No loss e Small neg e Small neg/pos e Green = No loss
e Yellow = Moderate e Moderate neg e Moderate neg/pos e Yellow = Negative impact
loss e Large neg e Large neg/pos e Red = Substantial damage
e Red = Large loss
Quantitative No Not explicitly asa partof ~ Not explicitly as a part of the ~ Yes, examples are given in Not explicitly as a part of the
the assessment assessment the assessment guideline assessment
Monetary No No No No No
At total level (i.e., metrics for all attributes taken together)
Semi- No No Yes, as a part of the monetary ~ No No
quantitative calculation, see text.
Quantitative No No Yes, as a part of the monetary ~ No No
calculation, see text
Monetary No No Yes, see text No No

2 Source: Goteborg Municipality (2019).

b Source: Halmstad Municipality (2016).

¢ Source: Helsingborg Municipality (2014).

4 Source: Lomma Municipality (undated-b, undated-c).
¢ Source: Svedala Municipality (2019).

f For Halmstad, the “main areas” in Table 2 are not included here because they are not subject to separate assessment.

by development and also by a monetary area value per m?, normally

ranging from SEK 150 to 900 per m%. A low monetary value is applied for
areas previously designated for development and a high value is applied
for areas that currently lack sufficient green space or in areas previously
designated as nature. The calculated product in SEK (impact factor x
area x area value) is called “the balancing value” (Swedish: balanser-
ingsvardet) and can be interpreted as the value of L on a total level for a
specific site.

As is evident from Table 3, semi-quantitative metrics dominate
among the municipalities, which implies that Step 2 is for most mu-
nicipalities not employed for building a basis for a quantitative HEA,
REA or VEA. The only monetary metric used by the municipalities is “the
balancing value” in Helsingborg, suggesting a VEA approach. However,
the monetization is not explicitly linked to human wellbeing and is not
followed up by a corresponding assessment of gain, see Step 3.

3.3. Step 3: Assess the gain and the net gain in the attributes due to
compensation

This step is about computing the gain (G = Ppost-comp — Ppre-comp) Of

potential compensation alternatives and comparing them to the loss (L)
assessed in the previous step in order to find out the net gains (V=G —
L). Goteborg and Helsingborg do not apply any explicit procedure for
assessment in this step, see Table 4. However, they indicate general
principles for finding appropriate compensation measures. In the case of
Goteborg, “the scale of the compensation measure must reflect the loss in the
damaged function” (Goteborg Municipality, 2018, p. 9) and “the
compensation measure must to the greatest extent possible re-create corre-
sponding functions and values that have been lost due to development”
(Goteborg Municipality, 2018, p. 11). For Helsingborg, it is indicated
that suitable compensation measures are to be based on “what values are
lost or influenced” (Helsingborg Municipality, 2014, p. 4). These princi-
ples indicate a strive for minimizing net loss or even reach a net gain, but
they are not accompanied with an application of metrics that allow a
calculation of this fulfillment.

In the case of Lomma, quantitative metrics are applied that can be
used for ensuring that “the compensation is to correspond to at least the
value which is lost due to development” (Lomma Municipality, undated-d,
p- 10), and also identify offset ratios greater than 1:1, which the mu-
nicipality views as being needed in many cases because of, for example,
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Table 4
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Metrics applied for assessing pre-compensation values of attributes, post-compensation values of attributes, and gain and net gain in attributes. Note: “No” means that
there is no formalized and mandatory procedure described, but some metrics might still be included ad hoc as part of a qualitative (free text) assessment.

Metric Goéteborg® Halmstad” Helsingborg® Lomma* Svedala®
Assessment of the pre-compensation values (Pyre-comp)
Semi-quantitative No No No No No
Quantitative No No No Yes, examples are given in the assessment guideline No
Monetary No No No No No
Assessment of the post-compensation values (Ppost-comp)
Semi-quantitative No No No No No
Quantitative No No No Yes, implicitly through the gain assessment No
Monetary No No No No No
Assessment of the gain (G)
Semi-quantitative No No No No Partly
Quantitative No No No Yes, examples are given in the assessment guideline No
Monetary No No No No No
Assessment of the net gain (V)"
Semi-quantitative No Yes, at group level: No No Yes, at group level:
e Green = No net loss e Green = No net loss
e Yellow = Moderate net loss e Yellow = Net loss
e Red = Large net loss e Red = Substantial net loss
Quantitative No No No Yes, examples are given in the assessment guideline No
Monetary No No No No No

# Source: Goteborg Municipality (2019).

b Source: Halmstad Municipality (2016).

¢ Source: Helsingborg Municipality (2014).

4 Source: Lomma Municipality (undated-b, undated-c).
¢ Source: Svedala Municipality (2019).

f For Halmstad, the “main areas” in Table 2 are not included here because they are not subject to separate assessment.

uncertainties in the development of values over time (ibid.). The use of
quantitative metrics for both losses and gains implies an opportunity to
carry out a full quantitative equivalency analysis. However, while ex-
amples of quantitative metrics are given, metrics are not determined for
all attributes, which might still imply that the comparisons of losses to
gains are delimited to a subset of attributes.

Halmstad and Svedala assess net gains at group level by using a
similar semi-quantitative metric as was used in Step 2 for assessing the
loss at group level, see Table 4. Both municipalities indicate a strive for
as much “green lights” (i.e., no net loss) as possible. Thus, this represents
a kind of full equivalency analysis but made in a semi-quantitative way
on a group level. The assessment of net gains is done directly without
any explicit comparison of pre-compensation and post-compensation
values.

As general guidance for the final selection of compensation project,
all five municipalities follow the balancing principle (see Section 1), but
some of them elaborate it further in various ways. Goteborg, Halmstad
and Helsingborg introduce proximity not only with respect to location
but also to attributes and time as a criterion, stating that the compen-
sation is to be “close in function, site and time and have at least the same
value that is lost” (Goteborg Municipality, 2019, p. 11), “the closer in time,
space and value, the better” (Halmstad Municipality, 2016, p. 7) and “close
in time and location whenever this is judged to be appropriate” (Helsingborg
Municipality, 2014, p. 4). In Helsingborg, proximity concerning location
is stated to be of particular importance for recreational values, but “for
ecological values, another location might in some cases provide a higher
value” (Helsingborg Municipality, 2014, p. 4). Lomma notes that
compensation of one type of loss with the same type is a primary option,
which should be abandoned only if precluded by, for example, physical
site conditions. Also, compensation measures should aim at multi-
functionality by, as one example, making sure that measures reducing
flooding risks also are beneficial for recreation and biodiversity (Lomma
Municipality, undated-d). In the case of Goteborg, it is stated that an
overall professional judgment of the reasonableness of the compensation
project is also to be made (Goteborg Municipality, 2019) and that an
“economic cost-benefit balancing” (Goteborg Municipality, 2018, p. 13) is
a tool for such a judgment, which might open up for other considerations
than no net loss to be taken into account.

3.4. Summary of key findings

The findings from our comparative analysis can be summarized as
follows:

e There are similarities but also substantial differences across the
municipalities’ gross lists of attributes relevant to consider in an EC
context. Similarities include that the attributes are not only about
nature per se, but also about nature’s support to humans, e.g., rec-
reational aspects. The ecosystem service concept is used by all five
municipalities, but in slightly different ways, and attributes
belonging to all four ecosystem service categories of MEA (2005) are
included in all municipalities. The number of relevant attributes
varies substantially, from 11 in the case of Helsingborg to 64 in the
case of Halmstad.

All municipalities employ some way of sorting individual attributes
into groups, e.g., that specific regulating ecosystem services such as
local climate regulation and noise reduction are included in the
group of “regulating ecosystem services”. All municipalities except
Goteborg also use a metric for the group level, and one municipality
(Helsingborg) use a metric also for a total level, i.e., for all attributes
taken together.

e All municipalities apply semi-quantitative metrics. Quantitative
metrics are rarer, and only one municipality (Helsingborg) makes use
of a monetary metric.

All municipalities apply metrics for loss (L), but there is less focus on
measuring gain (G) and net gain (V), which restricts the possibility to
carry out a full equivalency analysis. Also, benchmarking, i.e.,
assessing pre-development values (Ppre.dev) and pre-compensation
values (Ppre.comp), is not applied by all municipalities.

All municipalities refer to the balancing principle, which entails that
any residual loss after avoidance and minimization should in the first
place be compensated on-site, with compensation off-site as a sec-
ondary option.

4. Discussion

The findings of this study raise a number of different issues related to
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metrics used in EC systems. It is evident that the municipalities’ use of
metrics is not streamlined. While there are similarities such as using the
ecosystem service concept for identifying and sorting attributes and
predominantly applying semi-quantitative metrics, there are also dif-
ferences in terms of the number of attributes and how metrics are
applied at attribute, group and total levels. This variety is not surprising
because there are no national guidelines for gross lists of attributes and
associated metrics (see also below), no EC requirements in the Swedish
Planning and Building Act, and also because each municipality has made
its own autonomous decision to introduce an EC system. In the following
we discuss our results from some important perspectives related to the
choice of EC systems and related metrics.

4.1. The use of different metrics

One important issue in applying EC is the use of semi-quantitative,
quantitative or monetary metrics. The EC guidelines of the Swedish
EPA (2016) do not recommend any specific metrics but state that there is
a general need for quantitative metrics that capture the impact on
relevant aspects including qualities, and that the same metric should be
used for measuring both loss and gain. Quantitative metrics are often
viewed as desirable because they help ensure comparability across
different areas and different evaluators (Carreras Gamarra et al., 2018).
However, semi-quantitative metrics dominate in the municipalities’ EC
systems, and this might be because the municipalities have included
attributes that are difficult to define with precision and therefore not
straightforward to quantify. For example, the gross lists of attributes
include many ecosystem services that are tied to people’s experience of
nature, e.g., rest (Goteborg), forest feeling (Halmstad), peacefulness
(Helsingborg), aesthetics (Lomma), and training and education (Sve-
dala). The wide range of ecosystem services included in the gross lists
also highlights that the scope of the municipalities’ EC systems goes
beyond cases of areas and species with formal protection status and
considers the importance of the everyday landscape for people’s
wellbeing.

Semi-quantitative metrics are indeed an option often being used for
complex ecosystem services (Rayment et al., 2014), and the EC guide-
lines of the Swedish EPA (2016) acknowledge that such metrics could be
a reasonable option, but also that it implies a need for transparency in
terms of the judgments made. An evaluator’s choice of a score or a
ranking might indeed lack transparency if there are no or vague
guidelines for when a particular score or ranking is to be chosen, e.g., no
precise definitions of conditions for when to set a score equal to 1 or a
score equal to 2. Such a lack of precise guidelines is the case for many of
the municipalities’ semi-quantitative metrics; an important exception is
the relatively detailed guidelines used in Svedala for selecting scores
when assessing pre-development values of attributes (Ekologigruppen,
2018). Although a lack of precise guidelines does not mean that the
choice of a particular score is not well-motivated, and a written moti-
vation might always exist, it could still introduce an element of
subjectivity, unpredictability and opacity in the EC systems.

4.2. Grouping of attributes

Most municipalities make assessments of groups of attributes. How-
ever, their documents are typically not precise about how to make as-
sessments of groups from assessments of the individual attributes
included in the groups. The tendency to make groups might be due to the
fact that the municipalities’ gross lists of attributes are long and reflect
the multifunctional and complex nature of the everyday landscape. One
way to help to make this complexity manageable is to sort attributes into
groups and apply metrics for these groups. However, grouping of attri-
butes might open up for trade-offs across attributes included in a group,
and this might mask net losses for individual attributes, especially if
metrics are only applied for groups, not for individual attributes (cf.
Rayment et al., 2014). For example, Halmstad employs a metric for
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assessing loss (and net gain) at group level, but not at attribute level.
Grouping should be accompanied by considerations about what is
acceptable substitutability across attributes. For example, within a
group of “recreation”, could a negative impact on a picnic site be traded
off against a positive impact on a running trail? Such a substitutability
might be controversial, especially since equity aspects should also be
considered (cf. Principle 7 in BBOP, 2012a); certain groups in society
may prefer picnic sites whereas other groups in society prefer running
trails, see also below on distributional issues. Grouping of attributes
should thus be used with caution and clarity, e.g., by specifying condi-
tions for when a loss in an individual attribute might be considerable
enough to have a veto against being traded off against a gain in another
individual attribute. Such conditions also help to clarify what would
qualify as “in-kind” and “out-of-kind” compensation, taking into ac-
count what flexibility is viewed as acceptable (Bull et al., 2015).

4.3. Assessment of losses but not gains

In our analysis we found that metrics are primarily applied for
assessing losses rather than for assessing gains. Not assessing gains
precludes a full equivalency analysis (neither HEA, REA nor VEA). From
a practical perspective, a focus on assessing losses might be under-
standable because a loss assessment requires efforts and might be
prioritized just because it happens before assessing potential compen-
sation alternatives. Also, gains are typically more uncertain and more
difficult to assess, particularly for EC systems involving ecosystem ser-
vices whose values are dependent on public preferences (Moilanen and
Kotiaho, 2018). However, even metrics conveying uncertain values
(about both losses and gains) can be highly useful because they help
signaling knowledge gaps and provide an incentive for following up
compensation results, i.e., to evaluate whether the actual compensation
project reached the expected outcome. Also, the finding that bench-
marking (assessment of pre-development and pre-compensation values)
is not always used suggests a room for improvements in the munici-
palities’ metrics. As emphasized by Maron et al. (2015, 2018), both
applying a “debiting baseline” and a “crediting baseline” is important,
because the consequences of changes (e.g., a loss or gain in a recrea-
tional area) are generally dependent on the status and evolvements of
stocks (e.g., the total size of the recreational area).

4.4. A broader view on metrics in EC systems

The issues we have raised above are relevant to take into account in
further development of the municipal EC systems. We believe that the
EC systems and their metrics to an important extent so far reflect a
willingness to create an initial structure in the mode of operation with
respect to EC, and a willingness to facilitate dialogue about compensa-
tion across various actors, not least between the many municipality of-
ficials and departments that need to co-operate in an EC system (e.g.,
spatial planners, land development officials and environmental offi-
cials). More detailed specifications of attributes and development of
associated metrics could be natural next steps to take. Such steps should
also consider a fundamental issue in applying metrics: To what extent do
metrics convey information on how different groups in society are
affected by losses and gains? The metrics applied by the municipalities
implicitly approach this issue to some extent by including a wide range
of ecosystem services that provide support to wellbeing among local
residents (e.g., recreational opportunities nearby) as well as to non-local
populations (e.g., food production and nutrient uptake). However, not
even local residents can be considered a homogenous group but repre-
sent various stakeholder groups that can be affected by losses and gains
in unfair ways, cf. the picnic site example mentioned above. It would
therefore be desirable if metrics could approach equity issues more
explicitly. One potential approach is to draw on procedures in cost-
benefit analysis for analyzing how benefits and costs are distributed
among various groups in society (Johansson and Kristrom, 2018): For
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example, net values of benefits minus costs can be calculated for affected
groups to find out whether a weighted sum of these values is positive,
where weights are assigned to the different groups according to distri-
butional concerns (see OECD, 2018 on practical procedures). Similar
considerations could be introduced when assessing losses and gains in an
EC setting. While this adds complexity, it would also strengthen the EC
application by necessitating identification of stakeholder groups; see, e.
g., Reed et al. (2009) on methods for such identification and Griffiths
et al. (2018) on the associated challenge of finding an appropriate level
of aggregation for losses and gains from an equity perspective. More-
over, it would also stimulate discussions about how an equitable
outcome can be defined, which is inevitably dependent on normative
judgments in society regarding environmental justice.

4.5. Streamlining of metrics in municipalities’ EC systems?

Would a streamlining of the municipalities’ metrics be a desirable
development? This question comes to a head in case the Swedish gov-
ernment would accept the recently proposed changes in the Swedish
Planning and Building Act about allowing municipalities to apply re-
quirements for EC in detailed development plans (SOU, 2017). Making
EC a more powerful legal instrument for municipalities would involve a
need for being clear towards developers about what EC requirements
involve; compliance with the rule of law implies that legal provisions
have to be well-defined, predictable, implementable and evaluable.
These are important arguments for a streamlining involving an
increased use of quantitative or monetary metrics, which is likely to
increase predictability and to simplify evaluations of EC results within
and across municipalities. At the same time, semi-quantitative metrics
might be the only available option for some of the attributes that mu-
nicipalities include as relevant for EC, and streamlining would for such
metrics include stricter and consistent guidelines for scorings and
rankings. However, there are arguments for streamlining also in a
voluntary EC system. It would imply an increased transparency for cit-
izens and developers and avoid unnecessary and duplicative effort;
standardization of EC systems is likely to be one factor that stimulates
cost-effectiveness in EC (Defra, 2019). However, streamlining is a
challenge; a considerable variety of metrics are present even in a country
like Germany, where there is more than 30 years of legally regulated EC
practice (Wende et al., 201 8b).! The local context, including variability
in public preferences, stakeholder groups and environmental and social
conditions, and municipalities’ evident willingness to consider
numerous ecosystem services, implies a degree of complexity suggesting
that a streamlining should not be imposed in a top-down fashion.
Instead, streamlining should be developed as a collaborative effort
involving municipalities as well as state agencies, and be supported by
further research on metrics, not least on attributes for which no estab-
lished quantitative or monetary metrics exist, and ways to consider
equity issues. However, national coordination and enforcement might
be needed for a streamlining process to be realized. Perhaps a first step
towards a streamlined metrics system could be to create a common
system for attribute grouping, e.g., based on ecosystem services cate-
gories and a set of common generic attributes that may be com-
plemented with additional attributes if needed to adapt to the local
municipal context. Such a first step is likely to be facilitated by the ex-
istence of well-established frameworks for defining and categorizing
ecosystem services, e.g., the international framework CICES (Haine-
s-Young and Potschin-Young, 2018) upon which the Swedish EPA
(2017) has built a list and classification of ecosystem services relevant in
a Swedish context.

! The Impact Mitigation Regulation was introduced in 1976 under the
German Federal Nature Conservation Act.
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5. Conclusions

Based on a general conceptual structure for a comparative analysis of
EC metrics, we analyzed the metrics used by five Swedish municipalities
for assessing losses in terms of environmental damage implied by a
development project and gains implied by a compensation project. The
conceptual structure’s three-step procedure enables mathematical for-
mulations of what need to be measured for finding out whether
compensation fulfils objectives such as NNL, and therefore what metrics
to look for in the municipalities’ EC systems, as well as facilitating a
broader understanding and discourse around losses, gains and objectives
such as NNL and their possible conflict with the practical world. The
structure, the results from the municipality cases, and the issues brought
up in the discussion show that the aggregation level chosen for NNL
operationalization can be a key dilemma. Whether to treat loss and gain
as one variable, or to group attributes, or to treat each attribute sepa-
rately, is an open question. There are typically many attributes involved,
probably because one important purpose of the municipalities’ EC sys-
tems is to care for the everyday landscape. It may therefore be difficult to
achieve NNL across all attributes, or to measure all attributes separately.
Hence, attributes could be weighed together into sub-groups, repre-
senting different aspects of value. This raises concerns regarding trade-
offs between attributes, further development of metrics and stream-
lining initiatives would call for more knowledge and scrutinizing
regarding substitutability. Here, the interaction between compensation
projects and broader regional and local environmental objectives and
processes, such as green infrastructure planning, could be of particular
importance, by highlighting attributes that should be given priority. A
question that follows from this is how to best group attributes. For
example, are all “recreation” or “biodiversity” attributes best put in
separate groups, or are they better combined with entirely different
attributes which may represent other types of similarities and trade-off
possibilities? Answering such types of questions is likely to require a
multidisciplinary approach, taking into account public preferences for
various ecosystem services, environmental justice considerations,
practical concerns and the system-ecological context.
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