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Abstract

With global population growth and increasing urbanisation, it is important to mon-
itor and mitigate the impacts of land-use change on ecosystems and biodiversity. In
order to foster a culture of accountability among companies, the EU has introduced
the Corporate Sustainability Reporting Directive (CSRD), aimed at expanding the
scope of sustainability reporting to include more companies. The aim is also to en-
hance the comparability, trustworthiness, and inclusion of relevant data in sustain-
ability reporting. There are 13 Reporting standards within CSRD called European
Sustainability Reporting Standards (ESRS), and the focus here is ESRS E4 which
covers biodiversity and ecosystems. The aim of this master’s thesis is to investigate
how the construction and building company Derome can measure ecosystem services
and biodiversity, and use the results to report this in line with CSRD.

This master’s thesis is done in collaboration with Derome which is a company situ-
ated in the south-west of Sweden. From the fiscal year of 2025, Derome is obligated
to report according to CSRD and ESRS E4, which means that Derome need to
develop methodologies for measuring and monitoring their impact on biodiversity
and ecosystems. A literature study and a semi-structured interview study with
employees at Derome were conducted to achieve this. The results of this master’s
thesis shows that indicators, for ecosystem services and biodiversity can be identified
using the combined framework, DPSIR-E. This framework, built upon the DPSIR
(Drivers, Pressures, State, Impact, Response) model, incorporates three additional
steps to ensure the development of suitable indicators: one dedicated to the actors
engaged in indicator development, another focused on defining the purpose of the
indicators, and a third dedicated to establishing evaluation criteria, resulting in the
additional “-E” to the combined framework. The efficacy of this combined frame-
work was demonstrated through its application to two of Derome’s construction sites,
resulting in the identification of 22 indicators measuring ecosystem services and bio-
diversity at Goinge by and Goingegarden, including example values for Goinge by.
Lastly, the importance of sector-specific disclosure requirements for the construc-
tion and building sector were identified. Further, common monitoring data points
or indicators is needed to ensure comparable results regarding companies impacts
on ecosystems and biodiversity within the sector.

Keywords: Ecosystem services, biodiversity, CSRD, ESRS E4, ecosystems, DPSIR,
indicators, construction site
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1

Introduction

Anthropogenic impacts on Earth are causing climate change, negative impacts on
ecosystems and a worldwide decline in biodiversity (Neugarten et al., 2024). While
the standard of living has increased for a majority of humans, the cost of converting
habitats for economic advancement and societal development has had a negative
impact on several million people due to climate change. The concept of planetary
boundaries where first developed by Rockstrom et al. in 2009 and include descrip-
tions on the state of different biochemical and biophysical systems and humanity’s
interference with these. According to Richardsson et al. (2023), six out of nine
planetary boundaries have been overstepped which may result in irreversible dam-
age on these systems and therefore alter the balance in nature and in ecosystems.
The planetary boundaries and their status in 2023 is illustrated in Figure 1.1.

Climate change
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»
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Figure 1.1: The planetary boundaries and their status in 2023 which shows six out of
the nine boundaries have been exceeded (Richardson et al., 2023). CC BY-NC 4.0

Due to the current development in the world, including an increasing global popu-
lation and urban expansion, securing production and availability of food and energy
whilst ensuring a livelihood are of importance. Therefore, it is important to plan
the development in urban expansion, energy production and agricultural activities
to ensure the essentials of human life, since these sectors affect the environment



1. Introduction

(Neugarten et al., 2024). Despite the coordinated planning for the future develop-
ment of different sectors to ensure food, energy and livelihoods, development often
does not aim to improve the conservation of ecosystems, ecosystem services (ESs)
and biodiversity. Therefore, there is a conflict between maintaining nature and pur-
suing current development goals. In the article by Neugarten et al. (2024), the need
for decision-making at a national and sub-national level regarding conservation and
development is highlighted.

Initiatives like the Paris Agreement, the United Nations (UN) Sustainable Devel-
opment Goals (SDGs) and the Kunming-Montreal Global Biodiversity Framework
(GBF) are proof of an increased global recognition of climate change and its con-
nection to biodiversity and sustainable development. However, as can be seen in
Richardson et al. (2023) more efforts are needed to reverse the negative trend in the
environment. Currently, large companies in the EU are obliged to disclose an annual
sustainability report, including their impact on the environment (EC, 2023b). The
latest sustainability reporting directive from the EU came into force on January
5t 2023 and is called Corporate Sustainability Reporting Directive (CSRD) (EC,
2023b). The scope of CSRD is expanded from the previous one, both in terms of
the number of companies included but also in the quality, comparability and trans-
parency of the reports (EC, 2023b). Further, one aim of CSRD is to map and report
on the whole value chain of the company along with providing in-depth disclosures
on how sustainability issues impact a company’s business and its activities’ societal
and environmental effects. Since Sweden is a member of the EU, companies op-
erating in Sweden are obligated to report according to CSRD. However, there are
no additional demands of reporting on ESs and biodiversity currently on a national
level in Sweden. There are regulations on what is permitted and not in the Swedish
Environmental Code and the Swedish Planning and Building Act, however these are
not related to sustainability reporting.

Since results of measures in nature often have a high level of complexity, indicators
can be used to provide simple yet accurate information on the current state in na-
ture, e.g. for sustainability reporting. To evaluate ESs and biodiversity, quantitative
indicators can be used to provide information regarding the state of nature (IPBES,
nda). The indicators that are used to illustrate the state in nature must be of high
quality and comprehensive to cover the issue that it is intended for. To ensure the
quality of the indicators among other things, the European Environmental Agency
(EEA) introduced the DPSIR framework (Drivers, Pressures, State changes, Im-
pacts, Responses) to ensure that created indicators are of high quality (EEA, 1999).
The EEA provides independent facts and is a part of the EU. The created indicators
can be used to communicate the impact that a company has on ecosystems, ESs and
biodiversity. Further, it can also be used to for sustainability reporting (EFRAG,
2023).

Derome is a construction and building company located in the south of Sweden
which is to report their activities according to CSRD from the fiscal year of 2025
(A. Carlsson, personal communication, 23 February, 2024). Being a company within

3



1. Introduction

the construction and building sector, their activities are affecting ESs and biodiver-
sity due to exploitation of land (Hald-Mortensen, 2023). Currently, in the munic-
ipality of Varberg Derome is building a new residential area called Goéinge by and
Goingegarden.

1.1 Aim

The aim of this master’s thesis is to investigate how construction and building
companies can measure ESs and biodiversity regarding land-use, and report this in
line with CSRD, more specifically ESRS E4. The company of Derome is the client
of which specific indicators will be provided for one of their construction sites.

1.2 Research questions

Three main research questions (RQs) were compiled in order to reach the aim of the
master’s thesis:

1. How can ESRS E4 be applied on Derome’s operations regarding land-use?
2. How can suitable indicators, regarding ESs and biodiversity, be identified by
the usage of a framework?
(a) For whom is the framework and the indicators designed to be used?
(b) Who are the results of the indicators intended for?
(¢c) What is the purpose of the indicators?
(d) How can data be collected for the indicators?
3. What are suitable indicators derived from the created framework for measuring
ESs and biodiversity at Derome’s construction site, Géinge by and Goingegéar-
den?

The four sub-questions to RQ 2 address the meaning of the word “suitable” in
the same RQ), since the definition of the word can vary. The four sub-questions
ensure that the created combined framework can develop suitable indicators for the
intended purpose, and the sub-questions are reviewed as criteria. The framework
mentioned in RQ 2 can be applied to Derome, but also companies within the same
sector.

1.3 Delimitations

This master’s thesis focuses mainly on three aspects, both related to Derome’s op-
erations. Firstly, Derome’s aim to measure their impact on ESs and biodiversity to
further report on it, is a delimitation since the focus is on their operations. Another
important delimitation is when developing indicators in RQ 3 it is for Goinge by
and Goingegarden only.



2

Topic Overview

This chapter presents an overview on ESs and biodiversity, relevant information re-
garding legislation on a national level and reporting demands on an international
level. The company Derome and the geographical area, where the case study is lo-
cated, is presented and the construction and building process in Sweden is described.

2.1 Ecosystem services & biodiversity

In this part, ESs and biodiversity are presented to gain insight of the importance of
these topics. Further, drivers for biodiversity loss and red listed species are described
as well.

2.1.1 Ecosystem services

ESs as a concept was first presented during the 1980s, addressing human dependency
on the natural environment (Muradian and Gémez-Baggethun, 2021). Nature and
ecosystems have an important role in sustaining human life and enhancing its qual-
ity, which is covered in the ESs concept (IPBES, 2019). The Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) formed in
2012, functions as an independent intergovernmental organisation with the purpose
to enhance the connection between science and policy within biodiversity and ESs
(IPBES, ndb). Nature provides essential elements for survival such as food, energy,
medicine, a variety of materials and genetic resources. Additionally, nature and
ecosystems actively regulates processes on Earth, contributing to the habitability of
the planet for various living organisms (IPBES,; 2019).

An ES is a type of service provided by an ecosystem due to its inherent functionality,
e.g. pollination, nutrient cycling and fruit-and seed dispersal (IPBES, 2016). ESs are
categorised into provisioning, regulating, cultural and supporting services depending
on the type of service provided (MA, 2005). Provisioning ESs are products obtained
from ecosystems e.g. food, fuel and freshwater. Further, benefits acquired from
regulations of ecosystem processes are called regulating services and include climate
regulation, disease regulation, water regulation and purification. Cultural services
are non-material benefits from the ecosystem e.g. spiritual and religious, aesthetic,
educational and cultural heritage. Lastly, supporting ESs are services provided by
the ecosystem which are necessary for the production of all other ESs for example
soil formation, primary production and nutrient cycling (MA, 2005). See Figure 2.1
for an illustration of the different types of ESs on land (NatureScot, 2023).



2. Topic Overview

BENEFITS

FROM
NATURE

Figure 2.1: Ecosystem services on land divided into the four categories (NatureScot,
2023). CC BY-NC 4.0

The ESs framework presents a particular worldview that has its foundation in mod-
ern Western culture, and the main theme is the society/nature division. A hierarchi-
cal division between nature and humans, where humans are not only separated but
above nature (Muradian and Gémez-Baggethun, 2021). ESs are crucial to humans
because they significantly impact human well-being, however, they do not directly
measure it. Although they are interconnected, ESs and human well-being are dif-
ferent entities. This is why it is essential to include ESs in the developed indicators,
even though they do not directly measure human well-being but rather provide an
estimation of its effects (Berghofer and Schneider, 2015).

Ecosystems and ESs are not the same, but interconnected (IPBES, 2019). ESs are
the direct and indirect contribution from the ecosystems which affects human well-
being. They are therefore a way to assess and measure ecosystems by looking at the
services they provide. The maintenance of ESs is important for the economy and
human society, hence concern about ecosystem’s protection must be raised (Mura-
dian and Gémez-Baggethun, 2021).

Nature’s Contribution to People (NCP) is a new and more inclusive term similar to
ESs. NCP recognises the central role of culture between humans and nature instead
of using economic terms as in ESs framework (Muradian and Gémez-Baggethun,
2021). The difference is that NCP includes both positive and negative contributions
that nature has on human well-being (Muradian and Gémez-Baggethun, 2021; Diaz
et al., 2018).

6



2. Topic Overview

2.1.2 Biodiversity

One important supporting ESs is biodiversity. Biodiversity, or biological diversity, is
according to Convention on Biological Diversity (CBD) defined as “.. the variability
among living organisms from all sources including, inter alia, terrestrial, marine and
other aquatic ecosystems and the ecological complexes of which they are part; this
includes diversity within species, between species and of ecosystems.” (CBD, 2006).
Environmental issues cause severe effects on the ecosystems on Earth which in turn
may alter the possibility and conditions of future life on Earth, see Figure 1.1,
where biodiversity, or biosphere integrity, is one of the planetary boundaries which
has exceeded its tipping point. This means that the system approaches collapse
which in turn will affect the environment and nature negatively (Richardson et al.,
2023). To ensure that the balance in nature is maintained, biodiversity is important
to preserve (EEA, 2020).

2.1.3 Drivers for biodiversity loss

Biodiversity loss is caused by multiple factors pressuring the balance of the ecosys-
tems further towards their tipping point. There are both direct and indirect drivers
which affect biodiversity loss, but in different modes of action. The direct drivers
are factors that in themselves are affecting biodiversity and the ecosystem (Jau-
reguiberry et al., 2022). Indirect drivers may reinforce the direct drivers, or other
indirect drivers, which in turn cause biodiversity and ecosystem alteration (Lazarova,
2017).

According to IPBES (2017), the direct drivers for biodiversity loss are “land-use
change, climate change, pollution, natural resource use and exploitation, and inva-
sive species”. Land-use change (LUC) and sea-use change are caused by expansion
in agriculture and urban areas and extraction of marine resources (Hald-Mortensen,
2023). With an increasing global population, urbanisation is predicted to expand
accordingly (Grimm et al., 2008). According to IPBES (2017), LUC is “..the major
human influence on habitats...”. LUC affects biodiversity in a shorter time-span
than climate change. Despite land-use altering biodiversity at a faster velocity, cli-
mate change is and will continue to affect biodiversity on a large scale. This argues
for focus being laid on multiple factors rather than solely prioritising the immediate

temporal driver.

Land-use in urban areas affects both the local and surrounding environment in
terms of exploitation leading to disturbances in ecosystems. Further, the building
materials used for the construction of the area result in effects on the ecosystem
and biodiversity at other locations (Jianguo Wu et al., 2014). There is a positive
correlation between societal and economic improvements and urbanisation, however
the environmental impacts are often negative as land is transformed into urban areas
and there is an increased need of raw materials for construction. “Urban Ecology”
has been introduced to the field and is defined as “The study of spatio-temporal
patterns, environmental impacts, and sustainability of urbanisation with emphasis
on biodiversity, ecosystem processes, and ecosystem services” (Wu, 2014). Thus, by
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implementing the concept of urban ecology into the planning, the negative impacts
of construction and living of urban societies on the environment can decrease.

2.1.4 Red listed species

Red listed species are a classification system created with the aim to give indica-
tions of a species status. Further, it is used by governmental bodies, NGOs and
businesses etc. to assist in the assessment of species and if preservation actions are
needed (SLU Artdatabanken, 2020). There are eight classifications on the species
in the red list which are (SLU Artdatabanken, 2020):

« Extinct (EX)

« Extinct in the wild (EW)

» Regionally extinct (RE)

« Critically endangered (CR)

« Endangered (EN)

« Vulnerable (VU)

o Near threatened (NT)

 Least concerned (LC) (SLU Artdatabanken, 2020).

Further, there are two categorisations for species that lack data or are yet to be
assessed. Threatened species are a type of classification in the IUCN Red list,
which is divided into three classifications: vulnerable species, endangered species
and critically endangered species (IUCN Standards and Petitions Committee, 2024).
See Figure 2.2 for an illustration of the IUCN’s red list categories.

All species

l

Evaluated

Adequate data

Threatened categories

bbae il

Not Data Least Near Vulnerable Endangered Critically  Extinct in Extinct
Evaluated Deficient = Concern Threatened Endangered the Wild

—

Increasing risk of extinction

Source: IUCN Red List

Figure 2.2: IUCN’s red list with the extinction risk according to nine different categories
(Dublin, nd).
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2.2 International agreements & directives related
to ESs and biodiversity

There are several international agreements and directives, mainly from the UN and
the EU, which have the overall aim of improving the environment. The agreements
and directives presented here are all addressing ESs, ecosystems and biodiversity.

2.2.1 International agreements

The SDGs were ratified by the UN and its member states in 2015. It consists of
17 goals including both social, economic and environmental objectives and includes
goals relating to biodiversity (UN, 2015). Goal 14 “Life Below Water” and Goal
15 “Life on Land” are directly related to preservation and protection of ESs and
biodiversity. Further, there is a correlation between preserving ESs and biodiversity
for achieving SGD 2 (Zero Hunger), SDG 6 (Clean Water) and SDG 13 (Climate
Action) (Saleh et al., 2024; UN, 2015).

Another international agreement is the GBF, initially the Post-2020 Global Bio-
diversity Framework. It was drafted in December of 2022 by the UN’s Environ-
ment Programme with the main vision and goal “By 2050, biodiversity is valued,
conserved, restored and wisely used, maintaining ecosystem services, sustaining a
healthy planet and delivering benefits essential for all people.” (CBD, 2022). Fur-
ther, the purpose with the GBF is to facilitate action, by implementing long-term
goals for 2050, towards halting biodiversity loss by including governments, munici-
palities and regions.

2.2.2 The European Green Deal

The European Green Deal (EGD) was approved in December 2019 by the European
Commission (EC) with the objective to reach climate neutrality within the EU bor-
ders by 2050 (European Council, 2023). It consists of a set of policies to set the EU
on the pathway towards a green transition. The EGD is also a type of an overarch-
ing policy framework to reach the goal of climate neutrality (Dupont et al., 2024).
Further, the EGD includes initiatives which address: climate, environment, energy,
industry, agriculture, transport and sustainable finance in a cross-sectoral effort to-
wards a sustainable future (European Council, 2023). Within the EGD, the aim is
also to decouple resource-use from economic growth by 2050 in key areas (Fetting,
2020). “Preserving and Restoring Ecosystems and Biodiversity” is one of the main
areas in the EGD, see Figure 2.3, which acknowledges ecosystems and biodiversity
as important where LUC, sea-use change, direct exploitation of natural resources,
and the impact of climate change are considered main drivers of biodiversity loss
(Fetting, 2020).
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Figure 2.3: The European Green Deal and its main areas (EC, 2019). CC-BY-4.0

2.2.3 EU Biodiversity Strategy for 2030

To reduce the degradation of the ecosystems and ensure that nature and its ecosys-
tems gets acknowledged in policy making, the EU created the “EU Biodiversity
Strategy for 20307 in 2021. It provides a framework consisting of multiple targets
and actions that the member states need to align with (EC, 2023a). The framework
consists of four pillars which aim to create plans leading to actions for improving
and protecting biodiversity until 2030 and are defined as (EC, 2023a);

o Pillar 1: Protecting nature in the EU
Pillar 2: Restoring nature in the EU

Pillar 3: Enabling transformative change
Pillar 4: A global biodiversity agenda (EC, 2023a).

The EU Biodiversity Strategy for 2030 encourages a wider and stronger protection
of habitats and species than previous legislation (EC, Directorate-General for En-
vironment, 2021). To ensure an increased protection of habitats aligned with the
framework, 30% of land and sea area require protection. A third of the area should
be covered by an even stricter preservation status, corresponding to 10% land and
sea area respectively.

2.2.4 The EU Birds and Habitats directives

To protect and preserve Europe’s vulnerable species and habitats there are two di-
rectives from the EU, each addressing one of these categories (EC, 2015). The Birds
Directive was adopted in 1979 and has the objective to protect all wild birds and
their habitats in the EU. The Habitats Directive was adopted in 1992 and expanded
the scope of the Birds Directive to another 1000 rare, threatened, or endemic species
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of wildlife and flora, commonly known as species of European significance. The two
directives have overall the same aim, to safeguard species and habitats, which is
why they are referred to as one (EC, 2015). The species and habitats which are
protected through the directives are supposed to be restored to a “favourable con-
servation status throughout their natural range within the EU” according to the
European Commission (2015).

2.3 Sustainability reporting: CSRD & ESRS E4

Reporting on the environmental impact that a company has was initiated in the
1980s whilst social impacts and responsibility was reported upon in the 1960s
(United Nations Environment Programme, 2019). To ensure the use of common ter-
minology when reporting on impacts, the Global Reporting Initiative (GRI) among
others was established in 1997, becoming the most widely adopted standards or-
ganisation. GRI includes different standards including universal, sector-specific and
topic standards (GRI, nd). However, reporting according to the GRI standards is
voluntary leading to many companies lacking sustainability reports.

2.3.1 CSRD

As a part of the EGD, the EC developed the CSRD from the former directive, the
Non-Financial Reporting Directive (NFRD) estabilsed in 2014 (EC, 2023b). CSRD
is a standardised format for corporate sustainability reporting and it came into
power in January 2023. In addition, CSRD is a consolidated version of the NFRD
since it was no longer adequate to achieve the goals of the European Green Deal
(Odobasa and Marosevi¢, 2023). Consequently, this new directive is more thorough
since it ensures reporting that is more comparable, trustworthy and includes relevant
data regarding risks and opportunities across various dimensions of sustainability
(Odobasa and Marosevi¢, 2023). It expands the scope of sustainability reporting by
including all large companies that meet the criteria (EC, 2023b):

o Have more than 250 employees
o At least €40 million in turnover
o At least €20 million in total assets (EC, 2023b).

Further, CSRD also includes Small and Medium-sized Enterprises (SMEs), which
the former directive, NFRD, did not (EC, 2023b). CSRD’s application is mandatory
from the fiscal year 2024 meaning that the reports will be published in 2025. The
published corporate sustainability reports will be made available to the public with
the intentions that individual businesses will gain a clear insight of their own impact
in all aspects of sustainability (Odobasa and Marosevi¢, 2023). The reports will be
advantageous for customers, investors, Non-Governmental Organisations (NGOs),
policy-makers and for the EU and can be used to compare the progress of the com-
pany. When viewing the results from the reports, the development and progress can
be monitored. The goals to be achieved are outlined in the SDGs, the Paris Agree-
ment, the EGD and other delegated acts which aims to transition into a sustainable
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future (Odobasa and MaroSevi¢, 2023).

According to CSRD, the companies have to report in line with the European Sus-
tainability Reporting Standards (ESRS) and an accountant from a audit firm needs
to revise it (EC, 2023b). The report has to be third-party assured and the audit
firms are allowed to apply national assurance standards. Auditors must fulfill cer-
tain criteria beyond the educational qualifications mandated by the Audit Directive
2006/43/EC to conduct assurance engagements for sustainability reporting. The
assessment of professional competence is intended to ensure that they have the re-
quired theoretical knowledge and can apply this knowledge (Accountancy Europe,
2023). Further, it is the independent body of the European Financial Reporting
Advisory Group (EFRAG) who developed these standards that were published in
December 2023 (EU, 2023). There are in total 13 ESRS that cover all sustainability
issues and ESRS E4 specifically covers ecosystems and biodiversity, see figure 2.4.

ESRS 2
General, strategy, governance and materiality
assessment disclosure requirements

ESRS 1

General principles

ESRS E1 ESRS E2 ESRS E3 ESRS E4 ESRS E5
Climate change Pollution Water and Biodiversity and Resource use and
marine resources ecosystems circular economy
ESRS S1 ESRS 52 ESRS S3 ESRS S4
Own workforce Workers in the value Affected communities Consumers and end-
chain users
ESRS G1 ESRS G2
Governance, risk management and internal Business conduct
controls
Appendix | | |Appendix Il | [AppendixIil} | Appendix IV| | AppendixV| |Appendix IV
Navigating CSRD SFDR Adverse TCFD and IERS S1+2 / Acronyms and
the ESRS Requirements Impacts in the ESRS reconciliation ESRS reconciliation glossary terms
ESRS table table

Figure 2.4: The 18 ESRS, where the ESRS Ej addresses biodiversity and ecosystems
and is highlighted in green. Based on and modified from EFRAG & Raad voor de Jaarver-
slaggeving (2022). CC BY-NC 4.0

The ESRS covers five different areas of sustainability. The Environmental Standard
cover: climate, pollution, water and marine resources, biodiversity and ecosystems,
resource use and circular economy (EU, 2023). The different environmental stan-
dards are interconnected since nature and environment consist of systems that are
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all dependent on each other. These interactions are between ESRS E4 and; ESRS
E1 (Climate change), ESRS E2 (Pollution), ESRS E3 (Water and marine resources)
and ESRS E5 (Resource use and circular economy) (EFRAG, 2023).

2.3.2 ESRS E4

Reporting on a company’s impacts on biodiversity and ecosystems has not been
mandatory prior to the upcoming legislative reporting demand that is CSRD, and
ESRS E4. The Disclosure Requirements states what type of information and data
that the companies should include in their report (EFRAG, 2023). There are in
total three categories within the ESRS E4: Strategy, Impact, risk and opportunity
management and lastly Metrics and targets and a total of eight disclosure require-
ments:

« ESRS E4-1
« ESRS 2 SBM-3
« ESRS 2 IRO-1
« ESRS E4-2
o ESRS E4-3
« ESRS E4-4
« ESRS E4-5
« ESRS E4-6

There are disclosure requirements from ESRS 2 included in the ESRS E4 since it
includes “General, strategy, governance and materiality assessment disclosure re-
quirements” meaning it is more general. The aim of the requirements in ESRS E4 is
to ensure that companies, within their sustainability reporting, provide clear infor-
mation on: their impact on biodiversity and ecosystems and the measures taken by
the company to prevent or mitigate negative impacts, and to safeguard and restore
biodiversity and ecosystems, as well as to manage associated risks and opportunities
(EFRAG, 2023). Further, the company’s strategies and ability to adapt its busi-
ness model including notable risks, dependencies, and opportunities linked to the
company’s biodiversity and ecosystems, along with how they are managed should
be disclosed in the sustainability reports. The financial implications of significant
risks and opportunities stemming from the company’s effects on, and reliance on,
biodiversity and ecosystems, which may affect the company over the short, medium,
and long term should be included (EFRAG, 2023). To summarise, the aim of the
Standard is to comprehend the impacts on biodiversity and ecosystems, both posi-
tive and negative, and the potential contributions to the drivers of biodiversity loss
and ecosystem degradation (EFRAG, 2023). Further, any mitigation or prevention
actions for biodiversity loss and ecosystem degradation is also important to under-
stand. ESRS E4 mentions the importance of addressing possible actions being taken
in relation to the mitigation hierarchy which can be seen in Figure 2.5.
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N
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Avoidance

Figure 2.5: Mitigation hierarchy. Illustration based on EFRAG (2023) and made by
authors. CC BY-NC 4.0

Further, the corporation should align its strategy with EU-directives, and UN goals
and targets. Both dependencies and opportunities related to ESs and biodiversity
and how these are handled and the financial effects from the dependencies and im-
pacts are included in the goals of this Standard (EFRAG, 2023). This Standard
mandates organisations to disclose information about their impact on terrestrial,
freshwater, and marine habitats, biodiversity within and between species, ecosys-
tem diversity, and their interactions with indigenous peoples and other affected
communities, according to the CBD’s definition of biodiversity. For an overview of
ESRS E4, see Table 2.1.
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Table 2.1: An overview of the Disclosure requirements in the ESRS FE4, and a short
description of what each entails (EFRAG, 2023; Deloitte, 2024).

Category ESRS Disclosure Requirement

Strategy E4-1: Disclose information on how the impacts on biodiver-

sity and ecosystems, dependencies, risks, and opportunities
arise from and the adaptation of its strategy and business
model.
E2 SBM-3: The company is required to provide a compi-
lation of significant operational sites within its operations
and disclose any adverse effects on regions having delicate
biological diversity, along with their impacts and interdepen-
dencies. Additionally, it must assess the ecological condition
of these areas and pinpoint those harbouring sensitive bio-
logical diversity.

Impact, risk and oppor- E2 IRO-1: Explanation of procedures for recognising and

tunity management evaluating important impacts, hazards, interdependencies,
and potentialities concerning biodiversity and ecosystems.
E4-2: The company’s strategies for addressing substantial
impacts, risks, interconnections, and potential benefits asso-
ciated with biodiversity and ecosystems.

E4-3: The measures implemented by the company concern-
ing biodiversity and ecosystems, along with the resources
appointed for their execution.

Metrics and targets E4-4: Objectives established by the company for biodiver-
sity and ecosystems.
E4-5: Indicators of the company’s significant effects on bio-
diversity and ecosystems.
E4-6: Anticipated financial outcomes from significant risks
and opportunities linked to biodiversity and ecosystems.

The ESRS E4-1 titled “Transition plan and consideration of biodiversity and
ecosystems in strategy and business model” belongs to the first category: Strat-
egy (EFRAG, 2023). The aim is to facilitate the comprehension of the resilience
in the business strategy and the company’s strategy should be described in terms
of the resilience of the strategy and business model both in relation to biodiversity
and ecosystems (EFRAG, 2023). In total there are two Disclosure Requirements in
the Strategy category, and the other one is called ESRS E2 SBM-3: “Material
impacts, risks and opportunities and their interaction with strategy and business
model” (EFRAG, 2023). Identifying the impacts and dependencies to the ecological
status of the areas and negative impacts in relation to land degradation, desertifi-
cation and soil sealing. Lastly, it should be included if the sites affect threatened

species (EFRAG, 2023).
The next category called Impact, risk and opportunity management includes
firstly the Disclosure Requirement which is ESRS E2 TRO-1 called “Description

of processes to identify and assess material biodiversity and ecosystem-related im-

15



2. Topic Overview

pacts, risks, dependencies and opportunities” (EFRAG, 2023). A scenario analysis
regarding ecosystems and biodiversity can be included to identify and assess the
risks in different time horizons. The company has to disclose if its sites are located
near a bio-sensitive area, and if its activities negatively affect these areas. If there
have been biodiversity mitigation measures implemented according to several Direc-
tives from the EU, this should also be included. Next, the Disclosure requirement
ESRS E4-2 with the title “Policies related to biodiversity and ecosystems” is also
included in the same category (EFRAG, 2023). In general, it states that the policies
implemented by the company concerning biodiversity and ecosystems, along with
the resources designated for their execution should be conveyed. The aim with it
is to understand the extent of the company’s effort in addressing biodiversity and
ecosystems with regards to policies and action (EFRAG, 2023). “Actions and re-
sources related to biodiversity and ecosystems”, ESRS E4-3, has the goal for the
company to realise the key actions, both planned and taken, to reach targets and
objectives regarding biodiversity and ecosystems. Furthermore, the aspects of biodi-
versity offsets in action plans should be disclosed including the aim, financing effects
and a thorough description of the offsets (EFRAG, 2023).

The category is Metrics and targets and includes three Disclosure Requirements:
ESRS-E4-4, ESRS E4-5 and ESRS E4-6. Firstly, the ESRS-E4-4 with the title
“Targets related to biodiversity and ecosystems” has the purpose of disclosing how
the adopted targets can reinforce the policies related to biodiversity and ecosys-
tems, and highlight the important impacts, dependencies, risks and opportunities.
Further, the company should include information on ecological thresholds and al-
location when creating goals. References to both the GBF and relevant aspects of
the EU Biodiversity Strategy for 2030 have to be disclosed as well. ESRS E4-5 is
defined according to EFRAG (2023) as “Impact metrics related to biodiversity and
ecosystems change” with the objective of emphasising the performance of a com-
pany concerning substantial impacts on biodiversity and ecosystems. Data points
related to the identified sites located near or in biodiversity-sensitive locations if the
company directly contributes to the impact drivers of LUC, freshwater-use change
and sea-use change have to be disclosed (EFRAG, 2023). Finally, the Disclosure
Requirement ESRS E4-6, called “Anticipated financial effects from material biodi-
versity and ecosystem-related risks and opportunities” is an exception since the first
year of reporting, the company does not need to disclose this information (EFRAG,
2023).

2.4 Swedish residential development process

In Sweden, several legal documents and assessments guide the process from land
to the development of a residential area. This process involves legislation such
as the Swedish Planning and Building Act (Plan och bygglagen in Swedish) and
the Swedish Environmental Code (Miljobalken in Swedish), as well as assessments
like the Strategic Environmental Assessment (SEA, Strategisk miljobedémning in
Swedish), Natural Value Inventory (NVI, Naturvirdesinventering in Swedish), and
Environmental Impact Statement (EIS, Miljokonsekvensbeskrivning in Swedish).
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Furthermore, the process involves various stakeholders, including the municipality,
companies, locals, governmental agencies and consultancies.

2.4.1 Municipal comprehensive planning process

The municipality needs to make a comprehensive plan for the whole municipal area
with the aim to show how the land and water should be used in the long term
(Boverket, 2024). The comprehensive plan should be updated every 10th year to
stay current (M. Johansson, personal communication, 23 February, 2024). The
Swedish Planning and Building Act states what should be included and how the
process to create a comprehensive plan looks like (Boverket, 2023). The Swedish
Planning and Building Act was implemented in May 2011 with the aim to ensure a
sustainable living environment within Sweden including the environmental impacts
of the construction, societal and economic aspect (SE'S 2010:900, 2010a).

Further, a SEA is conducted to identify and evaluate the potential environmental
impacts of the comprehensive plan, and is included in this process of creating it ac-
cording to the Swedish Planning and Building Act. It is stated in the The Swedish
Environmental Code on how this assessment should be done. The Swedish Environ-
mental Code, was established in 1999 with the aim to ensure both inter- and intra-
generational equity regarding the environment and human health (Naturvardsver-
ket, ndb). It covers all of the activities and projects impacts on the environment
and does not distinguish between business-related and private activities. EU di-
rectives regarding sustainability are incorporated into the Swedish Environmental
Code (Naturvardsverket, ndb; EC, 2015; EC, Directorate-General for Environment,
2021). More details about the Swedish Environmental Code is in Appendix A.3.

2.4.2 Permission process for initiation of construction

Before a company initiates the construction process on a certain area, permission is
needed. To generate more information regarding the land, a detailed comprehensive
plan is created by the municipality from the municipal comprehensive plan (Bover-
ket, 2024). A detailed comprehensive plan is a development plan in a smaller area in
the municipality, and contains more details about the development of the land and
water. This plan has a smaller geographical scope which results in a more detailed
description of cause-and-effect chains. This includes doing both a NVI and an EIS
of the area, to assess the status of nature and the effects on the environment. The
EIS should include the state of the environment in the area and possible impacts
that the project might have (SFS 1998:808, 6 ch. 11§). It is the business practi-
tioner who is responsible for conducting an EIS. The consequences and effects of a
project should be included in the EIS (Ryegard and Akerskog, 2020). A NVIis a
report of the quality of the area, regarding biodiversity and natural value, and is
done according to the SIS-standard (Boverket, 2021).

Similar to the comprehensive plan, the detailed comprehensive plan is not legally
binding but should be viewed as material used when constructing the detailed de-
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velopment plan. After these plans are developed and read, the company decides if
they want to invest in buying the land (M. Johansson, personal communication, 23
February, 2024). The purchase of the land is then followed by the company handing
in a planning notification to the municipality which then decides if the company
is permitted to build on the land. If the planning notification is approved by the
Building Committee, a time frame is given which explains when the project can be
initiated. The planning process can take up to two to four years which includes
the process of the municipality, together with the company, to construct a detailed
development plan. The detailed development plan includes processes such as con-
sultation of relevant actors, reviewing and adopting of the plan. The process of
adopting a detailed development plan, enables parties such as the Swedish Trans-
port Administration (Trafikverket in Swedish), the county administration or private
persons, to appeal. If no appeal is handed in, the detailed development plan comes
into force within approximately four weeks. The company then appeals for building
permits which is followed by selling off the residential plot, construction of the res-
idential buildings and lastly access is given to the buyers (M. Johansson, personal
communication, 23 February, 2024).

2.4.3 Natural Value Inventory

In most cases, the municipality includes a NVI in the detailed development plan
with the aim to map the status of nature in that area, and provide important infor-
mation about the area. NVI’s are often used as a basis for EISs (Boverket, 2021). It
is a report of the quality of the area, regarding biodiversity and natural value, and
is done according to the SIS-standard by consultants who often are ecologists. How-
ever, it is not considered a sustainability report since it is not used by companies or
authorities to assess their impact on nature. The inventory can be done with varying
levels of detail but should entail information on the type of biotope which can act
as a base for mapping and analysing the ESs (Boverket, 2021). The NVIs should
include assessments on the value of nature in the area which ranges from one to four,
where one indicates a high natural value and four some natural value. There are
classifications between five and seven but these are rarely included in the inventory
due to them being classified as having a low or even negative contribution to biodi-
versity or natural value. The different classifications include assessments regarding
conservation species, red listed species and assessments regarding the value of that
area in terms of biodiversity on both regional, national and global level. The highest
natural value (nature valuation class 1) entails that the area has a very significant
importance for biodiversity and the lower the classification, the lower natural value
(Boverket, 2021).

In Sweden, there are seven different types of general Biotope protection areas that
are legally protected which are (Naturvardsverket, 2023):

« lines of trees
e springs with surrounding wetlands in agricultural areas

o willow banks
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o small watercourses and wetlands in agricultural areas

« stone fences in agricultural areas

« small stands of trees and bushes or rocks in the midst of a field (Naturvardsver-
ket, 2023).

The reason for legally protecting these areas is their specific importance for preserv-
ing biodiversity in Sweden. Further, the Biotope protection areas enable Sweden to
reach international and national goals stated by the CBD and the Swedish Parlia-
ment (Naturvardsverket, 2023). These seven areas are decided upon by the Swedish
government and are valid in all of Sweden. However, the municipalities and county
administrations have the authority to characterise the area with additional biotope
protection areas. In the geographical context of Sweden, these seven protection ar-
eas are important for biodiversity (Naturvardsverket, 2023). Information regarding
this can be found in the NVI for each area.

2.5 Indicators & frameworks

According to IPBES, indicators can be defined as “.. a simple, measurable and
quantifiable characteristic or attribute responding in a known and communicable
way to a changing environmental condition, to a changing ecological process or
function, or to a changing element of biodiversity” (IPBES, nda). In connection
to this, frameworks can be used to identify indicators. A conceptual framework
can be defined as a way too “simplify thinking, structure work, clarify issues and
provide a common reference point” (Potschin-Young et al., 2018). There are many
connections between indicators and conceptual frameworks which can be utilised for
identifying indicators, and this will be presented here.

2.5.1 Indicators

Since indicators help monitor and mirror the trends occurring in nature in a holistic
manner, they have become valuable for policymakers. However, it is difficult for
policymakers to grasp the meaning of the indicators since indicators might be com-
plex, many and there exists such a variety of them. The main aim of environmental
indicators are communication, producing information on the current issue they are
monitoring (Gabrielsen and Bosch, 2003). Communication with policymakers re-
quires simplifying the data to make it understandable, indicators can be used. In
other words, environmental indicators are a simplification of a complex reality and
usually focus on individual aspects, one at the time. According to the European
Environmental Agency (EEA) and Gabrielsen and Bosch (2003) there are four pur-
poses of environmental indicators:

e To supply information on environmental problems, in order to enable policy-makers
to evaluate their seriousness;

e To support policy development and priority setting, by identifying key factors that
cause pressure on the environment;
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e To monitor the effects and effectiveness of policy responses, and

e To raise public awareness on environmental issues. Providing information on driv-
ing forces, impacts and policy responses is a common strategy to strengthen public
support for policy measures (Gabrielsen and Bosch, 2003).

However, when using indicators there is always a risk of missing important aspects of
the issue in question. Since the indicators only demonstrate the parts of the reality it
is supposed to, there is a risk of misleading results (Meadows, 1998). Indicators can
be developed with the help of frameworks, to assess the relations between human
activities and the environment. One example used by the EEA is DPSIR due to its
simplicity and applicability of communicating environmental trends with the help
of indicators (Gabrielsen and Bosch, 2003).

2.5.2 Evaluation of indicators

When creating indicators to assess a situation, it is important that the indicators
are evaluated to make sure they fit. In the framework PICABUE, its last step, the
evaluation step, covers this. PICABUE is a framework to develop indicators that
concerns sustainability and consists of seven steps (Mitchell et al., 1995). The eval-
uation step is where the final sustainability indicators are reviewed (Mitchell et al.,
1995). In this particular step there are eight areas to cover:

Relevance and scientific validity

Sensitive to change across groups

Sensitive to change over time

Consistency of data

Comprehensible

Appropriate data transformation

Measurable data

Possible targets or threshold values (Mitchell et al., 1995).

P NG OUE WD

A similar, but more simple evaluation method is presented in Brown et al. (2014)
and are as follows:

e Relevant to the user’s needs.

e Understandable — conceptually how the measure relates to the purpose, in its
presentation and in the interpretation of the data.

o Useable - for measuring progress, early warning of problems, understanding
an issue, reporting, awareness raising etc.

o Scientifically sound — an accepted theory of the relationship between the in-
dicator and its purpose, with agreement that change in the indicator does
indicate change in the issue of concern and that the data used is reliable and
verifiable.

« Sensitive to relevant change/issues.

o Practical and affordable — to ensure its continued use and in this way improve
the rigour of the indicator as longer time series are collected (Brown et al.,
2014).
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The first criteria is related to the purpose, the user and the intended audience of
the indicator. The second criteria touches upon that the indicator must be under-
standable for the one who is creating the indicator, to the extent that the person
can put the indicator into context. With context, it is meant that the indicator
can be connected to other environmental issues and explained to show its intercon-
nectedness (Brown et al., 2014). The third criteria includes evaluations regarding
if the indicator can be measured or not and whether data regarding the indicator
is available. The availability of data can vary between different actors, and avail-
ability to data is connected to access to knowledge (Brown et al., 2014). To give
an example, a consultant might be needed for executing this and depending on the
economics for an actor, this can be more or less difficult. Further, the results of
the measurements must also give information regarding possible changes in nature
to monitor the impacts and its effects on nature. Lastly, the fourth criteria entails
the importance of using indicators that are well established to ensure the validity
(Brown et al., 2014). This can be achieved through either using governmental data
and research about the topic or use established literature.

2.5.3 Conceptual frameworks

The creation of a conceptual framework is considered to be the first step in ecosys-
tem assessment. Examples of conceptual frameworks within the area of ESs and
biodiversity are DPSIR and ecosystem services cascade (EEA, 1999; Zhang et al.,
2022). DPSIR is used for framing and assessing environmental issues, and is widely
recognised in research. Further, there are frameworks which are methodological, e.g.
PICABUE (Mitchell et al., 1995), which aims at measuring ecological integrity with
a variety of spatial and geographical scales. Depending on the purpose of using a
framework, different frameworks will be a better fit than others.

2.5.4 DPSIR

To measure and assess changes and state in nature and the environment, the Eu-
ropean Environment Agency (EEA) developed the causal DPSIR framework (EEA,
1999). The primary objective of the framework was to offer its audience, which was
first aimed at policymakers, an understanding of environmental impacts. Further,
the framework aims at capturing the issues in a holistic manner including the mul-
tiple feedback loops that an environmental issue constitutes of (Moss et al., 2021).
The DPSIR framework is iterative and the relations between the components is
described in figure 2.6.
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Drivers
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Figure 2.6: The DPSIR framework. Modified from EEA (1999) and made by the authors.
CC-BY-4.0

Drivers refer to the social, demographic and economic shifts within society which
consequently influence changes in lifestyles, overall consumption levels, and pat-
terns of production. Driving forces in this sense are the root causes in society which
bring significant changes to the environment (EEA, 2003). Pressure indicators de-
fine the change in dispense of emissions, both biological and physical agents, and
the allocation of land resulting from human activities. In other words, the human
activities which can affect the environment in this case. Next, the state changes
indicators provide a description of physical, biological and chemical phenomena in
a specific area. These descriptions of the states in the area are related to the pres-
sures mentioned, and what these pressures could lead to. These pressure changes
cause effects, impacts, on the functions on the environment, including human and
ecosystem health, depletion of manufactured capital, the availability of resources
and biodiversity (EEA, 2003). Impacts in this perspective are the consequences of
the state changes, and what different repercussions it can lead to. One impact can
be linked to several state changes. The responses encompass the actions undertaken
by various societal groups, governmental efforts with the objective to prevent, com-
pensate, improve or adapt to changes in the environmental state. These actions
could be directives, legislation or investments that are based on the effects on the
environment (EEA, 2003).

According to Moss et al. (2021), using the DPSIR framework is suitable for assessing
effects on ecosystems and biodiversity decline on both a larger and smaller scale,
both globally and nationally. Since most of the drivers for biodiversity decline and
disturbances on ESs are related to societal and economic factors, it is important to
consider these with the aim of understanding the causes and responses to increase
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the compatibility when using it for assessing ecosystem and biodiversity (IPBES,
2019).

2.6 Introducing Derome, Goinge by & Goingegar-
den

This section introduces Derome and their operations in Varberg known as Goinge
by and Goéingegarden. It also includes maps, NVIs, and EISs of the area.

2.6.1 Derome

Derome was founded in 1946 in Sweden and is a family-owned company within the
construction and building sector (Derome, 2023b). Derome has the whole value chain
from forest to finished houses and products. As of 2022, the Derome Group reported
a total turnover of 12.1 billion Swedish crowns and employed 2614 individuals (Alla
Bolag, 2023). Due to its size, Derome is obliged to report in accordance with the
CSRD directive, although compliance will commence from 2025 due to its non-listed
status as of 2024 (A. Carlsson, personal communication, 23 February, 2024).

2.6.2 Goinge by & Goingegarden

Goinge by and Goingegarden are developing into a residential area, under Derome’s
direction, located north of Varberg in the county of Halland, southern Sweden. Var-
berg municipality, located on the coast, is home to approximately 68 000 residents
(Varbergs Kommun, 2023). The project was initiated in 2008, with Goingegarden
completed in 2020 and Goinge scheduled for completion in 2025-2026 (Derome, ndb;
Derome, nda). The development consists of approximately 1400 residential housing
and includes properties of apartments (both rentals and ownership), semi-detached
and detached houses. Prior to Derome’s operations, the area consisted mainly of
agricultural land and apple orchards. This has been preserved to some extent in the
current residential area where the orchard acts as a social area. For an overview of
the area see Figure 2.7.
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Figure 2.7: Map over the area including both Gdinge by and Gdéingegarden (M. Johans-
son, personal communication, 10 April, 2024). Published with permission by Derome.

According to an EIS conducted by Ramboll in 2016, potential impacts of the project
on the surrounding environment include effects on birds and human health. The
prior area included fields which are important habitats for birds, including red-
listed species, that were assessed to be impacted negatively. Surrounding Natura
2000-areas may be affected negatively due to the project’s impact on storm water
flow in Himlean. Lastly, the construction of a bridge over Himlean is expected to
have a large negative impact on surrounding nature. This area is classified with
a high natural value classification which increases the severity of the impacts on
this area. It is also assumed that the construction will lead to increased traffic low
leading to even further disturbances on the surrounding (Lindved, Hakan, 2016).

The results from the NVI for the area shows that there are ten areas that were
identified as important for biodiversity which can be seen in Figure 2.8 (Sorensen,
2015).
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Figure 2.8: Results from the NVI at Gdinge by (Sorensen, 2015). Published with per-
mission by Varberg Kommun.

Further, according to Soérensen (2015) in the NVI about Sédra Trénninge, including
Goinge by and Goingegarden the most important remarks are:

e The construction site is located on agricultural land
» Ten areas have been assessed according to the SIS-standard and given a natural
value
« Seven biotope protection types have been identified
— The seven biotope protection types have an assigned natural value
» 15 conservation species have been identified: including signal species, red-listed
species and protected species (Sorensen, 2015).
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This section outlines the approach taken to address the RQs and answering of the
aim. The collaboration with Derome acts as a cornerstone, with the company’s need
for knowledge gathering about CSRD, ESs and biodiversity within their operations.
The method consists of explanation regarding the:

Data collection of secondary and primary data
— Literature study
— Framework & indicator search
— Interview study with employees at Derome
— Personal communication

e The combined framework DPSIR-E

Case study of Goinge by and Goingegarden

e Delimitations

Both Swedish and English sources were used throughout the working process due to
the geographical scope of the masters thesis.

3.1 Data collection

Both secondary and primary data were collected throughout the process. A litera-
ture study was conducted to collect secondary data including legislation, framework
and indicator searches. An interview study and personal communication were con-
ducted to gather primary data.

3.1.1 Literature study

The literature study served two main purposes: generating information regarding
the scope and background, and collecting secondary data to address the RQs. Ini-
tially, reports, articles and the master’s thesis written by Andréasson (2023) was
used for identification of relevant references related to the field of ESs, biodiversity
and sustainability reporting. Regarding legislation, the different directives and leg-
islation are often interconnected which resulted in the identification of additional
legal documents relevant for this case. See Table 3.1 for an overview of the main
types of searches included in the literature study, the search engine used and the
main search words used for each type of search. For an overview of all search words,
see Appendix A.1.
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Table 3.1: The type of search, search engines and key search words are displayed to
summarise the literature study.

Type of Search Search Engine Main Search Words
Background Google Scholar, Scopus  biodiversity, ecosystem services,
drivers and biodiversity loss
Legislation Google, Governmental Miljobalken, Sveriges miljomal,
agencies, FEuropean Plan-och bygglagen, European
Commission green deal, EU biodiversity strat-
egy, Nature restoration law,

EU taxonomy, CSRD, ESRS,
Kunming-Montreal Global Biodi-
versity Framework and EU Birds
and Habitats directive

Frameworks Google scholar, Scopus, frameworks, indicators, environ-
EEA, the EU mental indicators, DSPIR, PI-

CABUE, ecosystem service cascade

Indicators Google scholar, Sco- indicators, ecosystem service indica-

pus, Municipalities, le- tors, land-use change, land cover,

gal documents, websites land degradation, emissions, crop
production, biodiversity, water reg-
ulation, human health, recreational
ecosystem services, local climate
regulation, food security and species
richness

Boolean operators such as “and” and “or” were used. Further, the snowballing

method was used to identify additional sources, utilising references from the found
articles and reports. Mainly Science and Nature were used and these provide peer-
reviewed articles. The selection of articles was further based on the number of
citations with a minimum of 20. However, newly published articles from 2024 did
not have citations due to recent publication.

3.1.2 Framework & indicator search

To answer RQ 2, different frameworks were reviewed to determine what would be
the most suitable. This was done by an initial search of different frameworks which
can be seen in Table 3.1. The framework had to have a connection to sustainability
and developing indicators from it, which limited the search. Literature, reports
and websites containing indicators for ESs and biodiversity were found and utilised
since these were established (Peh et al., 2022; Varberg Kommun, 2023; Berghofer
and Schneider, 2015; CBD, 2020).

3.1.3 Interview study

Primary data collection involved qualitative semi-structured interviews with employ-
ees at Derome working with subjects related to sustainability. The main aim was
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to create an understanding of the context of Derome’s operations. Semi-structured
interviews were chosen to ensure that relevant information and data was generated
while allowing flexibility for emerging topics (Kallio et al., 2016). The interview
script was created based on the RQs and the initial phase of the literature study,
see Appendix A.2 for the interview questions. Five persons with different positions,
all related to sustainability, within Derome were interviewed in order to collect a
comprehensive image of the knowledge and current work on biodiversity and ESs.
The employees that were interviewed were chosen by the Sustainability manager
at Derome AB since the person had the most insight into the employees and their
knowledge regarding ESs and biodiversity. The interviewees had different positions
within the company which are: Project Developer at Derome Bostad, Sustainability
Manager at Derome Bostad, Contract Manager at Derome Bostad, Project Manager
CSRD at Derome AB and Sustainability Director at Derome AB. Before conducting
the interview, the interviewee was asked for permission to record the conversation.

To ensure that information generated during the interview was remembered, the
interview was recorded on Microsoft Teams. After the interview, the recording was
transcribed using the live transcription tool in Microsoft Teams. To ensure that the
transcribing tool worked sufficiently, the transcriptions were read through whilst lis-
tening to the recording and possible errors were corrected. Further, the interviews
were reviewed and approved by Derome before an analysis of the content was made.
The identity of the interviewee was not published to preserve their anonymity. To
ensure that the material would not be accessed by a third party, the recording was
done on a computer without connection to online storage. Lastly, the interviews
were held in Swedish since all participants spoke Swedish and wanted to speak their
native language. Since the interviews were held in Swedish, answers or quotes were
translated to English by the authors when cited.

The transcribed interviews were analysed thematically with the aim to identify pos-
sible patterns or contradictions within the material. The analysis was done through
an inductive process where the material was read through simultaneously whilst
colour coding to create structure (Braun and Clarke, 2021). All the codes are cre-
ated depending on the material, finding common subjects and opinions for example
ESs, biodiversity, sustainability reporting and building sector. After the transcrip-
tions were coded, and all the codes were placed into created themes with the aim
to generate further structure of the material and to identify possible patterns. The
themes are broader than the codes, and several codes usually fit into one theme for
example transparency about reporting ESs and biodiversity, sustainability reporting
demands, difficulties using indicators and the framework and knowledge creation.
This step was followed by refinement of the created themes with the aim to collect
the information needed from the interviews to answer the research questions. With
refinement it is meant that either the theme were changed or that the codes included
were changed. All of these steps were iterative, since refinement were done at several
occasions.
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3.1.4 Personal communication

In addition to interviews, primary data was collected through personal communica-
tion. This included visits to Derome’s office in Varberg for meetings with supervisors
and employees, as well as online meetings and through email. Meetings were con-
ducted where questions about Derome’s operations, and about specific information
about Derome which could not be found were asked. Several informal interviews,
with an ecologist from the municipality of Varberg, provided further insights on how
the municipality co-operates with Derome and also about which indicators that are
suitable. Written communication like emails containing relevant information e.g.
NVIs, EIS’s and videos were also utilised in the personal communication.

3.2 The combined framework DPSIR-E

To facilitate creation of indicators for biodiversity and ESs, a framework called
DPSIR-E was created by combining the already existing framework, DPSIR, with
other frameworks and literature to make it tailored for Derome’s purpose (Berghofer
and Schneider, 2015; Brown et al., 2014; Mitchell et al., 1995). DPSIR was cre-
ated for slightly different purposes previously by the EEA including policy-making.
Therefore it was necessary to find articles using DPSIR for developing indicators
for measuring ESs and biodiversity. The main criteria for these articles was that
DPSIR had to be used for developing environmental indicators to get inspiration for
the combined framework. Three additional components; intended actors, purpose
and an evaluation step were incorporated into the framework. These steps were
included in the frameworks to create further understanding of the context of the
situation and to make the indicators suitable.

The key article used for inspiration for incorporating actors, users and receivers,
purpose and addressing data collection was by Berghofer and Schneider (2015).
After consideration and deliberation, the decision to make a general framework
with a step-by-step guide including guiding questions was made because it makes it
more applicable.

3.2.1 Identification of indicators

The aim of DPSIR-E was to develop suitable indicators about ESs and biodiversity.
It was a general framework which could be customised to a certain project or opera-
tion to develop indicators for ESs and biodiversity. Identifying the indicators using
DPSIR-E was done by using the eight steps as illustrated in Figure 3.1.
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Step 8: Evaluation step

1. Isthe indicator relevant to meet the need of the user? Who will develop the indicators and who is
2. Is the indicator understandable? the intended audience?
3. Is the indicator usable in a sense that it is measurable,

and does it show meaningful results? 01

4. Is the indicator scientifically valid in a sense that the
indicator is correlated to the impact it is designed to
measure in a widely accepted manner? 08

What specific objectives are the framework
02 aiming to achieve by using the indicator?

DPSIR-E
Developing indicators for ESs and
biodiversity. Ste p 3 . D rive rs
. By answering these questions,
Ste p 7 . ReS pOnSES 07 quantifiable indicators from the 03 What is the underlying reason(s) for

answers (step 3-7) can be conducting the project?
What possible adaption and mitigation identified with a holistic view.
strategies, or measures, can be taken to

reduce the negative impacts?

06 04
Step 4: Pressures
05 What kind of pressures are created by the
What impacts does the state changes have driver(s)?

on the environment?

What type of environmental state does the
pressures cause?

Figure 3.1: An illustration of the combined framework DPSIR-E’s steps, including the
guiding questions. Step 3-7 were from the DPSIR framework and were used to identify
indicators, and step 1, 2 and 8 were additional steps added to ensure the suitability of the
indicators. The illustration made by the authors.

Brown et al. (2014) was used as a foundation as it highlighted the importance of
understanding that “Identifying indicators takes a combination of scientific rigour
and creative thinking. Creative thinking may be a surprising skill in this context,
but the indicators with the greatest impact are often produced by using and pre-
senting data in novel ways, including combining different kinds of data in ways that
may not seem immediately obvious. Scientific rigour is necessary to identify indica-
tors that are conceptually valid and defensible for their purpose.”. The indicators
created should be practical and not overly demanding in terms of effort on data
gathering. What were considered reasonable here was determined by the creator
of the indicators which in this case were the authors. By combining the guiding
questions presented in 3.1 with the available data and resources for the user, indi-
cators were created (Berghofer and Schneider, 2015). Iteration was used to identify
technically and financially feasible indicators. Developing indicators from every part
of the DPSIR was not necessary, since every situation or project was different. It
was important to choose the indicators that gave the most important information
for the situation (Brown et al., 2014).

Step 1: Actors
The first step included mapping of relevant actors for the situation of which the in-
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dicators were intended for. Identification of both the user of the framework and the
target audience of the results of the indicators were of importance to set an initial
foundation for the indicators (Berghofer and Schneider, 2015). By using the guiding
question “Who will develop the indicators and who is the intended audience?”, the
direction of the creation of indicators was set.

Step 2: Purpose

Step two addressed the purpose for using the indicators. Different purposes of in-
dicators were, for example, to provide information for decision making, raise public
awareness, fortify accountability, reference values for performance, or reporting on
progress (Berghofer and Schneider, 2015). Depending on the purpose, the required
information differed, since it considered different situations. The guiding question to
answer was “What specific objectives are the framework aiming to achieve by using
the indicator?”. With this, the purpose and application were determined. When the
actors and purpose of the indicators were set, the DPSIR~cycle was used to develop
indicators from different entry points.

Step 3: Drivers

The third step included determining the drivers in societies, or patterns which af-
fected the project the indicators were intended for (Berghofer and Schneider, 2015).
“What is the underlying reason(s) for conducting the project or operation?” was the
question to answer when deciding what drivers were present.

Step 4: Pressures

The drivers, defined in Step 3, created pressures, which was the fourth step in
DPSIR-E. In this step, the question “What kind of pressures are created by the
driver(s)?” was to be answered. Pressures were the consequences of drivers and
what they resulted in.

Step 5: State changes

Pressures created a state or condition and referred to the environmental, physical,
biological, and chemical conditions in a certain area, which was step five. In the
case of DPSIR-E, it referred to environmental states such as ecosystem conditions
and functions (Berghofer and Schneider, 2015). “What type of environmental state
does the pressures cause?”, was the question to be answered to map the changes in
the environment which followed the pressures and drivers.

Step 6: Impacts

The sixth step entailed the impacts from the environmental state changes and in-
cluded the main effects from the operations. The question which needed to be
answered in this step was “What impacts does the state changes have on the enuvi-
ronment?”.

Step 7: Responses
The seventh step was about societal responses. If negative impacts were found, this
step included the possible response to mitigate the effects of them. The question to
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be answered was “What possible adaptation and mitigation strategies, or measures,
can be taken to reduce the nmegative impacts?”. The responses were often policies
or interventions, on a larger scale, to address the underlying issues of the prob-
lem. The underlying issues of the problem could be located through iteration of the
framework, and the response could be to address drivers, pressures, or state changes
again. In addition, Step 7 was closely related to the mitigation hierarchy which was
also mentioned in ESRS E4, see Figure 2.5.

With this, the DPSIR-cycle was done, and from these guiding questions potential
indicators were found by literature search for the defined drivers, pressures, state
change, impacts and responses, see Figure 3.2. There are available resources for
finding potential indicators which are scientifically proven, see Table 3.2.

Table 3.2: Sources which can be used for finding indicators which are scientifically proven.

Type of literature source  Authors Organisation

Toolkit (Peh et al., 2022) Bird life, University of Southamp-
ton, UN WCMC, Tropical Biol-
ogy Association, University of Cam-
bridge, rspb, Anglia Ruskin Univer-

sity.
Mapping tool (Varberg  Kom- The municipality of Varberg
mun, 2023)
Project report (Berghofer and Deutsche Gesellschaft fiir Inter-

Schneider, 2015)  nationale Zusammenarbeit (GIZ)
GmbH, Helmholtz Zentrum fiir
Umweltforschung (UFZ) Leipzig
GmbH, Federal Ministry for the
Environment, Nature Conservation,
Building and Nuclear sector of the
Federal Republic of Germany.

Report (CBD, 2020) Convention on Biological Diversity,
the UN.

3.2.2 Evaluation of indicators

Step 8: Evaluation

Once the potential indicators were created, the feasibility for the user were impor-
tant to consider. Therefore the Evaluation step was included as a final step in
DPSIR-E. Further, it was important to understand that one indicator alone would
not provide information regarding ESs and biodiversity at a site. It was the combi-
nation of the different indicators that described the condition and the impact of a
site regarding ESs and biodiversity. The evaluation step was initially based on the
PICABUE methodology (Mitchell et al., 1995). However, this evaluation step con-
tained multiple steps resulting in a complex process for evaluating indicators which
motivated researching for another, more suitable evaluation criteria. This was an
iterative process which led to several different criteria being analysed. Finally, the
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four criteria by Brown et al. (2014) were used in the evaluation step of DPSIR-E.
To increase the usability, the criteria were made into questions:

1. Is the indicator relevant to meet the needs of the user?

2. Is the indicator understandable?

3. Is the indicator usable in a sense that it is measurable and does it show mean-
ingful results?

4. Is the indicator scientifically valid in a sense that the indicator is correlated to
what it is designed to measure in a widely accepted manner? (Brown et al.,

2014)

The criteria are explained more in detail in Section 2.5.2.

3.2.3 Suitability of indicators

Suitable indicators, regarding ESs and biodiversity, was identified with the help of
the framework. With this, what was meant by the word “suitable” was related to
the actors involved with the indicators, the purpose of the indicators and lastly
the data collection for the indicators. However, finding suitable indicators for ESs
and biodiversity are challenging. It requires a comprehensive understanding of the
situation, project or operation and choosing a suitable indicators from the potential
ones (Berghofer and Schneider, 2015). What was considered suitable for Goéinge by
and Goingegarden was determined by the interviews, personal communication with
the employees in combination with literature.

3.2.4 Tracking changes

After identifying, evaluating, and measuring the indicators, it was important to
track changes over time. When the indicators were listed in a table together with
their unit, there were some columns that could be added to track changes to them.
Depending on the operation for which these indicators were developed, it was crucial
to observe the changes within each indicator in the table where they were presented.
Preserving existing nature areas was crucial for maintaining ESs and biodiversity.
By conserving these ecosystems, we ensured that their complex balance and func-
tionality remained intact. In contrast, creating entirely new nature areas was time
consuming since it takes a long period of time for ecosystems to establish and reach
their full potential (T. Barrett, personal communication, 10 April, 2024). Therefore,
prioritising the preservation of existing nature areas was essential for maximising the
benefits of ESs and biodiversity. With this, the table containing the ESs and bio-
diversity indicators was created to include the columns: initial, maintained, added,
removed, and final value. This enabled visualisation of how much of the initial value
was kept, what was removed, and if any value was created. A simple scoring system
was included based on the impact that operations performed had on ESs and bio-
diversity. The scoring system ranged between - to +. If the initial value was better
than the final value, the score was be “-” and if the initial value was worse than the
final, the score was be “+7”. Regarding what was better or worse depended on the
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individual indicator, and it had to be supported by literature.

3.3 Case study: Goinge by and Goingegarden

A case study, Goinge by and Goingegarden, was provided to illustrate an example
of the process of creating indicators. Examples of metrics regarding the created
indicators are provided for Goéinge by. The reason for only providing metrics from
Goinge by is time constraints and data availability. Goéinge by and Goingegarden
was chosen as a case study due to many reasons. First, the area consisted of both
a construction site and a finished residential area which made it a good example
to track changes. Second, contacts at Derome had been actively engaged in the
project, offering valuable insights and experiences that could be applied. Lastly, the
location of the site in Varberg facilitated a study visit, enabling direct observation
of the area.

3.3.1 Data management of indicators for Goinge by and
Goingegarden

The data management was done according to the iterative process described in
Figure 3.2.

Basis: Derome, Gdinge

by & Goingegarden,
ESRS, Ess and
biodiversity

o °From D,RS, I eEvaIuation of °
Define &Rto potential Final
ﬁ indicators \ indicators
\)
, é

D,PS, &R potential
Indicator
search on e
Modifications Literature Modifications defined D, P, Modifications
S, I&R

indicators

Step 8in
DPSIR-E
Supervision J & Supervision o J

Figure 3.2: The iterative process of finding suitable indicators with the combined frame-
work DPSIR-E. Illustration made by the authors.

The initial step in the process of developing site specific indicators for Goinge by and
Goingegarden, was step 0 which included gathering knowledge regarding the scope,
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actors and purpose of the indicators. Step 1 included defining the different compo-
nents in DPSIR which was done through the literature search. Step 2 was where
the potential indicators are created by a literature search. Further, supervision
sessions with an ecologist from the municipality of Varberg were conducted to get
more insight and relevant information from someone local with relevant knowledge
about indicators for ESs and biodiversity. This led to modification of the potential
indicators. Step 3 in the process of developing indicators included the evaluation
of the created indicator derived in the previous step. The evaluation was based on
the criteria mentioned in Brown et al. (2014). This step included an additional
supervision with an ecologist from the municipality which led to modification. Step
4 was the last step of the data management where the indicators were finalised.

3.4 Delimitations

This master’s thesis focused on the building and construction sector in relation to
reporting according to CSRD. More specifically, Derome and their aim to measure
ESs and biodiversity to enable sustainability reporting aligned with ESRS E4 were
the main focus. Although, some more delimitations were made which are explained
in the sections below.

3.4.1 Suitable indicators

One delimitation is the definition of suitable. Since the word can imply different
things, the decision to define it with the sub-questions to RQ 2 was made. With this,
other definitions of the word suitable was not included. This was done to enable the
concept of suitability into the framework and eventually, into the identification of
suitable indicators.

3.4.2 CSRD & ESRS E4

A delimitation was made to ESRS E4 and CSRD because Derome required support
with CSRD in combination with ESs and biodiversity. Additionally, the indicators
developed were tailored only to Goéinge by and Goingegarden because it served as
an example in the case study of Derome. The results are not to be categorised
as a finished sustainability report according to CSRD, but delivers a framework
for developing indicators for measuring ESs and biodiversity which in turn enables
reporting according to CSRD. Furthermore, while CSRD includes reporting the
whole value chain of the company, the indicators developed were site-specific. Hence,
the system boundaries of CSRD are wider, but the indicators developed were site-
specific and aligned with CSRD reporting demands to the greatest extent possible.

3.4.3 Scope & terminology

The focus was on existing literature regarding indicators for measuring ESs and
biodiversity, in combination with different types of reporting legislation and permit
processes regarding the construction of residential buildings. Furthermore, although
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the impacts from extraction and processing of raw material were likely high, this
was not considered. Further, the term ESs was used due since CSRD and other legal
directives are using that definition and not NCP.

3.4.4 Geographical scope & land-use change

The geographical scope was within the area that Derome operates in Sweden, specif-
ically from Gothenburg down to the northern parts of Skane (A. Carlsson, personal
communication, 23 February 2024). The focal point was land-use and land-use
change (LUC) during the construction stage of residential buildings and how it af-
fects ESs and biodiversity. The calculations for the initial values for some of the
indicators at Goinge by are provided in Section 4.3.10. For a full description of the
calculations see Appendix A.7. The reason for only providing a quantification of the
indicators for Goinge by and not Goingegarden was the lack of data.
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Results

This section presents the results from the application of ESRS E4 to Derome,
Derome’s usage of the framework and indicators and lastly the application of the
framework on Derome’s operations at Goinge by and Goéingegarden. Suitable indi-
cators for Goinge by and Goingegarden aligned with ESRS E4 regarding their use
of land in the construction stage, are identified.

4.1 Application of ESRS E4 to Derome

The results of the interview study showed four themes relating to CSRD and re-
porting on ESs and biodiversity, as well as the desired approach to reporting from
Derome’s point of view. The four themes included: legal requirements, transparency,
marketing and requirements from authorities.

4.1.1 Legal requirements: ESRS E4

According to interviewees, the legal requirements regarding reporting on ESs and
biodiversity entails CSRD, more specifically ESRS E4. The five interviewees said
that Derome was in the initial phase of CSRD reporting. In other words, prepara-
tory work was undertaken towards reporting, which included mapping the require-
ments of CSRD and making initial analyses to understand what and how to report.
Further, according to the interviewees there were several opportunities and some
barriers for Derome related to sustainability reporting.

To be able to report on biodiversity and ecosystems according to ESRS E4, mea-
suring and monitoring Derome’s impact on biodiversity and ecosystems needs to be
aligned with their business plans and their operations with respect to the protec-
tion and restoration of biodiversity and ecosystems (EFRAG, 2023). Furthermore,
knowledge of the current situation and mitigation actions regarding biodiversity
and ecosystems are needed. One way to do this is by using indicators for ESs and
biodiversity for site-specific operations. By tracking and finding trends with the in-
dicators, it enables reporting and aligns a company’s business plans and operations
to restore and protect biodiversity and ecosystems.

4.1.2 Transparency & marketing

Another purpose of CSRD reporting, according to the interviewees, was to im-
prove their ability to display their impact on ESs and biodiversity. Throughout
the interviews, transparency regarding Derome’s impacts from their activities was
emphasised as important when reporting on ESs and biodiversity. Four interviewees
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highlighted the importance of transparency in sustainability reporting.
“.. so it was clear that we did have an impact on how we managed them, the
resources or affected the land, of course. In order to report on both and have
transparency earlier we wanted to show, and be open about it too. Of course, we
would be open even if we did something that was bad. Then you got transparency as
well as transparency when it was good.” - Sustainability Manager at Derome Bostad

All interviewees were aware that Derome’s operations have an impact on the en-
vironment due to their exploitation of land. How they manage their operations is
therefore of importance. The Project Manager for CSRD at Derome AB reflected
on the company’s positive and negative impacts, and the opportunities to improve
and have a positive impact later on. Further, the Project Developer at Derome
Bostad expressed an interest in showing both what was lost and gained during the
construction of residential areas.

Another emerging theme in the interviews was the use of the results from the indi-
cators for marketing purposes. According to the interviewees, Derome already has
a sustainable approach within the construction and building sector, which they aim
to continue. Driving forces behind the use of indicators, to measure and report on,
are to improve them as a company and to compare with competing companies. Ad-
ditionally, they aim to show customers what they do well and build their brand on
a good reputation. These indicators could also help clarify what Derome is doing,
and build Derome as a sustainable brand. Two interviewees discussed the company’s
desire to lead in sustainability within the construction and building sector.

“But also that like this, competitors and other stakeholders kind of look towards
our direction to see how we’re doing, that one can be a role model and a leader,
that’s what I think.” - Project Manager for CSRD at Derome AB

4.1.3 Requirements from local authorities

Other requirements of CSRD reporting included certain legal obligations affecting
Derome’s operations. According to the interviewees, in order to obtain permission
to build, despite the presence of biotope protection areas at the construction site,
Derome has to apply for permission to the County Administrative Board. If per-
mission is granted, compensation measures will be taken if proven necessary.

There are further requirements outlined in the detailed development plan concerning
what should be preserved or altered. According to the Contract Manager at Derome
Bostad, they need to report what is done for biodiversity. External entities, often
the municipality in the area, regulates what is permitted on a specific area which is
covered by a detailed development plan. This means that Derome has to adapt to
what is stated in the detailed development plan, according to the interviewees. For
example, Derome is only permitted to place sedum roofs, a type of green roof, on
their carports to increase the green factor if it is stated in the detailed development
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plan.

“So it was a challenge in itself that we didn’t always have complete control over the
impact we had. Instead, it was somewhat the municipalities that set the regulations
for us.” - Sustainability Manager at Derome Bostad.

4.2 Evaluation of indicators

In the evaluation the indicators were evaluated based on their suitability. The
process and criteria to identify what suitable was started with interviews with the
intended actors to establish their intended need for the indicators, to establish that
they made sense and were measurable.

4.2.1 The actors’ intended purpose of the indicators

The word “suitable” was addressed through asking about the usage of the combined
framework to develop indicators at Derome, and how that process could look like.
What it entailed for them as a company to use the framework, including the data
collection for the indicators were discussed.

The interviewees were asked how the framework and indicators might have helped
Derome with their work regarding ESs and biodiversity, but also if there were any
possibilities or difficulties. One of the interviewees mentioned that common ground
about ESs and biodiversity needs to be found within the sector, and to find a few
focus areas for Derome. This would narrow the scope, making it manageable for
Derome to implement it in their work. The Sustainability Manager at Derome
Bostad also mentioned that indicators might help to find common ground in these
types of questions. Also, a base line can be found which can help Derome to improve
in these areas.

Derome had no previous experience of ESs and biodiversity indicators and was not
using any tools but perceived working with indicators as an opportunity to learn.
The interviewees recognised a lack of knowledge and understanding of ESs and bio-
diversity and perceived the concepts as quite difficult to grasp. The employees’
unfamiliarity with ESs and biodiversity was compared to the average citizen who
might not know what biodiversity was or what it entailed.

“Lack of knowledge perhaps to the extent that internal training on biodiversity and
ecosystem services might be needed, I believe... Yes, I would say the challenges there
probably lie in our, well, our own knowledge in some way. Who should or can do
this calculation? Or if one should understand it. There may be a need for internal
training on biodiversity and ecosystem services.” - Project Developer at Derome
Bostad

The interviewees thought that working with ESs and biodiversity would be challeng-
ing in the beginning. Working with indicators on ESs and biodiversity was perceived
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as an opportunity and there was a belief that it was possible to close the knowledge
gap and create knowledge in the company as well as in the construction industry.
Starting with some important indicators and over time developing the work.

During the interviews, the employees at Derome could identify several purposes for
the indicators for ESs and biodiversity such as creating an organised way to include
ESs and Biodiversity in their overall environmental work and in communication.
Measurable and quantifiable indicators were emphasised to be able to create a ref-
erence value and to track changes over time which was important according to the
Contract Manager who thought “it was encouraging to know when the company
was improving or not”. Many of the interviewees agreed with the Contract man-
ager, that metrics were a prerequisite to be able to identify areas to improve and
drive the sustainability work at Derome forward.

“Then we also have an opportunity to set goals for the kind of progress we want
to make and how much we want to improve, and so on. So I think we will be able
to gather the baseline level very effectively.” - Sustainability Manager at Derome
Bostad.

Quantified indicators were believed to also be important for communication and
building awareness within the company, as trends created by introducing indicators
for ESs and biodiversity could be presented to employees. Such awareness in the
company would help Derome to improve even more, said the Project Manager for
CSRD at Derome AB.

Another use of the indicators was for reporting, both for reporting on the con-
struction site’s impact on ecosystems and biodiversity, and for CSRD. The Project
Developer at Derome Bostad discussed the possibility of Derome using indicators as
arguments for gaining permission to use a specific land for construction of residential
areas. It would then be possible to report the impacts at a construction site but
also what and how their activities could create additional natural value there.

“And we will demonstrate that yes, this will be lost, but we can also create this, so
that one can see it with clear numbers in some way. It will become an important
issue for example in politics going forward so that they will approve or that officials
in the municipalities will approve construction of houses in an area.” - Project De-
veloper at Derome Bostad

Several interviewees recognized that collecting data on ESs and biodiversity was a
reason to be able to address the aim of CSRD with transparent and open reporting.
The collection of data on ESs and biodiversity data was further perceived as an
action to increase awareness of the issue in the company which would make employees
more engaged in the issue of ESs, ecosystems and biodiversity and the company’s
environmental work.
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4.2.2 Understandable, measurable and useful indicators

Indicators are often used to monitor development over time and any environmental
issue followed up needs a specific set of indicators (Meadows, 1998). Identifying
indicators for ESs and biodiversity requires comprehensive understanding of the
situation, project or operation (Brown et al., 2014). During the interviews, a frame-
work was discussed as a tool for long term data collection and evaluation.

A reaction on a framework was the importance to find “common ground” both in
the company and in the industry. An interviewee was concerned about the common
ground in the construction industry to be able to find a few focus areas for Derome.
The Sustainability Manager at Derome Bostad pointed out that indicators might
help the company to find common ground in these types of issues. To have a base
line would be helpful for Derome to improve in these areas. The Sustainability
Manager at Derome Bostad discussed site specific nature of the indicators and the
difficulties to develop a framework that could be used in the whole Derome Group.
The company included multiple business areas with a focus on different parts of
the construction phase. In addition to the discussion of the framework there was a
discussion important to the interviewees about an extra workload for the users. It
concluded that the implementation would have a slow start.

4.3 Application of DPSIR-E at Goinge by and
Goingegarden

By using the DPSIR-E framework step-wise, suitable indicators were identified at
Derome’s construction site Goinge by and Goingegarden located in Varberg, where
the results can be used for reporting according to CSRD.

4.3.1 Step 1: Actors

Derome aims to use these indicators to help with CSRD reporting, but also to use
them internally in the company. Derome was the user of the framework and the
receivers of the indicator results were Derome and the stakeholders contributing
to the sustainability report. Other relevant actors could be municipalities and the
county administration board where their operations take place.

4.3.2 Step 2: Purpose

The objectives of creating the indicators from the framework were to use the results
and initiate reporting on ESs and biodiversity for communication to CSRD, im-
proving the internal environmental work and maintain their leading position in the
industry (A. Carlsson, personal communication, 23 February, 2024). It was agreed
that the indicators should include measures showing the effects on ESs and biodi-
versity from the development as agricultural land was transformed into residential
areas with the aim of minimising their impact. Further, it was understood that the
indicators needed to be adjusted to the CSRD reporting and ESRS E4. With all

41



4. Results

of this in mind, the driver, pressures, state changes, impacts and responses were
defined, see Figure 4.1, and details on how these are defined is presented in the next
five subsections.

Drivers

* Demand for housing

Pressures

* Land conversion
* Land transformation

State changes

Habitat * Lland )

fragmentation degradation
* Crop * Emissions

production e Land cover

Impacts

Biodiversity * Human health
* Global warming and well-being
* Food security
alterations and
economics

Responses

* Investments
* Directives/legislation/strategies
* Land administration . Cultural ESs . Provisioning ESs

. Supporting ESs I:I Regulating ESs

Figure 4.1: The defined driver, pressures, state changes, impacts and responses for
Goinge by and Gédingegdrden. The colour coding refers to the type of ESs. Illustration is
made by the authors.

4.3.3 Step 3: Drivers

The driver in this case is determined to Demand for housing since it is the under-
lying reason to why Derome’s operations are occurring. According to A. Carlsson
the demand for housing is the most important driving force for Derome as a com-
pany (A. Carlsson, personal communication, 23 February, 2024). At the time, the
demand for residential buildings in Sweden was high as there was a higher demand
for residential housing than supply of new residential living accommodation (Bover-
ket, 2023a; SCB, 2024). Other potential drivers were discussed, however it was
concluded that the commonality was the demand for housing.
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4.3.4 Step 4: Pressures

LUC is the pressure identified which was divided into Land transformation and
Land management. The demand for housing (driver) caused LUC at the con-
struction site as land is converted from agricultural land to residential area. The
choice of two different pressures for LUC was done since the effects were different
and would occur at different temporal stages. Land transformation described the
construction process where the land was transformed from e.g. agricultural land
into land for residential housing (IPBES, nda). Land management described how
the land was used and administered after construction was finished (IPBES, nda).

4.3.5 Step 5: State changes

The environmental state which the pressures cause in this case are: Habitat frag-
mentation, Land cover change, Land degradation, Emissions and Alterations in crop
production at Goinge by and Goéingegarden. These represent consequences of the
identified pressures.

At Goinge by and Goéingegarden there will be Habitat fragmentation since natu-
ral areas will be divided due to e.g. building residential areas. Habitat fragmentation
is the process where a land area that has been connected previously is divided re-
sulting in a disconnected habitat. The fragmentation can be a result of both natural
activities, such as fires, but it can also be driven by societal activities such as urbani-
sation (IPBES, nda). The effects of habitat fragmentation may result in biodiversity
decline depending on the area’s proximity to the urbanized area and the mean size
of the species natural habitats (Li et al., 2022).

Land cover was defined in ESRS E4 but could be explained as impacts on ESs and
biodiversity by habitat modification caused by human activities. In ESRS E4 as “..
the physical representation of the drivers habitat modification and industrial and
domestic activities” (EFRAG, 2023). The change of land cover is further defined as
“..the man-made or natural change of the physical properties of Earth’s surface at a
specific location” (EFRAG, 2023).

When turning the area to a residential area, Land degradation, will occur. It is
one of the most severe environmental problems for society since the land provides
water regulating, food provisioning and climate regulating services (Pravalie, 2021).
Further, land ensures stability of the ecosystem through securing habitats important
for biodiversity. Regarding impact on soil and land, ESRS E4 mentions e.g. land
degradation, desertification and soil sealing as areas that need to be addressed. In
the current case soil sealing includes both sealing of the surface and compaction
was of more relevance. “Surface sealing” and “compaction” is considered to be of
relevance here. However, the two definitions are combined into “soil sealing” as it
includes both sealing of the surface and compaction (Tobias et al., 2018).

Emissions, or air emissions according to Eurostat (n.d.), includes both GreenHouse
Gases (GHG) and air pollutants contributing to different environmental problems
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and can be harmful to people, flora and fauna according to Eurostat (n.d.). GHG
includes in total seven gases which contribute to climate change, while air pollutants
are harmful to human health and biodiversity (Eurostat, nd). Further, findings of
the Intergovernmental Panel on Climate Change (IPCC) shows that around 12% of
the worldwide GHG is connected to LUC, including deforestation, and since the re-
lationship between LUC and emissions is complex the number might be even greater.
The number could be higher since the relationship between LUC and emissions was
described as complex (Wang, 2024).

Crop production can be described as the lost land previously used in food produc-
tion. Food production is in the Swedish Environmental Code described as a national
interest and implies that agricultural land is preserved which is in conflict with so-
cietal interests where the land can be used for construction of residential housing
(SE'S 1998:808, 3 ch. 4 §). The shift from agriculture practices into another land use
may lead to irreversible environmental effects locally and to decreased control over
the food supply within a country (Sldtmo, 2017). However, this land can be used
for construction of residential housing since this is considered to be of substantial
societal interest.

4.3.6 Step 6: Impacts

The defined impacts at Goinge by and Goéingegarden were Biodiversity, Water reg-
ulation, Human health and well-beeing, Global warming, Local climate regulation
and Food security alterations and economic impacts. These impacts represent the
effects from state changes.

Biodiversity is a defined impact in DPSIR-E and is also a supporting ES. This
impact includes several aspects of biodiversity according to CBD’s (2006) definition
and is a consequence of state changes in habitat fragmentation, land cover and soil
properties.

Water regulation is defined here as the regulating ESs and includes delaying, fil-
tering, purification of water from pollutants, preventing floods, erosion and drought
(Varberg Kommun, 2023). The change of land cover like soil sealing will affect
flooding. Water runoff occurs when the soil lack the ability to absorb excess water
and instead the water flows across surfaces into nearby water bodies (National Ge-
ographic, 2023).

Human health and well-being are described as the physical and mental health of
humans and is affected mainly by the state changes emissions and land cover (Aseel
et al., 2021). Human well-being is dependent on the continuation of several ESs
such as land cover and water regulation as they influence the physical properties
of nature where humans often find recreational opportunities for physical activity
and cultural values (Varberg Kommun, 2023). Further, the human well-being can
be defined as in the article by Xu et al. (2016) “human experiences, including the
basic materials for human lives, freedom of choice, health, good social relations, a
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sense of ‘cultural identity’ and security.” and it is dependent on the continuation of
several ESs.

Global warming is a consequence of changes in emissions and of land cover. Impor-
tant to note is that global warming affects other impact categories e.g. biodiversity,
human health, deforestation and food security (Abbass et al., 2022). The ESs Air
quality regulation mitigates air pollution, also relates to global warming (Matos
et al., 2019). Green areas and especially trees are important to the regulation of air
quality, pollutants in the air, to humans’ physical a health and other species’ health
as well.

Local climate regulation is a regulating ESs which includes temperature regu-
lation and land cover changes caused mainly by urbanisation (Brown et al., 2014).
Temperature regulation occurs through vegetation, green areas and trees, and is used
in cities to moderate the temperature according to Brown et al. (2014). Change in
land cover includes the change of land for example soil sealing (compaction) in the
context of water run-off but also desertification of fertile land. Both of these are
included in the ESRS E4.

Food security alterations and economic impacts was included as an important
impact, since agricultural land and crop production provides ESs. An altered pur-
pose of agricultural land creates a loss of potential yield, food security and economic
consequences (Varberg Kommun, 2023).

4.3.7 Step 7: Responses

The impacts of construction activities were represented by Investments, Direc-
tives, Legislation, Strategies and Land administration. The Swedish Envi-
ronmental Code and the Swedish Planning and Building act are both examples of
national legislation that has the aim to regulate what type of activity is permitted
and where it should be permitted (SF'S 1998:808, 1999; SFS 2010:900, 2010a). With
acknowledging the impacts of the construction, areas of importance and improve-
ment can be identified resulting in compensation or improvement actions (EEA,
1999). ESRS E4 specifically mentions that one of the aims with the Standard is to
“.. any actions taken, and the result of such actions, to prevent or mitigate material
negative actual or potential impacts and to protect and restore biodiversity and
ecosystems, and to address risks and opportunities” (EFRAG, 2023).

4.3.8 Potential indicators for Goinge by and Goingegarden

The result of creating indicators with the DPSIR-E framework resulted in 26 poten-
tial indicators, see Figure 4.1. All indicators are derived from the defined drivers,
pressures, state changes, impacts and responses in the previous section which are
specific for Goinge by and Goingegarden.
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Table 4.1: The 26 potential indicators for Gdinge by and Géingegarden. Cultural ESs are in red, supporting ESs are in blue, provisioning

ESs are in purple and regulating ESs are in yellow.

Indicators

Species richness
Pollination potential
Biotope protection area
Red listed species
Threatened species
Invasive alien species
Protected area coverage
Soil sealing
Emissions
Air pollutants absorption rate
Land conversion rate
Water contamination level
Infiltration trench
Retention basin
Runoff avoided
Rainfall intercepted
Green space
‘Green space factor
‘Canopy cover
‘Green space accessibility
Active transportation accessibility
Community benefits
Educational sites
Temperature regulation
Rate loss of potential crop yield

Agricultural land valuation

no. of species

% (RPP)

no. of different biotopes
no. of each biotope

no. of species
no. of species
no. of species
% (protected area/total area)
% (paved area/total area)
CO2-eq.
kg/year
hectar/year
e/l
meter
% (area of basin/drainage basin)
L
L
%
%
%
metre
km/cap
no.of different sites
no. of schools and educational sites.
°C
tonnes/year

SEK/hectar

ESRS E4
ESRS E4
Related to ESRS E4
ESRS E4
ESRS E4
ESRS E4
ESRS E4
ESRS E4
ESRS E1
ESRS E4
ESRS E4
Related to ESRS E4
ESRS E3
ESRS E3
ESRS E3
Related to ESRS E4
ESRS E4
ESRS E4
ESRS E4
Related to ESRS E4
Related to ESRS E4
Related to ESRS E4
Related to ESRS E4
Related to ESRS E4
Related to ESRS E4

Related to ESRS E4
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Biodiversity is a defined impact from the DPSIR-cycle, see Figure 4.1, of which seven
different indicators are derived from it. The indicators were: Species richness, Pol-
lination potential, Biotope protection areas, Red listed species, Threatened species,
Invasive alien species and Protected area coverage. According to IPBES (n.d.),
Species richness is defined as “The number of species within a given sample, com-
munity, or area.”. This indicator is included since it is a well-known biodiversity
indicator. The measurement of species richness is performed by quantifying the total
number of species within that area. In the table’s scoring system, the higher final
value represents a better value. Prior to the project of Géinge by and Goingegar-
den, Varberg municipality requested a NVI, see Figure 2.8 which can be used for
the measurements.

Pollination potential is a regulating ESs that ensures plant growth which in turn
enables life on Earth to sustain (IPBES, 2016). To measure different ESs in Europe,
the Ecosystem Service Mapping Tool (ESTIMAP) was created in 2013 by the EU
(Zulian et al., 2013). The model presented in ESTIMAP entails information of the
different contribution to pollinators that different types of land might have. The
unit of Relative Pollination Potential (RPP) is percentage. In the scoring system in
the table, the higher final value the better. A flowchart regarding the calculation of
RPP can be seen in Appendix A 4.

Biotope protection area are areas of significant importance for biodiversity and
was included in the NVIs and should therefore be included. To generate detailed
information on the effects on biodiversity different measures can be used. The unit
used for this metric is the total number of biotopes and the number of different types
of biotopes. If only the number of biotope protection areas were to be presented, the
variation within the area would not be visible. In the scoring system in the table,
the higher final values of both, the better.

Next, Red listed species, Threatened species and Invasive alien species were included
in ESRS E4 (EFRAG, 2023). Red listed species is included as an indicator with
reference to the IUCN Red list. It has the unit: number of species. In the scoring
system in the table, the lower the final value the better. Threatened species are
a type of classification in the IUCN Red list, and is included as an indicator as well.
As an indicator in this context, the number of species is the unit used. In the scoring
system in the table, the lower the final value the better. Invasive alien species are
species which are relocated by humans and are spreading quickly and cause severe
impacts on the new environment (Naturvardsverket, nda). These species are a huge
threat to biodiversity and the ecosystems, and could potentially involve costs for
society when destroying the environment. To keep track of the invasive alien species
in the area, the indicator is made with the unit of number of species. In the scoring
system in the table, the lower the final value the better. Lastly, in Sweden there are
approximately 400 invasive alien species who pose a threat (Naturvardsverket, nda).
To generate data regarding invasive alien species at Goinge by and Goingegarden,
direct measures are needed since there is a lack of data regarding this in the NVI

and EIA.
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Protected area coverage is listed in ESRS E4 and includes Protected areas in-
clude for example nature reserves, national parks, Natura 2000, biotope protection
areas, animal and plant protection areas, shoreline protection areas and water pro-
tection areas (Lansstyrelsen, nd; EFRAG, 2023). The unit for this indicator is the
area of protected land/total area, which makes it a percentage. In the scoring sys-
tem in the table, the higher final value the better. Data can be found in the format
of a map on Naturvardsverket’s website and map tool for protected nature in Swe-
den (Naturvardsverket, ndc). The areas that have been given a red classification,
see Figure 2.8, are already protected by the shoreline protection regulation and are
likely not to be exploited.. In general, the biotope protection areas or objects were
located where ongoing or will be construction of residential housing. If there were
risks of the operation disturbed or destroyed these objects, permission from the
county administration board was required.

Soil sealing connected to land cover, see Figure 4.1, was used in ESRS E4 (EFRAG,
2023). The smaller the area of compaction, the better (Peh et al., 2022). Similarly,
in the scoring system in the table, the lower the final value the better. There are
several types of compaction and in this case all paved areas i.e. roads, parking lots
and buildings are included. The unit for this indicator is in percentage and the
formula is area of paved area/total area to get an estimation of the amount of land
being compacted.

Emissions, belongs to the impact category Global warming, see Figure 4.1. This is
measured within a company for other reporting, however the connection to ESs and
biodiversity needed to be clarified. The chosen unit for this impact is kg COs-eq
and the used index is Global Warming Potential (GWP). In the scoring system in
the table, the lower the final value the better.

Air pollutants absorption rate is mostly regulated by trees, hence a regulation
ESs. Pollution is included in ESRS E4 as an important driver for biodiversity loss
(EFRAG, 2023). It is from the defined impact Local climate regulation, see Fig-
ure 4.1. The higher the number of trees, the more air pollutants will be absorbed.
Measuring the exact uptake is a complicated process, but estimations can be done
(Brown et al., 2014). The unit is kg/year, and instructions on how to calculate
this indicator are stated in Appendix A.5. In the scoring system in the table, the
lower the final value the better. Data on carbon monoxide, ozone, nitrogen dioxide,
COs-eq., sulphur dioxide and PM2.5 uptake is calculated.

LUC was the one of the defined pressures in DPSIR-E, see Figure 4.1, and the
indicator developed from this is Land conversion rate with the chosen unit of
hectares/year. According to Peh et al. (2022) Google Earth can be used to estimate
types and amounts of habitats that have been converted into something else by as-
sessing what was preserved and not. In the scoring system in the table, the lower
the final value the better. Water pollution is the next impact category, and the in-
dicator Water contamination level is determined. This is related to flooding due
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to soil sealing, and a proposed unit to measure the polluted water was concentration
in mg of pollutants/L of water. In the scoring system in the table, the lower the
final value the better.

For the defined impact category Water regulation, see Figure 4.1, four indicators
were developed: Infiltration trench, Retention basins, Runoff avoided and Rain-
fall intercepted. To protect against floods, extreme rainfall and even temperature
regulation water regulation in urban areas were important (loja et al., 2021). An
Infiltration trench purifies and slows down the velocity of storm water and rainfall
and it is similar to a canal but covered by vegetation of grass (VISS, 2020a). The
unit for measuring infiltration trenches is metres. In the scoring system in the table,
the higher the final value the better. Retention basins enables water purification,
slows down the speed of the storm water, contributing to ESs and may increase
biodiversity. Generally the larger the retention basin in relation to its uptake area,
the better (VISS, 2020b). The unit is therefore in percentage because it is the area
of basin in relation to drainage basin. Accordingly, in the scoring system in the
table, the higher final value the better. Both Infiltration trenches and Retention
basins can be measured using Google Earth (Peh et al., 2022). Runoff avoided is
the amount of rainwater that reaches the ground and does not stay on the surface.
Instead, the water is taken up by the tree roots and stored in the ground result-
ing in less risk of flooding. Rainfall intercepted is the amount of rainwater that
reaches the leaves and is evaporated into the air again (I-Tree Eco, nda). Both the
amount of runoff that is avoided and rainfall intercepted are measured in L and in
the scoring system in the table, the higher the final values the better. Regarding
the data and calculations, they are the same as for Air Pollutants Absorption Rate
and can be found in Appendix A.5.

From the defined state change Land cover, see Figure 4.1, urban green space is
included and is defined as both trees and green areas. Forest cover is included in
ESRS E4, which is similar to urban green space (EFRAG, 2023). Green space can be
calculated in two different ways here; Green space or Green space factor. The
calculation is the area of green space/total area, where the higher number generated
the better, and this calculation is in percentage. To measure the green space area
in the total area of the construction site it is possible to use Google Earth (Peh
et al., 2022). Further, the green space factor represents the relationship between
the “eco-efficient” area and the entire area (Boverket, 2020). It helps determine
the percentage of functional green areas compared to hardened surfaces. Functional
green areas contain permeable surfaces as well as areas with trees, lawns, or green
roofs. The specifics and examples of the calculations needed are to be found here
(Stockholm Stad, 2021). For an illustration, see Figure 4.2.
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Type of space | Value | m? | Eco effective area |

- Land and vegetation 0,4 30 12
Bushes and solitary 0,4 3 1,2
bushes

E Roof, compact 0 40 O

- Permeable hard 0,25 10 2,5
surface
Sum 83 15,7

Figure 4.2: Green space factor and how to calculate it, with an example. The Green
space factor in this case is 15,7/83=0,19 (Boverket, 2020). Figure translated and modified
from Bowverket (2020).

The indicator Canopy cover was derived from both the impact Local climate
regulation but also Human health and well-being, see Figure 4.1. Trees often in-
vite people to spend more time outdoors and which increases their social activities.
Canopy cover is calculated by analysing aerial photos and the measurement is an
estimation that illustrates the ratio between the total ground area and the coverage
of trees (ESRI, nd). Boverket has created a map including canopy cover which can
be used to generate data for this indicator (Boverket, 2023c) and an example can
be found in Figure 4.3. The higher final value the better in the scoring system in
the table for all the indicators for Urban green space.

Teckenférklaring

Tradtackning
Tradtickning per DESO (procent)
I 21100
320
P 21-30
[y 11-20
[o-10

Figure 4.3: The canopy cover in Varberg. The darker the colour, the more dense the
canopy cover. Illustration made with data and information from Boverket (n.d.).
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The defined impact category Human health and well-being, see Figure 4.1, it pro-
duced four indicators: Green space accessibility, Active transportation accessibility,
Community benefits and Educational sites. These are included since ESRS E4 men-
tions ESs, and the cultural ESs are relevant when building residential areas (EFRAG,
2023).

Green space accessibility describes the presence of green spaces within residen-
tial areas which compensates for the absence of nearby parks by providing residents
with similar opportunities for outdoor recreation and leisure activities close to their
homes and is a cultural ESs (Mao et al., 2020). It is measured in metres to the
nearest green area and is calculated with the help of Google Earth, and it is the
residential building which is the furthest from a green space. In Sweden there is
a “Urban green structure rule” called “3-30-300”, which is guideline values for ur-
ban green spaces (Region Skéne, 2023). The number three stands for at least 3
residential-proximate trees, 30 at least 30% canopy coverage in the neighbourhood,
and a maximum of 300 metres between residences and green areas. With this, a
reference value of maximum 300 metres from each residential house there should be
defined as a green area is defined. Active transportation accessibility was cul-
tural ESs important in the area of recreation (Brown et al., 2014).). The measure in
km /capita referred to the number of pathway km for biking and walking per capita.
The measure reflects the population size and the number of pathways available per
person.

Community benefits was another cultural ESs which referred to social relations
among people in the neighbourhood. The indicator measures the Number of social
gathering sites within the living area such as playgrounds, barbecue places, out-
door gyms and picnic sites (Varberg Kommun, 2023). Further, the number of each
type of social site is not included since it is preferred to have one site which has a
higher quality rather than several with a lower standard.

Educational sites was an appropriate indicator in the residential area in Goinge by
and Goingegarden The unit was the number of schools and educational areas because
according to Peh et al. (2022) “Educational benefits arise from the provision of an
environmental space where schoolchildren and preschoolers can visit to get inspired,
be creative and learn about nature, as well as allowing them to connect to nature
and build bonds for the future”. Educational sites can be meadows or forests since
they have the potential to inspire, educate, and deepen our comprehension of the
interconnectedness and importance of ecosystems to human life (Varberg Kommun,
2023). For all four indicators, the higher the final value the better in the scoring
system in the table.

Temperature regulation from the category Local climate regulation , see Figure
4.1, was related to green space and trees. Forest cover in ESRS E4 describes the
benefit from the number of trees in the area (EFRAG, 2023). Local temperatures
were regulated by green areas and the number of trees located nearby (Brown et al.,
2014). The more trees, the better the regulation of temperature. An incoming sun
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radiation (albedo) impact on urban microclimate and temperature was dependent
on the tree coverage. In cases of a higher albedo on surfaces with low tree coverage
the temperature increased in contrast to if the surface had tree cover and grass that
was cooling. The temperature fluctuate with the amount of green space and trees
(Smith et al., 2023). The unit for this indicator is °C since it measures the maxi-
mum temperature in the area. With this, it is possible to see how the temperature
fluctuates with the amount of green space and trees. In the scoring system in the
table, the lower the final value the better. There are available maps showing maxi-
mum temperatures combined with the height of the trees in an area during the time
period 1st of June to 31 of August, and this is combined with the height of the trees
see Figure 4.4 (MSB, 2023).

Figure 4.4: The maximum temperatures in Varberg with description of the colouring.
Tllustration made with information from MSB (2023).

The category Food security and economic impacts produced two indicators: Rate
loss of potential crop yield and Agricultural land valuation, see Figure 4.1. The pro-
visioning ESs food production was included in ESRS E4 (EFRAG, 2023). The Rate
loss of potential yield describes the transition of agricultural land into residential
areas and in combination with the market value of agricultural land is important
to measure. According to Jordbruksverket (n.d.) the Swedish agricultural land will
become more valuable with time and the possibility to produce food is more impor-
tant than ever since the world’s population is increasing while the area’s agricultural
land is decreasing. The unit for the rate loss of potential yield is tonnes/year, how
many tonnes of agricultural yield that is lost per year. In the scoring system in the
table, the lower the final value the better. There are statistics about the yield, in
kilos/hectare, for Sweden’s different municipalities which can be used to calculate it
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(Jordbruksverket, nda).

The Agricultural land valuation can be used for valuation of the land used
for construction buildings, to get a sense of the monetary value of the land (Jord-
bruksverket, ndb). The unit for this is SEK /hectare (Sweden). In the table’s scoring
system, the higher final value the better.

4.3.9 Step 8: Evaluation of potential indicators

In the evaluation of indicators for Goinge by and Goingegarden, the assessment
considers how well they aligned with Derome’s goals, the measurement and under-
standing, the availability of data, and scientific support. Preference was given to
indicators that were straightforward to measure, had clear data sources, and were
scientifically validated. Indicators that were difficult to measure or lacked reliable
data were not prioritised. In total of the 26 potential indicators it was 22 which are
final indicators. For motivations on each of the indicators, see Appendix A.6. The
end result from the evaluation of the indicators is found in Table 4.2.
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Table 4.2: Evaluation of the 26 potential indicators.

(1) Is the indicator relevant to meet the needs of the user? (2) Is the indicator under-
standable? (8) Is the indicator usable in a sense that it is measurable and does it show
meaningful results? (4) Is the indicator scientifically valid in a sense that the indicator is
correlated to what it is designed to measure in a widely accepted manner?

Species richness

=

Pollination potential
Biotope protection area
Red listed species
Threatened species
Invasive species

Protected Area Coverage
Soil sealing

Emissions

Air Pollutants Absorption Rate
Land conversion rate
Water Contamination Level
Infiltration trench
Retention basin

Runoff avoided

Rainfall intercepted

Green Space

Canopy cover

Green space factor

Green Space Accessibility
Active Transportation Accessibility
Community benefits
Education

Temperature regulation

Rate loss of potential crop yield

NSNS NN NN N AN AN N
NNV NNV NN NN NN -
NN NN NN NN PN NENCNENENENENT .
NN SN NN NI NN EENENCNENEY, -

Agricultural Land Valuation

4.3.10 Final indicators with examples

The indicators which met all the criteria are 22 indicators, where Species richness,
Pollination potential, Water contamination level and Green space did not make it.
The example values provided in Figure 4.3, with all final indicators, are for Géinge
by and the details of the calculations are found in Appendix A.7.
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Table 4.3: The 22 final indicators for Gdinge by and Gdingegarden, with example values from Gdingeby. Cultural ESs are in red, supporting
ESs are in blue, provisioning ESs are in purple and requlating ESs are in yellow.

Indicators Initial Maintained Added Removed Final

total no. of biotopes.

Biotope protection area ] {no. of each biotope) 7(3) Related to ESRS E4
Red listed species ] no. of species 15 ESRS E4
Threatened species ] no. of species 2 ESRS E4
Invasive alien species ° no. of species - ESRS E4
Protected area coverage ] % (protected area/total area) 0,62% ESRS E4
Soil sealing @ % (paved area/total area) - ESRS E4
Emissions - CO2-eq. - Related to ESRS E4
Air pollutants absorption rate kg/year - ESRS E4
Land conversion rate - hectar fyear - ESRS E4
Infiltration trench meter - ESRS E3
Retention basin % (area of basin/drainage basin) - ESRS E3
Runoff avoided L - ESRS E3
Rainfall intercepted L - ESRS E3
Green space factor ] % = ESRS E4
Canopy cover . % 21-30 ESRS E4
Green space accessibility [ ] metre - Related to ESRS E4
Active transportation accessibility [ ] km/cap - Related to ESRS E4
Community benefits [ ] no.of different sites - Related to ESRS E4
Educational sites. [ ] no. of schools and educational sites - Related to ESRS E4
Temperature regulation °c 32-34 Related to ESRS E4
Rate loss of potential crop yield [ ] tonnes/year 317,04 (year 2023) Related to ESRS E4
Agricultural land valuation = SEK/hectar 371,7 (year 2022)

Related to ESRS E4



D
Analysis

In this chapter, an analysis of the results are provided including what was surprising,
what we, the authors, learnt and what was found difficult during the working process.

5.1 The DPSIR-E model

ESs and biodiversity include high levels of complexity and the DPSIR framework
was found to be holistic and relevant. Since the combined framework for develop-
ing indicators was going to be used by Derome employees, it needed to be usable
and suitable. It was surprising to find that neither usability nor suitability were
included in the DPSIR framework despite its popularity within the field. It was
therefore decided to include the additional evaluation steps and step 1 and 2 in the
final combined framework to ensure both the usability of the framework and the
suitability of the indicators.

5.1.1 International vs national

CSRD and the EU Taxonomy was created with the aim to increase the comparabil-
ity between companies and their operations. There is the possibility that the aim of
the reporting will suffer from differences between companies operating in different
countries. One consequence could be different national standards or routines im-
pacting the data collection and measuring. Further, companies with supply chains
located in different countries may have problems when calculating the company’s to-
tal impact with country specific data sets. Sector-specific standards would facilitate
the data collection as well as ensure comparability and progress of environmental is-
sues. This could also allow for translations of measurements for ESs and biodiversity.

Geographically specific standards adopted to different natural conditions across
countries would further facilitate indicator data collection and measuring. ESRS
E4 was constructed to be used all over the EU which has the potential to create
challenges for example different geography in Europe. One example of this is de-
sertification which is a relevant indicator as companies often operates in different
countries but could be difficult to apply from a national context. The geography
in in southern Europe is different than in the northern parts. In southern Europe
desertification becomes a reality but not in the northern parts.

5.1.2 From value chain to site-specific

The translation and application of ESRS E4 to site-specific Swedish conditions was
challenging due to their generality and perspective. Although the DPSIR-E frame-
work had a holistic approach, some of the indicators in ESRS-E4 were too general in

56



5. Analysis

the sense that they were not applicable in Goinge by, Géinge garden or in Sweden.
Although the Swedish standard, Nature Value Inventory (NVI) and the EU tax-
onomy used similar indicators, the EU taxonomy indicators were general and NVI
indicators were site specific.

Translating the value chain perspective in ESRS E4 to site-specific nature values
described the NVI was challenging and not straight forward. To reach the reporting
requirements, ESRS E4 was used with some assumptions and adjustments in the
creation of the site-specific indicators for Derome. These decisions were made based
on the availability of data and representativeness in ESRS E4.

5.2 Developing suitable indicators

One of the most difficult moments of creating the indicators for Goéinge by and
Goingegarden was ensuring their suitability. The process of finding indicators with-
out considering what would be feasible was easy but finding the data was difficult
for the complex ESs and biodiversity issue. If the indicators were used by field ex-
perts, the necessary measurements would have been easy. However, the continuous
monitoring and measuring should be done by Derome which required another type
of indicators.

5.2.1 Knowledge exchange

Since the framework was going to be used by non-experts, it was found that the
knowledge exchange and communication between experts and the user of the frame-
work was important. The main stakeholders in the process were the employees at
Derome and the municipality ecologist and surprisingly there was no, or very lim-
ited, ongoing knowledge exchange between the parties. The municipal ecologist was
skilled on how to collect data and how to increase ESs and biodiversity at different
locations. Knowledge that was important to Derome and knowledge the company
needed when reporting according to ESRS E4. Derome expressed a sense of locked
in by the detailed development plan for their construction sites. Independently, the
lack of knowledge exchange would affect their actions regarding biodiversity and
ecosystems and the results in the sustainability reporting.

This lack of communication between the municipality and Derome was also surpris-
ing since they both aimed at improving ESs and biodiversity. In meetings with the
municipality ecologist, it was perceived that the construction industry the lacked
knowledge to take precautions of ESs for example what trees to be planted at the
construction site. The ESs pollination would benefit by native trees such as oaks
but instead beautiful trees with less contribution to the ESs such as magnolia were
frequently prioritised. The choice would affects the pollination potential at the
construction site.
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5.2.2 Comprehensive or simple?

The DPSIR-E framework included an evaluation step to address the criteria adapt-
able to the knowledge and resources of the user. Throughout the indicator develop-
ment process, the balance between accuracy and feasibility were considered. When
selecting indicators, the balance of comprehensiveness and simplicity was important
and difficult. Important in choosing the indicators was the indicators communicative
power and how it was measured. A too complex indicator that needed comprehen-
sive details would decrease the feasibility of the measure.

The choice with practical simpler measures and calculations comes with some loss
of detailed information. For example, pollination potential, the indicator provided
high level information on the operator’s impact but lacked communicative power
compared to the indicator green space factor. An indicator such as green space
factor, which replaced pollination potential in the final set of indicators was easier
to follow up and to communicate. Another example was biotope protection area
which was chosen to represent biodiversity over species richness. Species richness
required knowledge and effort in measuring or calculating the indicator.

5.2.3 Future applications

There will be a big need to develop indicators for ESs and biodiversity around Eu-
rope. Although ESs and biodiversity have been discussed previously in the scientific
community, it has now transitioned to the commercial and to the public community
where it has been considered a new topic. To develop indicators on national, re-
gional or site-specific levels, DPSIR will continue to be useful. However, to achieve
the usability and suitability necessary it might need alterations to better meet the
contextualized demands and needs. To maintain the holistic perspective it is impor-
tant to acknowledge and manage the complexity of ESs and biodiversity in general
and in particular in the site-specific context. The DPSIR-E framework will con-
tribute to increase the suitability of the created indicators which is important.

In this context, ESs and biodiversity were considered a new topic to some of the
stakeholder. Involving stakeholders in developing the stakeholders were useful in
addressing and bridging knowledge gaps such as the one between municipalities and
construction companies. Involving stakeholders will facilitate knowledge exchange
communication between experts and users when using a framework, the involvement
of the municipal ecologist local proved to be very helpful.

The developed indicators needs to be tailored and tested for specific locations. To
maintain the balance between comprehensive and simple indicators will be important
to ensure feasibility without losing too many important details. The development of
frameworks and indicators should be an iterative process and at times with stake-
holder participation as it required continuous feedback and adjustment. Robust
and usable sustainability framework and indicators will be best done and should
be promoted as collaboration among different stakeholders, including companies,
researchers, consultants, and regulatory bodies.
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Discussion

One of the key messages of this master’s thesis is the importance of reporting fol-
lowed by the complexity that reporting on biodiversity and ESs entail. Further, how
vital ESs and biodiversity and ESs are, and the importance of protecting and restor-
ing them. The intention of this master’s thesis is to demonstrate how the combined
framework can be used to develop indicators for measuring ESs and biodiversity.
Also, how the indicators can be customised for measuring and reporting according
to a certain situation. Specifically, the framework constructed is used to gener-
ate indicators for reporting in accordance with ESRS E4 for Derome’s operations
regarding land-use.

6.1 Strengths & weaknesses

Evaluating the credibility of this master’s thesis is important to ensure academic
integrity, validity of the research and the impact it has and may have. With this, the
credibility is discussed through the different components that make up this master’s
thesis: data, literature, methods, models, assumptions, estimations, limitations,
sources of error and the case study.

6.1.1 Data & literature

One strength in this master’s thesis is the usage of literature and data. Since the
majority of the master’s thesis is based on literature, it is important to evaluate the
literature and the secondary data used. When using literature, the aim is to always
go back to the original source to check the information used. When utilising sources
from reputable organisations such as governmental bodies, supranational entities
like the EU, and established organisations like IPBES, the credibility and trustwor-
thiness of this master’s thesis is increased. This is because these organisations are
widely recognised for their expertise and neutrality. By drawing upon such sources,
the thesis gains added credibility in its findings. One weakness in this master’s the-
sis regarding literature is that the field of ESs and biodiversity is rapidly evolving
which results in that some recent developments or findings may not have been fully
incorporated into the thesis. However, as stated in the Method chapter when using
articles as literature they have mostly been found via the database Scopus which
only publishes peer-reviewed articles.

Regarding the combination of literature about the specific subject: ESs, biodiver-
sity and ESRS E4 or CSRD there is not much literature to get support from due to
the novelty of the subjects. Specifically, there are several articles and reports about
using DPSIR to develop indicators about either biodiversity or ESs, but the method
in them could never fully be used due to different scopes or geographical locations.
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Regarding the interview study and the primary data obtained, there are some weak-
nesses related to the human factor. With two interviewers having separate inter-
views impacts the results, depending on how the questions are asked and also which
follow-up questions are chosen. Further, depending on the interviewees and how
they perceive the questions asked and the entire situation could affect their answers.
Lastly, the interpretation of the primary data from the interviews could also contain
bias from the authors which also has an effect on the results.

6.1.2 Method: interview & literature study

The chosen methods in the master’s thesis can also be discussed. Firstly, the com-
bination of a literature and interview study increases the validity however both of
them have weaknesses that need to be addressed. Due to the scope of this master’s
thesis, literature regarding frameworks that can be combined to develop indicators,
information on existing indicators for ESs and biodiversity, and suitable indicators
for Goinge by and Goingegarden are limited. This could be due to the specific scope
of the master’s thesis and the novelty of reporting on ESs and biodiversity accord-
ing to CSRD. Regarding the interview study there is a limitation in the number of
participants since there only were five interviewees. Since the generated data from
the interviews should be as general for Derome as possible, this number could have
been higher to get a better representation. However, the goal was also to interview
people who have work tasks which include sustainability or sustainability reporting
in some way which was a limiting factor when finding interviewees. Further, there
were both representatives from the group but also one of the companies concerning
construction sites which is a match for the aim of the interview study. It is impor-
tant to not generalise the results from the interview study for the whole group of
Derome or the construction and building sector.

6.1.3 Assumptions & estimations

For this master’s thesis, ESRS E4 is used and interpreted by the authors. The
Standards are quite extensive and non specific since the aim is to cover a large variety
of industries within the EU. This led to assumptions being necessary. Further, due
to the lack of published reports written according to ESRS E4 available, assumptions
on what measures that the reports should entail is made. For example, impacts on
biodiversity and ecosystems are mentioned in ESRS E4 and are therefore assumed
to be of importance to report on. However, the term ESs is frequently used in this
master’s thesis since the term includes both the ecosystem and biodiversity. Since
Derome does not have knowledge in biology and ecology within their company, this
had to be taken into consideration when developing the indicators for measuring
ESs and biodiversity. This resulted in simplified measurements being favoured over
more complex and thereby more precise measurements.
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6.1.4 Limitations & sources of error

The scope of this master’s thesis resulted in the limitation that the results of the
developed indicators are site specific to Goinge by and Goéingegarden. However, the
combined framework is general and can therefore be used for other purposes that
includes another scope or issue. However, the framework is intended to be used on
environmental issues induced by human activities. Some sources of error occurred
throughout the thesis. Firstly, errors might have occurred in the interpretation
of both ESRS E4 but also legal documents provided by the Swedish Government
since the authors lack knowledge and experience in that area. Secondly, since the
indicators are based on the DPSIR-E framework there is a risk that some indicators
are left out if the responding pressure, state change or impact is not considered in
the framework. Another limitation that caused some discrepancy with ESRS E4 was
the scope of this master’s thesis. While the reporting directive includes the whole
value chain and the effects that the company’s activities have on biodiversity and
ESs, the created indicators only apply to the construction stage, more specifically
the use and conversion of land. Therefore, the resulting indicators from RQ 3 can
only be applied to the construction stage of Derome’s operations in Géinge by and
Goingegarden. CSRD requires reporting over the full value chain which requires
even more indicators being developed. Since Derome uses a lot of wood in their
constructions, it is likely that the forestry producing the raw material has a large
impact on biodiversity and ESs which therefore needs to be investigated further.
However, the combined framework DPSIR-E can be customised for every site of
Derome’s regarding developing indicators for ESs and biodiversity but it has to be
done individually for each site.

6.2 Contributions

This master’s thesis contributes to increased knowledge regarding reporting accord-
ing to ESRS E4 and the results shows new knowledge contributing to the research
field. Since the thesis is made in cooperation with Derome, the results are aimed at
tailoring the combined framework to suit their needs. However, the framework can
be used by other actors in the construction and building sector, and can therefore be
seen as contributing to increased knowledge regarding reporting according to ESRS
E4. Furthermore, the combined framework DPSIR-E and the resulting indicators for
Goinge by and Goingegarden contribute to increased knowledge in the field because
they are examples on how to deal with the issue of measuring on ESs and biodiver-
sity, and not only on ESRS E4. This includes indicators which concern cultural ESs
which are important in residential areas. The mapping of current Swedish legisla-
tion and upcoming reporting demands (ESRS E4) regarding ESs and biodiversity
from the EU resulted in a comprehensive overview. During the initial parts of the
thesis, the master’s thesis written by Andréasson (2023) was used, which focuses
on how businesses operate with and understand biodiversity. Further, the study
by Moss et al. (2021) was used since it included an implementation of the DPSIR
framework. This master’s thesis provides a more specific analysis focusing on ESRS
E4 and only one company, Derome, in contrast to the thesis written by Andréasson
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(2023). Further, the framework presented in this master’s thesis has been modified
from the one presented in Moss et al. (2021) to include three additional steps to
suit the aim of the thesis.

6.3 Future research

The limitations of this master’s thesis opens up for future research within this field.
The most important aspect for future research is a standardised method for mea-
suring and reporting ESs and biodiversity, according to ESRS E4. As previously
mentioned, sector specific indicators or instructions need to be provided in order
to properly measure the impact of different operations. Further validation of the
final indicators for Goinge by and Goéingegarden and construction sites in general
could be done for future research, likewise with the usage of DPSIR-E to develop
indicators for a different operation. Long-term monitoring of the effect of tracking
and measuring these indicators could provide valuable insights into the effectiveness
of conservation and restoration efforts.
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Conclusions

The aim of the master’s thesis was to investigate how ESs and biodiversity can be
measured and how use the results to further report it aligned with CSRD, specifi-
cally ESRS E4. The findings in the results shows that for Derome’s operations, the
indicators derived from the combined DPSIR-E framework can be used for measur-
ing of ESs and biodiversity. Further, the measurements can be used for reporting
according to CSRD, more specifically ESRS E4. In general, the findings also high-
lights the importance of the right indicator for the situation, and the choosing of
them requires comprehensive knowledge of the area and of ESs and biodiversity
where the measurements take place. They have to be suitable in order to fulfill their
aim, and suitability of them varies since the aim of the indicators and measurements
also varies. Regarding the RQs, the following were concluded about the results, in
the same order:

1. The application of ESRS E4, on Derome’s operations regarding land-use, is
measuring ESs and biodiversity with indicators, to further align these with
Derome’s business plans and operations to restore and protect biodiversity
and ecosystems.

2. The usage of the combined framework DPSIR-E, which has DPSIR as a foun-
dation with additional steps, can be used to identify suitable indicators for
ESs and biodiversity to different operations and situations.

(a) To ensure suitability of the indicators, the word suitable defined according
to the four sub-questions to RQ 2, were all incorporated into the combined
framework DPSIR-E as individual steps. This was incorporated into step
1,2 and 8 in the DPSIR-E framework.

3. In total 22 suitable indicators were identified for Géinge by and Goéingegarden,
see Table 4.3.

Other conclusions found, related to the analysis or the results, were:

e The need for more detailed sector specific disclosure requirements are needed
to ensure comparability within the sector.

o There is a need for common monitoring data points (indicators) for nations
and sectors.

o There are difficulties in the translation from CSRD’s value chain perspective
into a site-specific level when monitoring, compiling data and reporting.

» To some extent, prior knowledge about ESs and biodiversity is a prerequisite
for using the combined framework in order to identify relevant and suitable
indicators for the situation.

o There is a contradiction between the complexity of ESRS E4 and companies’
current understanding of ESs and biodiversity. Hence in this master’s thesis
the balancing act between comprehensive and simple was difficult.

63






Bibliography

Abbass, K., Qasim, M. Z., Song, H., Murshed, M., Mahmood, H., and Younis, I.
(2022). A review of the global climate change impacts, adaptation, and sus-
tainable mitigation measures. Environmental Science and Pollution Research,
29(28)42539742559.https://doi.org/lo.1007/811356—022—19718—6.

Accountancy Europe (2023). FAQs:  all you mneed to know about
the  Corporate  Sustainability — Reporting  Directive. Accoun-
tancy  Europe. https://accountancyeurope.eu/publications/

fags-on-corporate-sustainability-reporting-directive/.

Alla Bolag (2023). Derome Aktiebolag - Koncernredovisning. Alla Bolag. https:
//www.allabolag.se/5561204487/bokslut.

Andréasson, H. (2023). Bussnisess & Biodiversity - How businesses understand and
work with biodiversity. [Master’s thesis, Chalmers University of Technology].
Master thesis. https://rb.gy/a45218.

Aseel, S., Al-Yafei, H., Kucukvar, M., and Onat, N. C. (2021). Life Cycle Air
Emissions and Social Human Health Impact Assessment of Liquified Natu-
ral Gas Maritime Transport. FEnergies, 14(19). https://doi.org/10.3390/
enl14196208.

Berghofer, A. and Schneider, A. (2015). Indicators for Managing Ecosystem Ser-
vices — Options & Eramples. Helmholtz Zentrum fiir Umweltforschung (UFZ)
Leipzig GmbH & Deutsche Gesellschaft fiir Internationale Zusammenarbeit
(GIZ) GmbH. https://shorturl.at/t2zK2.

Boverket (2020). Gronytefaktor — rikna med ekosystemtjanster. Bover-
ket. https://www.boverket.se/sv/PBL-kunskapsbanken/teman/
ekosystemt janster/verktyg/gronytefaktor/.

Boverket (2021). Naturvirdesinventering. Boverket. https://shorturl.at/gptKN.

Boverket (2023a). Behov av bostadsbyggande 2023-2030. Boverket. https:
//shorturl.at/ikGIQ.

Boverket (2023b). Ldget pa bostadsmarknaden i riket. Boverket. https://rb.gy/
tcv9xb.

65


https://doi.org/10.1007/s11356-022-19718-6
https://accountancyeurope.eu/publications/faqs-on-corporate-sustainability-reporting-directive/
https://accountancyeurope.eu/publications/faqs-on-corporate-sustainability-reporting-directive/
https://www.allabolag.se/5561204487/bokslut
https://www.allabolag.se/5561204487/bokslut
https://rb.gy/a45218
https://doi.org/10.3390/en14196208
https://doi.org/10.3390/en14196208
https://shorturl.at/t2zK2
https://www.boverket.se/sv/PBL-kunskapsbanken/teman/ekosystemtjanster/verktyg/gronytefaktor/
https://www.boverket.se/sv/PBL-kunskapsbanken/teman/ekosystemtjanster/verktyg/gronytefaktor/
https://shorturl.at/gptKN
https://shorturl.at/ikGIQ
https://shorturl.at/ikGIQ
https://rb.gy/tcv9x5
https://rb.gy/tcv9x5

Bibliography

Boverket (2023c). Nationell kartliggning av tradtickning i storre tatorter. Boverket.
https://www.boverket.se/sv/samhallsplanering/sa-planeras-sverige/
planeringsfragor/ekosystemtjanster/tradtackning/.

Boverket (2023).  Process for oversiktsplanering och strategisk miljébedémning.
Boverket. https://www.boverket.se/sv/PBL-kunskapsbanken/planering/
oversiktsplan/processen-for-oversiktsplanering/.

Boverket (2024). Oversiktsplanen. Boverket. https://shorturl.at/wKNUZ.

Boverket (n.d.). Andel tradtickning per stadsdel. Boverket. [Map]. https:
//shorturl.at/CXIPC.

Braun, V. and Clarke, V. (2021). Thematic Analysis - A Practical Guide. SAGE
Publications Ltd.

Brown, C., Reyers, B., Ingwall-King, L., Mapendembe, A., Nel, J,
O’Farrell, P., Dixon, M., and Bowles-Newark, N. J. (2014). Measur-
ing ecosystem services guidance on development ecosystem services indica-
tors. https://nicholasinstitute.duke.edu/sites/default/files/6.6.
a-Brown_et_al_2014.pdf.

CBD (2006). Article 2. Use of Terms. Convention on Biological Diversity. https:

//www.cbd.int/convention/articles/7a=cbd-02.

CBD (2020). INDICATORS FOR THE POST-2020 GLOBAL BIODIVERSITY
FRAMEWORK. Convention on Biological Diversity. https://www.cbd.int/
sbstta/sbstta-24/post2020-indicators—-en.pdf.

CBD (2022). Decision Adopted by the Conference of the Parties to the Convention
on Biological Diversity. Convention on Biological Diversity. https://www.cbd.
int/doc/decisions/cop-15/cop-15-dec-04-en.pdf.

Chang, J., Qu, Z., Xu, R., Pan, K., Xu, B., Min, Y., Ren, Y., Yang, G., and Ge,
Y. (2017). Assessing the ecosystem services provided by urban green spaces
along urban center-edge gradients. Scientific Reports, 7. https://doi.org/
10.1038/s41598-017-11559-5.

Deloitte  (2024). Your guide to CSRD and ESRS. https:
//www2.deloitte.com/content/dam/Deloitte/dk/Documents/
Your-guide-to-CSRD-and-ESRS-24.pdf.

Derome (2023a). For en hallbar morgondag - Hallbarhetsredovisning 2022. Derome.
https://issuu.com/deromegruppen/docs/h_llbarhetsredovisning 2022_
issu?fr=sNDk2NzYwNTkxMzk.

Derome (2023b).  Om Derome. Derome. https://www.derome.se/privat/

om—-derome.

66


https://www.boverket.se/sv/samhallsplanering/sa-planeras-sverige/planeringsfragor/ekosystemtjanster/tradtackning/
https://www.boverket.se/sv/samhallsplanering/sa-planeras-sverige/planeringsfragor/ekosystemtjanster/tradtackning/
https://www.boverket.se/sv/PBL-kunskapsbanken/planering/oversiktsplan/processen-for-oversiktsplanering/
https://www.boverket.se/sv/PBL-kunskapsbanken/planering/oversiktsplan/processen-for-oversiktsplanering/
https://shorturl.at/wKNUZ
https://shorturl.at/CXIPC
https://shorturl.at/CXIPC
https://nicholasinstitute.duke.edu/sites/default/files/6.6.a-Brown_et_al_2014.pdf
https://nicholasinstitute.duke.edu/sites/default/files/6.6.a-Brown_et_al_2014.pdf
https://www.cbd.int/convention/articles/?a=cbd-02
https://www.cbd.int/convention/articles/?a=cbd-02
https://www.cbd.int/sbstta/sbstta-24/post2020-indicators-en.pdf
https://www.cbd.int/sbstta/sbstta-24/post2020-indicators-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://doi.org/10.1038/s41598-017-11559-5
https://doi.org/10.1038/s41598-017-11559-5
https://www2.deloitte.com/content/dam/Deloitte/dk/Documents/Your-guide-to-CSRD-and-ESRS-24.pdf
https://www2.deloitte.com/content/dam/Deloitte/dk/Documents/Your-guide-to-CSRD-and-ESRS-24.pdf
https://www2.deloitte.com/content/dam/Deloitte/dk/Documents/Your-guide-to-CSRD-and-ESRS-24.pdf
https://issuu.com/deromegruppen/docs/h_llbarhetsredovisning_2022_issu?fr=sNDk2NzYwNTkxMzk
https://issuu.com/deromegruppen/docs/h_llbarhetsredovisning_2022_issu?fr=sNDk2NzYwNTkxMzk
https://www.derome.se/privat/om-derome
https://www.derome.se/privat/om-derome

Bibliography

Derome (n.d.a). Géinge by - en ny smart stadsdel i trd i Varberg. Derome. https:
//www .deromebostad.se/lan-kommuner/halland/varberg/goinge-by.

Derome (n.d.b). Géingegarden i Varberg. Derome. https://www.deromebostad.
se/bostadsutveckling/omraden-vi-byggt/goingegarden.

Dublin, H. (n.d.). IUCN Red List of Threatened Species. En-
cyclopedia Britannica. https://www.britannica.com/topic/
IUCN-Red-List-of-Threatened-Species.

Dupont, C., Moore, B., Boasson, E. L., Gravey, V., Jordan, A., Kivimaa, P.
Kulovesi, K., Kuzemko, C., Oberthiir, S., Panchuk, D., Rosamond, J., Tor-
ney, D., Tosun, J., and von Homeyer, 1. (2024). Three decades of EU climate
policy: Racing toward climate neutrality? WIRFEs Climate Change, 15(1):e863.
https://doi.org/10.1002/wcc.863.

Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R. T., Molnar,
Z., Hill, R., Chan, K. M. A., Baste, I. A., Brauman, K. A., Polasky, S.,
Church, A., Lonsdale, M., Larigauderie, A., Leadley, P. W., van Ouden-
hoven, A. P. E., van der Plaat, F., Schroter, M., Lavorel, S., Aumeeruddy-
Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., Failler,
P., Guerra, C. A., Hewitt, C. L., Keune, H., Lindley, S., and Shirayama, Y.
(2018). Assessing nature’s contributions to people. Science, 359(6373):270—
272. https://doi.org/10.1126/science.aap8826.

EC (2015). The EU birds and habitats directives — For nature and people in Europe.
Publications Office. https://data.europa.eu/doi/10.2779/49288.

EC (2019). Communication from the commission, The European Green Deal. Eu-
ropean Commission. https://eur-lex.europa.eu/legal-content/EN/TXT/
7uri=CELEX’,3A52019DC0640.

EC (2023a). Biodiversity strategy for 2030. European Comission. https://
environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en.

EC (2023b). Corporate sustainability reporting. European Commission. https:
//t.1y/GA1fT.

EC, Directorate-General for Environment (2021). EU biodiversity strategy for 2030:
Bringing nature back into our lives. Publications Office of the European Union.
https://data.europa.eu/doi/10.2779/677548.

EEA (1999). Environmental indicators: Typology and overview. European Environ-
ment Agency. https://www.eea.europa.eu/publications/TEC25.

EEA (2003). Environmental Indicators: Typology and Use in Reporting. European
Environmental Agency. https://www.eea.europa.eu/publications/TEC25.

EEA (2020). Biodiversity - Ecosystems — European Environment Agency. European

67


https://www.deromebostad.se/lan-kommuner/halland/varberg/goinge-by
https://www.deromebostad.se/lan-kommuner/halland/varberg/goinge-by
https://www.deromebostad.se/bostadsutveckling/omraden-vi-byggt/goingegarden
https://www.deromebostad.se/bostadsutveckling/omraden-vi-byggt/goingegarden
https://www.britannica.com/topic/IUCN-Red-List-of-Threatened-Species
https://www.britannica.com/topic/IUCN-Red-List-of-Threatened-Species
https://doi.org/10.1002/wcc.863
https://doi.org/10.1126/science.aap8826
https://data.europa.eu/doi/10.2779/49288
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0640
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0640
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://t.ly/Gd1fT
https://t.ly/Gd1fT
https://data.europa.eu/doi/10.2779/677548
https://www.eea.europa.eu/publications/TEC25
https://www.eea.europa.eu/publications/TEC25

Bibliography

Environment Agency. https://www.eea.europa.eu/themes/biodiversity/
intro.

EFRAG (2023). ESRS E/ - Biodiversity and Ecosystems. European Sustainability
Reporting Standards. https://rb.gy/hpabyj.

EFRAG and Raad voor de Jaarverslaggeving (2022). RJ/EFRAG Outreach event
Sustainability Reporting (ESRS ED). EFRAG. https://rb.gy/9bowbc.
Eniro (2024). Kartor - Eniro. Eniro. [Map|. https://kartor.eniro.se/s%C3%B6k/

varberg-g/C3%B6ingeg’C3%Abrden.

ESRI (n.d.). Estimating forest canopy density and height. ESRI. https:
//desktop.arcgis.com/en/arcmap/latest/manage-data/las-dataset/
lidar-solutions-estimating-forest-density-and-height.htm.

EU (2023). Commission Delegated Regulation (EU) 2023/2772 of 31 July 2023
supplementing Directive 2013/34/EU of the European Parliament and of the
Council as regards sustainability reporting standards. European Union. http:
//data.europa.eu/eli/reg_del/2023/2772/0j/eng.

European Council (2023). European Green Deal. European Council. https://www.
consilium.europa.eu/en/policies/green-deal.

Eurostat (n.d.). Emissions of greenhouse gases and air pollutants. Eurostat.
https://ec.europa.eu/eurostat/web/environment/information-data/
emissions-greenhouse-gases—air-pollutants.

Fetting, C. (2020). The European Green Deal, volume 53. ESDN Office Vienna,
Austria.

Gabrielsen, P. and Bosch, P. (2003). Environmental Indicators: Typology and Use
in Reporting. European Environment Agency. https://rb.gy/ygyw95.

GRI (n.d.). Global Reoprting Initiative. GRI. https://www.globalreporting.
org/.

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X.,
and Briggs, J. M. (2008). Global Change and the Ecology of Cities. Science,
319(5864):756-760. https://doi.org/10.1126/science.1150195.

Grote, R., Samson, R., Alonso, R., Amorim, J. H., Carinanos, P., Churkina, G.,
Fares, S., Thiec, D. L., Niinemets, U., Mikkelsen, T. N., Paoletti, E., Tiwary,
A., and Calfapietra, C. (2016). Functional traits of urban trees: air pollution
mitigation potential. Frontiers in Ecology and the Environment, pages 543-550.
https://onlinelibrary.wiley.com/doi/abs/10.1002/fee.1426.

Hald-Mortensen, C. (2023). The Main Drivers of Biodiversity Loss: A Brief
Overview. Journal of Ecology and Natural Resources. https://ssrn.com/
abstract=4579821.

68


https://www.eea.europa.eu/themes/biodiversity/intro
https://www.eea.europa.eu/themes/biodiversity/intro
https://rb.gy/hpa5yj
https://rb.gy/9bowbc
https://kartor.eniro.se/s%C3%B6k/varberg-g%C3%B6ingeg%C3%A5rden
https://kartor.eniro.se/s%C3%B6k/varberg-g%C3%B6ingeg%C3%A5rden
https://desktop.arcgis.com/en/arcmap/latest/manage-data/las-dataset/lidar-solutions-estimating-forest-density-and-height.htm
https://desktop.arcgis.com/en/arcmap/latest/manage-data/las-dataset/lidar-solutions-estimating-forest-density-and-height.htm
https://desktop.arcgis.com/en/arcmap/latest/manage-data/las-dataset/lidar-solutions-estimating-forest-density-and-height.htm
http://data.europa.eu/eli/reg_del/2023/2772/oj/eng
http://data.europa.eu/eli/reg_del/2023/2772/oj/eng
https://www.consilium.europa.eu/en/policies/green-deal
https://www.consilium.europa.eu/en/policies/green-deal
https://ec.europa.eu/eurostat/web/environment/information-data/emissions-greenhouse-gases-air-pollutants
https://ec.europa.eu/eurostat/web/environment/information-data/emissions-greenhouse-gases-air-pollutants
https://rb.gy/ygyw95
https://www.globalreporting.org/
https://www.globalreporting.org/
https://doi.org/10.1126/science.1150195
https://onlinelibrary.wiley.com/doi/abs/10.1002/fee.1426
https://ssrn.com/abstract=4579821
https://ssrn.com/abstract=4579821

Bibliography

I-Tree Eco (n.d.a). Itree Eco - Users manual. I-Tree Eco. https://wuw.itreetools.
org/documents/275/EcoV6_UsersManual.2021.09.22.pdf.

[-Tree Eco (n.d.b). MyTree - A tool to assess individual trees. 1-Tree Eco. https:
//mytree.itreetools.org/#/.

loja, C. I., Badiu, D. L., Haase, D., Hossu, A. C., and Nita, M. R. (2021). How about
water? Urban blue infrastructure management in Romania. Cities. https:
//doi.org/10.1016/j.cities.2020.103084.

IPBES (2016). The assessment report of the Intergovernmental Science-Policy
Platform on Biodiversity and FEcosystem Services on pollinators, pollination
and food production. IPBES Secretariat. https://doi.org/10.5281/zenodo.
3402857.

IPBES (2019). Summary for policymakers of the global assessment report on biodi-
versity assessment report on biodiversity and ecosystem services. IPBES secre-
tariat. https://doi.org/10.5281/zenodo.3553458.

IPBES (n.d.a). Glossary definitions. The Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services. https://www.ipbes.net/
glossary-definitions.

IPBES (n.d.b). What is IPBES? IPBES Secretariat. https://www.ipbes.net/
about.

I[UCN (n.d.). About IUCN. ITUCN. https://www.iucn.org/about-iucn.

IUCN Standards and Petitions Committee (2024). Guidelines for using the ITUCN
red list categories and criteria. https://www.iucnredlist.org/documents/
RedListGuidelines.pdf.

Jaureguiberry, P., Titeux, N., Wiemers, M., Bowler, D. E., Coscieme, L., Golden,
A. S., Guerra, C. A., Jacob, U., Takahashi, Y., Settele, J., Diaz, S., Molnar,
Z., and Purvis, A. (2022). The direct drivers of recent global anthropogenic
biodiversity loss. Science Advances, 8(45):cabm9982. https://doi.org/10.
1126/sciadv.abm9982.

Jianguo Wu, Wei-Ning Xiang, and Jingzhu Zhao (2014). Urban ecology in China:
Historical developments and future directions. Landscape and Urban Planning,
125:222-233. https://doi.org/10.1016/j.landurbplan.2014.02.010.

Jordbruksverket (n.d.a). Andel spannmdl av den totala dkerarealen efter skordeom-
raden samt normskord for vete och korn. Jordbruksverket. https://rb.gy/
uziptb.

Jordbruksverket (n.d.b). Pris pa dakermark, salda fastigheter, sald areal efter pro-
duktionsomrdide och storlek dkermark. Ar 2009-2022. Jordbruksverket. https:
//Tb.gy/t13s07.

69


https://www.itreetools.org/documents/275/EcoV6_UsersManual.2021.09.22.pdf
https://www.itreetools.org/documents/275/EcoV6_UsersManual.2021.09.22.pdf
https://mytree.itreetools.org/#/
https://mytree.itreetools.org/#/
https://doi.org/10.1016/j.cities.2020.103084
https://doi.org/10.1016/j.cities.2020.103084
https://doi.org/10.5281/zenodo.3402857
https://doi.org/10.5281/zenodo.3402857
https://doi.org/10.5281/zenodo.3553458
https://www.ipbes.net/glossary-definitions
https://www.ipbes.net/glossary-definitions
https://www.ipbes.net/about
https://www.ipbes.net/about
https://www.iucn.org/about-iucn
https://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://doi.org/10.1126/sciadv.abm9982
https://doi.org/10.1126/sciadv.abm9982
https://doi.org/10.1016/j.landurbplan.2014.02.010
https://rb.gy/uziptb
https://rb.gy/uziptb
https://rb.gy/tl3s07
https://rb.gy/tl3s07

Bibliography

Kallio, H., Pietild, A.-M., Johnson, M., and Kangasniemi, M. (2016). System-
atic methodological review: developing a framework for a qualitative semi-
structured interview guide. Journal of Advanced Nursing, 72(12):2954-2965.
https://doi.org/10.1111/jan.13031.

Lazarova, T. (2017). Models of drivers of biodiversity and ecosystem change. IPBES.
https://www.ipbes.net/node/16157.

Li, G., Fang, C., Li, Y., Wang, Z., Sun, S., He, S., Qi, W., Bao, C., Ma, H., Fan,
Y., Feng, Y., and Liu, X. (2022). Global impacts of future urban expansion on
terrestrial vertebrate diversity. Nature Communications, 13(1):1628. https:
//doi.org/10.1038/s41467-022-29324-2.

Lindved, Hakan (2016). Miljokonsekvensbeskrivning - Planprogram for Sédra Tron-
ninge, Varbergs kommun. Ramboll.

Lénsstyrelsen (n.d.). Dispens och tillstand for aktivitet eller atgdrd i skyddat natur-
omrade. Lénsstyrelsen Vistra Gotaland. https://rb.gy/krc2cw.

Lénsstyrelsen Hallands Lan (2022). Jordbruksmarken i planeringen - En vdgled-
ning fran Lansstyrelsen om jordbruksmarken i samhdllsplaneringen. Meddelande
2022:13. Lansstyrelsen Hallands Lan. https://catalog.lansstyrelsen.se/
store/24/resource/135.

MA (2005). Ecosystems and human well-being, volume 5. Island press Washing-
ton, DC. https://www.millenniumassessment.org/documents/document.
356 .aspx.pdf.

Mao, Q., Wang, L., and Xu, G. (2020). Evaluating cultural ecosystem services of
urban residential green spaces from the perspective of residents’ satisfaction
with green space. Frontiers in public health, 8:519459. https://doi.org/10.
3389/fpubh.2020.00226.

Matos, P., Vieira, J., Rocha, B., Branquinho, C., and Pinho, P. (2019). Modeling the
provision of air-quality regulation ecosystem service provided by urban green
spaces using lichens as ecological indicators. Science of The Total Environment,
665:521-530. https://doi.org/10.1016/j.scitotenv.2019.02.023.

Meadows, D. (1998). Indicators and information systems for sustainable de-
velopment. The Sustainability Institute. https://donellameadows.org/
wp-content/userfiles/IndicatorsInformation.pdf.

Mitchell, G., May, A., and Mcdonald, A. (1995). PICABUE: A methodological
framework for the development of indicators of sustainable development. The
International Journal of Sustainable Development & World Ecology, 2:104-123.
https://doi.org/10.1080/13504509509469893.

Moss, E. D., Evans, D. M., and Atkins, J. P. (2021). Investigating the impacts of

70


https://doi.org/10.1111/jan.13031
https://www.ipbes.net/node/16157
https://doi.org/10.1038/s41467-022-29324-2
https://doi.org/10.1038/s41467-022-29324-2
https://rb.gy/krc2cw
https://catalog.lansstyrelsen.se/store/24/resource/135
https://catalog.lansstyrelsen.se/store/24/resource/135
https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://doi.org/10.3389/fpubh.2020.00226
https://doi.org/10.3389/fpubh.2020.00226
https://doi.org/10.1016/j.scitotenv.2019.02.023
https://donellameadows.org/wp-content/userfiles/IndicatorsInformation.pdf
https://donellameadows.org/wp-content/userfiles/IndicatorsInformation.pdf
https://doi.org/10.1080/13504509509469893

Bibliography

climate change on ecosystem services in UK agro-ecosystems: An application
of the DPSIR framework. Land Use Policy, 105. https://doi.org/10.1016/
j.landusepol.2021.105394.

MSB (2023). Virmekartering. MSB. [Map]. https://geovis-msb-vk.metria.se.

Muradian, R. and Gémez-Baggethun, E. (2021). Beyond ecosystem services and
nature’s contributions: Is it time to leave utilitarian environmentalism behind?
Ecological Economics, 185:107038. https://doi.org/10.1016/j.ecolecon.
2021.107038.

National Geographic (2023). Runoff. National Geographic. https://education.
nationalgeographic.org/resource/runoff/.

NatureScot  (2023). Ecosystem  services - nature’s  benefits. Na-
tureScot. https://www.nature.scot/scotlands-biodiversity/
scottish-biodiversity-strategy-and-copl5/ecosystem-approach/
ecosystem-services—-natures—-benefits.

Naturvardsverket — (2023). Biotope  protection  areas. https:
//www.naturvardsverket.se/en/topics/protected-areas/
different-types-of-nature-conservation/biotope-protection-areas/.

Naturvardsverket (n.d.a). Invasiva frammande arter. Naturvardsverket. https:
//www.naturvardsverket.se/amnesomraden/invasiva-frammande-arter/
#E£1189404247.

Naturvardsverket (n.d.b). Om Miljébalken. Naturvardsverket. https://www.
naturvardsverket.se/lagar-och-regler/om-mil jobalken/.

Naturvardsverket (n.d.c). Skyddad natur. Naturvardsverket. [Map]. https:
//skyddadnatur.naturvardsverket.se/.

Neugarten, R., Chaplin-Kramer, R., Sharp, R., Schuster, R., Strimas-Mackey, M.,
Roehrdanz, P., Mulligan, M., van Soesbergen, A., Hole, D., Kennedy, C.,
Oakleaf, J., Johnson, J., Kiesecker, J., Polasky, S., Hanson, J., and Rode-
wald, A. (2024). Mapping the planet’s critical areas for biodiversity and
nature’s contributions to people. Nature Communications, 15(1). https:
//doi.org/10.1038/s41559-022-01934-5.

Odobasa, R. and Marosevi¢, K. (2023). Expected contributions of the european
corporate sustainability reporting directive (CSRD) to the sustainable develop-
ment of the European Union. FU and comparative law issues and challenges
series (ECLIC), 7:593-612. https://doi.org/10.25234/eclic/27463.

Peh, K., Balmford, A., Bradbury, R., Brown, C., Butchart, S., Hughes, F.
Ingwall-Kling, L., MacDonald, M., Pellier, A.-S., Stattersfield, A., Thomas,
D., Trevelyan, R., Walpole, M., and Merriman, J. (2022). Toolkit for Ecosys-

71


https://doi.org/10.1016/j.landusepol.2021.105394
https://doi.org/10.1016/j.landusepol.2021.105394
https://geovis-msb-vk.metria.se
https://doi.org/10.1016/j.ecolecon.2021.107038
https://doi.org/10.1016/j.ecolecon.2021.107038
https://education.nationalgeographic.org/resource/runoff/
https://education.nationalgeographic.org/resource/runoff/
https://www.nature.scot/scotlands-biodiversity/scottish-biodiversity-strategy-and-cop15/ecosystem-approach/ecosystem-services-natures-benefits
https://www.nature.scot/scotlands-biodiversity/scottish-biodiversity-strategy-and-cop15/ecosystem-approach/ecosystem-services-natures-benefits
https://www.nature.scot/scotlands-biodiversity/scottish-biodiversity-strategy-and-cop15/ecosystem-approach/ecosystem-services-natures-benefits
https://www.naturvardsverket.se/en/topics/protected-areas/different-types-of-nature-conservation/biotope-protection-areas/
https://www.naturvardsverket.se/en/topics/protected-areas/different-types-of-nature-conservation/biotope-protection-areas/
https://www.naturvardsverket.se/en/topics/protected-areas/different-types-of-nature-conservation/biotope-protection-areas/
https://www.naturvardsverket.se/amnesomraden/invasiva-frammande-arter/#E1189404247
https://www.naturvardsverket.se/amnesomraden/invasiva-frammande-arter/#E1189404247
https://www.naturvardsverket.se/amnesomraden/invasiva-frammande-arter/#E1189404247
https://www.naturvardsverket.se/lagar-och-regler/om-miljobalken/
https://www.naturvardsverket.se/lagar-och-regler/om-miljobalken/
https://skyddadnatur.naturvardsverket.se/
https://skyddadnatur.naturvardsverket.se/
https://doi.org/10.1038/s41559-022-01934-5
https://doi.org/10.1038/s41559-022-01934-5
https://doi.org/10.25234/eclic/27463

Bibliography

tem Service Site-based assessment. Version 3.0. Cambridge, UK. Tessa. https:
//tessa.tools/.

Potschin-Young, M., Haines-Young, R., Gorg, C., Heink, U., Jax, K., and Schleyer,
C. (2018). Understanding the role of conceptual frameworks: Reading the

ecosystem service cascade, volume 29. Elsevier. https://doi.org/10.1016/
j.ecoser.2017.05.015.

Pravalie, R. (2021). Exploring the multiple land degradation pathways across the
planet. FEarth-Science Reviews, 220. https://doi.org/10.1080/19475705.
2021.1951363.

Region Skane (2023). 3-30-300 i Skdne. Region Skane. https://utveckling.
skane.se/siteassets/publikationer/3-30-300-i-skane-slutrapport_
slutligl.pdf.

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S. E., Donges, J. F.,
Driike, M., Fetzer, 1., Bala, G., von Bloh, W., Feulner, G., Fiedler, S., Gerten,
D., Gleeson, T., Hofmann, M., Huiskamp, W., Kummu, M., Mohan, C., Nogués-
Bravo, D., Petri, S., Porkka, M., Rahmstorf, S., Schaphoff, S., Thonicke, K.,
Tobian, A., Virkki, V., Wang-Erlandsson, L., Weber, L., and Rockstrom, J.
(2023). Earth beyond six of nine planetary boundaries. Science Advances,
9(37):eadh2458. https://doi.org/10.1126/sciadv.adh2458.

Roswell, M., Dushoff, J., and Winfree, R. (2021). A conceptual guide to measuring
species diversity. Oikos, 130(3). https://doi.org/10.1111/0ik.07202.
Ryegard, A. and Akerskog, A. (2020). Miljobedémningar i miljébalken. Studentlit-

teratur.

Saleh, M., Ashqar, H. 1., Alary, R., Mahfouf Bouchareb, E., Bouchareb, R., Dizge,
N., and Balakrishnan, D. (2024). Chapter 5 - Biodiversity for ecosystem services
and sustainable development goals. In Biodiversity and Bioeconomy, pages 81—
110. Elsevier. https://doi.org/10.1016/B978-0-323-95482-2.00005-5.

SCB (2024). Befolkningsprognos for Sverige. Statistiska centralbyran. https://
shorturl.at/oqvFY.

SFS 1998:808 (1999). Miljobalk. Regeringskansliet. https://rkrattsbaser.gov.
se/sfst?fritext=1998-808&upph=false.

SFS 2010:900 (2010a).  Plan- och bygglag.  Regeringskansliet.  https://
rkrattsbaser.gov.se/sfst?bet=2010:900.

SFS 2010:900 (2010b).  Plan- och bygglag.  Regeringskansliet.  https://
rkrattsbaser.gov.se/sfst?bet=2010:900.

Slatmo, E. (2017). Preservation of agricultural land as an issue of societal im-

72


https://tessa.tools/
https://tessa.tools/
https://doi.org/10.1016/j.ecoser.2017.05.015
https://doi.org/10.1016/j.ecoser.2017.05.015
https://doi.org/10.1080/19475705.2021.1951363
https://doi.org/10.1080/19475705.2021.1951363
https://utveckling.skane.se/siteassets/publikationer/3-30-300-i-skane-slutrapport_slutlig1.pdf
https://utveckling.skane.se/siteassets/publikationer/3-30-300-i-skane-slutrapport_slutlig1.pdf
https://utveckling.skane.se/siteassets/publikationer/3-30-300-i-skane-slutrapport_slutlig1.pdf
https://doi.org/10.1126/sciadv.adh2458
https://doi.org/10.1111/oik.07202
https://doi.org/10.1016/B978-0-323-95482-2.00005-5
https://shorturl.at/oqvFY
https://shorturl.at/oqvFY
https://rkrattsbaser.gov.se/sfst?fritext=1998-808&upph=false
https://rkrattsbaser.gov.se/sfst?fritext=1998-808&upph=false
https://rkrattsbaser.gov.se/sfst?bet=2010:900
https://rkrattsbaser.gov.se/sfst?bet=2010:900
https://rkrattsbaser.gov.se/sfst?bet=2010:900
https://rkrattsbaser.gov.se/sfst?bet=2010:900

Bibliography

portance. Rural Landscapes: Society, Environment, History, 4(1). https:
//doi.org/10.16993/r1.39.

SLU Artdatabanken (2020). Rodlistade arter i Sverige 2020. SLU, Uppsala. https:
//shorturl.at/oSIAT.

Smith, I. A., Fabian, M. P., and Hutyra, L. R. (2023). Urban green space and
albedo impacts on surface temperature across seven united states cities. Sci-
ence of The Total Environment, 857:159663. https://doi.org/10.1016/j.
scitotenv.2022.159663.

Stockholm Stad (2021). GYF - Gronytefaktor for kvartersmark. Stockholm stad.
https://shorturl.at/1X648.

Sorensen, J. (2015). Naturvdirdesinventering sédra Trénninge, Varbergs kommun
2015. Calluna AB 2015.

Tobias, S., Conen, F., Duss, A., Wenzel, L. M., Buser, C., and Alewell, C. (2018).
Soil sealing and unsealing: State of the art and examples. Land Degradation &
Development. https://doi.org/10.1002/1dr.2919.

UN (2015). THE 17 GOALS. United Nations Department of Economic and Social
Affairs. https://sdgs.un.org/goals.

United Nations Environment Programme (2019). Background to Sustainability Re-
porting - Enhancing the Uptake and Impact of Corporate Sustainability Report-
ing: A Handbook and Toolkit for Policymakers and Relevant Stakeholders Sec-
tion A - Handbook. UNEP. https://wedocs.unep.org/20.500.11822/30663.

Varberg Kommun (2023). Kartliggning av ekosystemtjinster for Apelvikshdjd. Var-
berg Kommun.

Varbergs Kommun (2023). Kommunfakta. Varbergs Kommun. https://varberg.
se/kommun-och-politik/kommunfakta.

VISS (2020a). Svackdike. Vatteninformationssystem Sverige. https://shorturl.
at/BlWj0.

VISS (2020b). Vat damm. Vatteninformationssystem Sverige. https://shorturl.
at/YWCFt.

Wang, L. (2024). Assessment of land use change and carbon emission: A Log Mean
Divisa (LMDI) approach. Heliyon, 10(3):25669. https://doi.org/10.1016/
j-heliyon.2024.e25669.

Wu, J. (2014). Urban ecology and sustainability: The state-of-the-science and future
directions. Landscape and Urban Planning, 125:209-221. https://doi.org/
10.1016/j.landurbplan.2014.01.018.

Zhang, C., Li, J., and Zhou, Z. (2022). Ecosystem service cascade: Concept, review,
application and prospect. Fcological Indicators, 137:108766.

73


https://doi.org/10.16993/rl.39
https://doi.org/10.16993/rl.39
https://shorturl.at/oSIAT
https://shorturl.at/oSIAT
https://doi.org/10.1016/j.scitotenv.2022.159663
https://doi.org/10.1016/j.scitotenv.2022.159663
https://shorturl.at/lX648
https://doi.org/10.1002/ldr.2919
https://sdgs.un.org/goals
https://wedocs.unep.org/20.500.11822/30663
https://varberg.se/kommun-och-politik/kommunfakta
https://varberg.se/kommun-och-politik/kommunfakta
https://shorturl.at/BlWjO
https://shorturl.at/BlWjO
https://shorturl.at/YWCFt
https://shorturl.at/YWCFt
https://doi.org/10.1016/j.heliyon.2024.e25669
https://doi.org/10.1016/j.heliyon.2024.e25669
https://doi.org/10.1016/j.landurbplan.2014.01.018
https://doi.org/10.1016/j.landurbplan.2014.01.018

Bibliography

Zulian, G., Paracchini, M., Liquete, C., and Maes, J. (2013). ESTIMAP — Ecosystem

services mapping at European scale. Joint Research Centre and Institute for En-
vironment and Sustainability. https://data.europa.eu/doi/10.2788/64369.

74


https://data.europa.eu/doi/10.2788/64369

Al

A

Appendix

Search words

Table A.1: Search words used in Scopus and Google Scholar for collection of secondary

data.

Search words

Air quality
Alteration
Biodiversity
Construction site
Cultural ecosystem services
Deforestation
Ecological

Emissions

ESRS

Evaluation
Framework

Global

Habitat

Human health
Indicators

Invasive alien species
Land degradation
Land-use change
Method

Native species
Phenotypic
Planetary boundaries
Pollination
Provisioning
Runoff

Society

Soil formation
Species diversity
Supporting
Thematic analysis
Urban expansion
Water

Water run-off

Agriculture

Analysis

Climate change
Construction stage
CSRD

Demand for housing
Ecosystem mapping
Ecological

ESRS E4
Exploitation
Genetic biodiversity
Global warming
Habitat fragmentation
Human well-being
Indirect drivers
Land conversion
Land transformation
Leaching

Millennium Ecosystem As-

sessment

NCP

Photosynthesis potential
Plantation

Pollinators

Purification
Semi-constructed interviews
Soil

Soil properties

Species evenness
Sustainable

Threatened species
Urbanisation

Water pollution

Yield

Alpha-beta-gamma diversity
Assessment

Change

Crop production
Decline

DPSIR

Ecosystem service
ES cascade
Eutrophication

Food security

GHG

Green corridors
Habitat modification
Increase

Invasive species
Land cover
Land-use
Measurable

Nature

Nutrient cycling
PICABUE
Pollution
Population growth
Regulating
Societal

Soil biodiversity
Soil sealing
Species richness
Sustainability reporting
Urban ecology
Vegetation cover
Water regulation
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A.2 Interview manuscript

There are in total 13 interview questions in the interview manuscript, excluding
follow-up questions. They are categorised according to the three RQs, with an ex-
ception for the introduction questions. These are present to provide more primary
data of the company’s own values. Further, the interview questions are all related
to the RQs to provide further primary data to the master’s thesis which can not be
achieved through literature study.

Introduction
o What does ecosystem services and biodiversity mean to you?
o How would you say ecosystem services and biodiversity are important to
Derome?

Reporting requirements for Biodiversity and ESs

o Have there been any challenges that you at Derome have encountered regard-
ing meeting these legal requirements for reporting biodiversity and ecosystem
services?

— How are these challenges addressed?

o How does Derome collaborate with relevant authorities or organisations to
ensure that their reporting on biodiversity and ecosystem services aligns with
legal requirements?

o Are there any specific demands or expectations from stakeholders or society
at large regarding Derome’s reporting on biodiversity and ecosystem services,
beyond legal requirements?

— How do you address these expectations?

Suitable Indicators for measuring Biodiversity and ESs

e Do you and if so, how do you involve various stakeholders at Derome when it
comes to biodiversity and ecosystem services in the company’s operations?

o How do you think a framework with indicators could assist you in your work
with biodiversity and ecosystem services?

« Do you see any difficulties and/or opportunities in using a framework to de-
velop indicators for biodiversity and ecosystem services for internal use within
the company?

How to identify indicators for Biodiversity and ESs
o Which actors, both external and internal, do you believe would benefit from
the results of the indicators?
o How would you use the results on biodiversity and ecosystem services within
the company, do you think?
o If so, how do you currently work with indicators on ecosystem services and
biodiversity?
— If not, how do you currently work with ecosystem services and biodiver-
sity?

IT
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o Why does Derome want to collect data regarding biodiversity and ecosystem
services for its activities?

o Are there any current sources of data/information on biodiversity and ecosys-
tem services that you currently utilise?

ITT
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A.3 The Swedish Environmental Code

Chapter

Paragraph and explanation

1§: The Swedish Environmental Code is meant to be applied to
ensure that damages on humans, the environment, biodiversity,
natural- and cultural environment, aquatic ecosystems are min-

imised (SF'S 1998:808).

2-38§: Precaution in terms of possible negative impacts on hu-
man health and the environment should be taken into consideration
when conducting any form of activity

5&: The use of material and harmful substances are to be used in
a manner that minimises the amount of waste and energy needed
for the project.

68§: The choice of area in terms of water and land should be made in
order to meet the purpose for the project whilst considering where
the smallest impact of the project might have on human health and
the environment.

8§: The approval for initiating any form of activity shall not be
in conflict with the detailed development plan created by the mu-
nicipality. If however any form of damage occurs from a project,
the part conducting the project is responsible. If the damage is
irreversible, the part responsible shall compensate for this.

9§: Projects that might result in damages must only be conducted
if the reason behind the project is considered to be beneficial for
the society. What is considered to be of societal benefit is decided
upon by the Swedish government.

10§: It is stated that water and land areas should be used for
the most suitable good for societal economising purposes (SFS
1998:808)

IV
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1-5,788: Agricultural practices for economising purposes, forestry
and areas containing materials useful for society are considered to
be of national interest and are therefore being favoured over con-
struction of residential buildings.

3§: Certain areas that are considered to be sensitive for change are
to be protected and hence avoid being used for activities.

6§: Areas with cultural and natural values are to be protected to
ensure outdoor life for people. Green areas in proximity or within
urban areas are of essence to ensure recreational values for people
in that area.

12§: It is the county administrator’s responsibility to collect
the result from investigations and mapping the areas within their
county. This information should be made available for the mu-
nicipality, governmental agencies or other potential actors that are
required to conduct an Environmental Impact Assessment (EIA)
(SE'S 1998:808).

1§: Exploitation of land area are only permitted if it is not in
conflict with 2-8§§ (which lists multiple areas of special interest by
name) or if it does not damage the natural and cultural values in
that area in a tangible manner.

2§: Areas that might be of relevance within the geographical
scope of this master’s thesis are the shoreline in Halland and Kul-
laberg and Hallandsdasen with the shoreline in its proximity (SFS
1998:808).

1§: The Swedish government has the authority to enforce Environ-
mental Quality Standards (EQS) in areas with the aim to ensure
a stable protection of that area in favour of the environment and
human health. The responsibility for ensuring that activities are
inline with the EQS is delegated to the municipalities and govern-
mental agencies.

48§: Activities are not to be permitted by the municipality or gov-
ernmental agencies if the water quality might be disturbed by that
activity.

5§: Permission for activities that might lead to effects which ex-
pose a risk for exceeding the EQS only can be approved if an action
plan and agreements on compensation are constructed. Permission
can be granted if positive effects on a longer time period and of
a larger area are considered to be of greater value than possible
negative effects short term and on a smaller area (SF'S 1998:808).
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VI

1§: Entails regulation regarding assessment of possible effects in
the environment, both for planning the state of a project and pos-
sible measures needed to be taken.

2§: Both direct or indirect effects of which are negative or pos-
itive, temporary or consisting, cumulative or non-cumulative and
impacts on different temporal scales are included.

3§: Governmental authorities or a municipality that constructs or
makes adjustments in the plan are obligated to create a Strategic
Environmental Assessment (SEA) if the adjustments might result
in effects on the environment in a substantial manner.

9§: The SEA should be done in consultation regarding the scope of
the assessment, include an Environmental Impact Statement (ELS)
and create space for opinions that might arise during the process.
The EIS and the opinions should be incorporated into the plan or
program. In cases where it is suitable the results from the SEA can
be used for regulatory purposes.

11§: The EIS should summarise the purpose and content of the
plan or program and how it is related to other programmes and
plans of relevance. The state of the environment and how it might
be affected if the plan or program is not implemented, if the area is
likely to be affected substantially, current environmental issues of
the area, its relation to EQS, possible effects on the environment
and how these can be mitigated. Finally, considerations that have
been taken into account should be included in the EIS.

13§: The extent of the EIS should be adapted to fit the methods
used, current legislation and the degree of detail according to the
plan or program.

15§: The municipality or the governmental agency should create
the EIS at an early stage of the plan or program and make this
available for the parties of interest and ensure that opinions re-
garding the EIS can be uttered.

16§: It should be stated how the decision on accepting a plan or
program including a SEA has been made by including how envi-
ronmental aspects has been incorporated, consideration regarding
the EIS and opinions, reasoning for accepting the specific plan or
program and lastly what measures are made to monitor the envi-
ronmental impact.

19§: The municipality or the governmental agency responsible are
obligated to get knowledge regarding the possible substantial im-
pact on the environment that the plan or program might entail.
20§: If needed, a specific environmental assessment (EA) can be
conducted.

238§: If the planned project might result in significant effects in the
environment, the impacts regarding the project must be examined
further to investigate if permission should be granted for continuing
with the project.
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24§: The investigation should be done in consultation between
the county administration, a supervisory authority and other actors
that may be affected by the environmental impact from the project.
26-2788§: It is later the county administration that are responsible
for deciding if the project might result in significant effects on the
environment which this can not be overruled in particular.
42-448§§: Permission for continuing the project should be done
based on the results from the EIS conducted in the specific EA and
should be made available for the parties involved as soon as possible
after the decision has been made (SF'S 1998:808).

7 1-148§: Right of public access, regulations on national parks, na-
ture reserves, areas of cultural reserves, natural monuments, pro-
tection of biotopes and shoreline protection etc., are explained.
7-8,11-12,178§8§: Areas that are classified as this are not to be ex-
ploited but should be protected. However, small activities might be
permitted in nature reserves, biotope protected areas or shoreline
protected areas if it is viewed as important for society. The decision
is made by the county administration, governmental agency or the
municipality that developed the protection.

18§: Further, projects might be permitted in shoreline protected
areas if it is considered to be of benefit for development of the coun-
tryside.

19-228§: Areas that are protected for environmental purposes and
for their water resources are protected by chapter seven 21-22§§
(SF'S 1998:808).

8 3§: the importance and obligations for actors to prevent introduc-
tion and mitigation of invasive species (SF'S 1998:808).

Table A.2: An overview of the parts of the Swedish Environment Code related to biodi-
versity, ecosystems and Derome.
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A.4 Relative pollination potential

Measuring RPP is a complex process since it depends on multiple factors. A more

detailed description of the calculations can be found in (Zulian et al., 2013).
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Figure A.1: Relative pollination potential (Zulian et al., 2013). CC-BY-4.0
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A.5 Air Pollutants Absorption Rate

In order to calculate the indicator called Air Pollutants Absorption Rate, in
the unit kg/year, calculations have to be made. The calculations include counting
the trees in a specific area, identifying the most common species and using a tool
called i-Tree Eco online. The calculations have a limitation, which is that the area
for the calculation has to be in Sweden due to data limitation.

Step 1:

Firstly, the tree cover percentage over the specific area must be determined. It can
be determined with the help of Boverket’s website and GIS-tool (MSB, 2023). Use
the map, determine the specific area and read the percentage of tree cover in the area.

Step 2:

Once the percentage of trees are determined in the area, the area consisting of trees
must be determined to get an estimation of the total no. of trees in the specific
area.

Tot. area (m®) - Tree coverage (%) = Area with trees (m”)

To estimate the total number of trees in the area, a smaller section of area will help
estimate this. By taking a square of land area, count the number of trees there and
then use the results from the last calculation, an estimation of the total number of
trees can be made.

trees
m2

Area with trees (m”)-No. of trees in a specific area ( ) = Tot. number of trees
Step 3:

As previously mentioned, the most common species of trees must be determined.
The reason behind is that the online tool i-Tree Eco needs specific species and the
no. of trees to determine the Air Pollutants Absorption Rate.

Step 4:

Insert all gathered data into the i-Tree Eco online tool and read the results (I-Tree
Eco, ndb). Note that the results are per 20 years, so divide the numbers with 20 to
get it annually.
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A.6 Step 8: Evaluation of indicators for Goingeby

A.6.1 Species richness

Species richness meets three out of the four evaluation criteria. The use of this
measurement is to some extent relevant for Derome since it will provide both the
company and other stakeholders with information regarding impacts on species that
their operation has. To ensure that the second evaluation criteria would be met,
a reference value would be needed for the audience to assess if the result of the
indicator is high or low. Further, there are a few more downsides with this measure.
Species richness is a time consuming and resource demanding process which requires
biological knowledge, which none of the employees at Derome has. Therefore, using
species richness as an indicator for biodiversity for Derome is not favourable since
it fails to meet the third evaluation criteria. However, species richness is a widely
used measure which leads to the last criteria being met (Roswell et al., 2021).

A.6.2 Pollination potential

Pollination potential passed three out of four of the criteria in the evaluation step.
Pollination and pollinators are of importance and hence mentioned several times in
ESRS E4 because of this (EFRAG, 2023). Because of its strong connection to ESRS
E4 it is a relevant indicator for the user. Moreover, the indicator is considered
understandable since it is a percentage and the higher the better. On the third
criteria it did not pass, due to lack of data and measurability. It is a complicated
process to measure this and therefore it is not suitable for Derome to measure this
at Goingeby (Zulian et al., 2013). However, it does show meaningful results and is
scientifically valid because it is the EU which created the index.

A.6.3 Biotope protection areas

Biotope protection areas are measured in both no. of different biotope protection
areas and no. of each biotope. Using the two metrics enables Derome to report
according to ESRS E4 since the effects that their operations have on protected areas
shall be disclosed but also that it is an important site for biodiversity (EFRAG,
2023). Further, the two metrics are designed to be complementary with the aim
of generating both information on quantity and quality of the biotope protected
areas that are assessed. The second criteria is considered to be met since the results
of the metrics are easy to understand. However, there might be some difficulties
in understanding what is considered as better when comparing the composition of
different biotope protection areas. Are five willow banks in one area more worth
than one line of tree and one stone fence in another? Moreover, the two metrics
are considered to be usable since information on this should be included in the NVI
conducted prior to construction and building. These metrics also display trends since
monitoring can be facilitated throughout the construction process, which leads to
the third criteria being met. Lastly, the indicators are considered to be scientifically
valid since the classification system is constructed by governmental bodies and are
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widely used within the construction industry and society. Given this reasoning, both
of the metrics and therefore the indicator is considered to have passed the evaluation
criteria.

A.6.4 Red listed species

The indicator Red listed species fulfils the first evaluation criteria since effects
on red listed species are required to be included according to ESRS E4 (EFRAG,
2023). The red list is understandable since it provides clear metrics regarding species
and their current state in the area. Further, data regarding red listed species are
accessible both in the NVI conducted prior to the construction and in the Swedish
version of the red list (SLU Artdatabanken, 2020). New assessments after the project
is done can also be made to show meaningful trends. Since the red list is provided
by IUCN, which is one of the leading organisations regarding the environment, the
source is to be considered scientific valid (IUCN, nd).

A.6.5 Threatened species

Threatened species is a categorisation that is included in the red list. It is included
since it is specifically mentioned in ESRS E4 which results in meeting the users
need (EFRAG, 2023). It is considered to be understandable since the terminology is
widely spread. Further, data regarding threatened species is accessible both through
the NVI and the Swedish version of the red list (SLU Artdatabanken, 2020). This
leads to the indicator being measurable and possible trends can be identified through
continuous observation and measurements in the area.

A.6.6 Protected area coverage

Protected area coverage contains multiple types of protected area (Lénsstyrelsen,
nd) and this indicator meets Derome’s need since it is included as a requirement
according to ESRS E4 (EFRAG, 2023). What is a protected area is considered to be
of common knowledge leading to the second evaluation criteria being met. Further,
the indicator is measured in ha or percentage which both leads to the third criteria
regarding possibility to measure and show trends being met. Lastly, measuring
the percentage of protected areas is used in the EU Biodiversity Strategy for 2030
which leads to the indicator being scientifically accepted (EC, Directorate-General
for Environment, 2021).

A.6.7 Soil sealing

Soil sealing is mentioned in ESRS E4 which results in the indicator being important
to enable Derome to fulfil the need for reporting according to ESRS E4 (EFRAG,
2023). To ensure that the second criteria, regarding understandable indicators is
met, soil sealing needs to be explained in short yet properly. The indicator is
measurable since data such as maps from the project plan and Google Earth can
be used (Peh et al., 2022). This leads to the third evaluation criteria being met.
Lastly, soil sealing is considered a widely used indicator for measuring environmental
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impacts, which results in the fourth evaluation criteria being met (Tobias et al., 2018;
Peh et al., 2022).

A.6.8 Emissions

Emissions meets three of the four evaluation criteria. The reason for it not meeting
the first criteria is that it is not a specific part of ESRS E4. However, it is mentioned
in ESRS E2 which entails reporting standards on pollution which in turn should be
referred to in ESRS E4 (EFRAG, 2023). Data regarding the fuel use is to be found
within Derome which together with emission factor can be used to calculate the
emissions from the construction site (Derome, 2023a; Peh et al., 2022). Measuring
and reporting on emissions are widely accepted as well as the connection it has to
biodiversity (Peh et al., 2022).

A.6.9 Air pollutants absorption rate

The indicator Air pollutants absorption rate meets all four of the evaluation
criteria. It meets the needs of the user since pollution regulation can be seen as
regulating ESs which is a part of ESRS E4 (EFRAG, 2023). There might be some
difficulties in understanding the relationship between pollution mitigation and trees.
This can however be reduced by providing a proper description to the reader when
used as an indicator. The indicator is measurable when using the i-Tree Eco tool
(I-Tree Eco, ndb). Further the results can be used to illustrate possible changes in
air pollutant mitigation. Lastly, the correlation between air pollution mitigation and
occurrence of trees are and the measurements are widely accepted and scientifically
proven (Grote et al., 2016).

A.6.10 Land conversion rate

Land conversion rate meets all four of the evaluation criteria. Since land-use
change is mentioned in ESRS E4, the rate of land conversion is considered to meet the
need of the user (EFRAG, 2023). The indicator is considered to be understandable
for the intended audience due to the simplicity of the unit and the aim of the
indicator. Further, the indicator is measurable since data can be found in maps
that can be covered in the detailed development plan for Sédra Tronninge which
includes Goinge by and Goingegarden. Data from Google Earth can also be used
to measure land conversion rate (Peh et al., 2022). Lastly, land conversion rate is a
widely accepted and scientific measure leading to the fourth criteria being met (Peh
et al., 2022).

A.6.11 Water contamination level

Water contamination level did not meet all criteria. The indicator is related to
flooding due to soil sealing, and a proposed unit to measure the polluted water is
concentration in mg of pollutants/L of water. However, it did not pass the criteria
for evaluation step since lack of data and not being measurable at the current time.
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In addition, this indicator is limited to what it can show as results and what it could
contribute to.

A.6.12 Infiltration trench & Retention basin

Infiltration trench and Retention basin both passed all four evaluation crite-
ria. Water is an important issue, including in ESRS E4 (EFRAG, 2023). More
specifically, the regulating ES water regulation is of importance to the nearby sur-
roundings. They are relevant indicators for Derome since they are connected to both
Goingeby and ESRS E4, since these are also compensation measures which need to
be reported. It is both understandable and provides meaningful results because the
unit for Infiltration trench is a ratio and percentage and the unit for Retention basin
is in metres, both comprehensible. They are measurable because they require some
type of map over the area to measure. In both cases it is the County Administrative
Board who provided the background information and the unit for the indicator and
therefore considered scientifically valid.

A.6.13 Runoff avoided & Rainfall intercepted

Both Runoff avoided and Rainfall intercepted met all of the evaluation criteria
in step 8. Same as for the indicators Infiltration trench and Retention basin, the
regulation ESs water regulation is of importance for the surroundings but also the
report according to ESRS E4 about compensation measures. This is also why these
two indicators are considered relevant to meet the user’s needs. They are both un-
derstandable and provide meaningful results because their unit is easily interpreted
because it is in litres, which is an estimation of the amount of runoff avoided and
rainfall intercepted based on the number of trees (I-Tree Eco, ndb). The fourth cri-
teria is if the indicators are scientifically valid, and since the tool used to calculate
it is proven and in addition the municipality of Varberg uses the same it is valid.

A.6.14 Canopy cover

The next indicator which passed all of the four criteria is Canopy cover. It fulfils
the user’s requirements as it aligns with Sweden’s guiding principles regarding green
space coverage, aiming for a 30% canopy cover (Region Skéane, 2023). Further, it is
related to ESRS E4 since trees are providing regulation ESs, and are important to
biodiversity and species located in the area (EFRAG, 2023). It is also an indica-
tor which is understandable since it can be put into the context of well-being and
aesthetics of the area. There is data available at the Swedish National Board of
Housing, Building and Planning (Boverket) which includes maps with information
on canopy cover. This results in the third criteria being met. Lastly, it is scientifi-
cally valid because it is used in the context of urban areas in Sweden (Region Skéne,
2023).
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A.6.15 Green space

The indicator Green space succeeded in meeting all of the four evaluation criteria.
Since green spaces can be connected to multiple ESs, for example cultural ESs
(Chang et al., 2017), the indicator fulfils the need of the user. The indicator is
considered to be understandable since it is measured in percentage of a total area
which is assumed to be of common knowledge. Further, the indicator is measurable
since data can be found on Google Earth or maps provided by the municipality (Peh
et al., 2022). The results are considered meaningful as they illustrate the state of
the area. Lastly, even though the indicator passes all criteria it is not indicating
the quality of Goingeby and since two indicators were suggested for the same goal,
to measure the amount of green space. Because the indicator Green space factor
indicates more the quality of the green areas, the Green space indicator is discarded.

A.6.16 Green space factor

Green space factor is another way to measure the amount of green space in the
area, and it met all of the criteria. It meets the needs of the user in the sense that it
is related to the guiding values in Sweden about the cover of green areas, or canopy
cover, should be 30% (Region Skane, 2023). With this, Derome is able to meet the
demands and use this in marketing and for the residents’ well-being. Furthermore,
it is understandable because it shows a percentage of eco-efficient areas in the total
area. It is meaningful in the sense that it is not only measuring the amount of green
space but the quality of it as well. Since it is commonly used in detailed development
plans and by Boverket it is considered scientifically valid. This indicator is more
nuanced and shows more of the quality of the green space in the area, in comparison
to the indicator named Green space.

A.6.17 Green space accessibility

Next, Green space accessibility met every criteria in the evaluation step. This
is considered a cultural ESs and meets the needs of the user in the sense that it
will provide recreational value to Derome’s residents at Goingeby. Further, it is
understandable and provides meaningful results since it is an established measure-
ment used in Sweden: to maximum have 300 metres to nearest green space (Region
Skane, 2023). It is measurable since there are data tools available like Google Earth
or similar (Peh et al., 2022). Lastly, it is considered scientifically valid because of it
being a guideline value for urban green spaces in Sweden (Region Skane, 2023).

A.6.18 Active transportation accessibility

Further, Active transportation accessibility is an indicator which passed all four
criteria. It is included because it is a cultural ESs in the area of recreation and hence
of importance (Brown et al., 2014). It is both understandable and shows meaningful
results because the unit is km of pathway per capita, hence an estimation of how
much pathway for active transportation that is available for each person living in the
area. It is measurable since there is data available to measure and lastly since this
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particular indicator is mentioned in Brown et al. (2014), which is in collaboration
with different research institutes, it is considered scientifically valid.

A.6.19 Community benefits

Community benefits is another indicator which met three out of four criteria.
By tracking the different social gathering sites in the residential area, Derome can
see how much potential there is in the area for community benefits and socialising.
This can be connected to Derome’s marketing as well. It is understandable and it
shows meaningful results since the number of different sites shows the potential for
different social gatherings. However, it is not scientifically valid because no valid
literature could support this specific indicator. But it is included anyways because
through the interview study and personal communication it showed how important
it is for both the residents in the area but also Derome.

A.6.20 Educational sites

The Educational sites indicator passed three out of the four criteria. It meets the
need of the user in the sense that Derome might benefit from tracking educational
areas, both for the residents but also Derome’s marketing which is mentioned in
the interview study. It is understandable because the unit is straightforward with
the number of educational sites where children can learn and be inspired (Varberg
Kommun, 2023). Further, it is measurable since Derome has access to maps of the
area and it shows meaningful results since if this was lacking it is important to
improve this area. However, the indicator did not meet the criteria of scientifically
validity because it is not an established indicator or unit to use. Although, since
the municipality of Varberg uses this and because Goingeby is located in Varberg
the decision to include this indicator was made.

A.6.21 Temperature regulation

Temperature regulation is the next indicator evaluated and it passed every crite-
ria. It meets the needs of the user since with this Derome is able to track internally
how their operation affects the local climate regulation in relation to green spaces,
trees and albedo. Since the indicator is connected to different surfaces in the area,
and it measures the maximum temperature in the specific location it is both under-
standable and shows meaningful results. Further, since the results are shown in a
map it is easier to interpret because it is visual (MSB, 2023). It is considered scien-
tifically valid because the data and the map is provided by Boverket in combination
with tree cover.

A.6.22 Rate loss of potential crop yield

The indicator Rate loss of potential crop yield successfully met all four evalua-
tion criteria. The user in this case is mostly Derome since Goingeby and Goingegar-
den are built on agricultural land, which means that there is a loss of potential crop
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yield which is important to consider during decision making. Further, it is under-
standable and shows meaningful results since it is a quantity of potential crops lost
each year to get an estimation. The data is provided by Jordbruksverket which is a
governmental organisation in Sweden, hence it is scientifically valid. Further, food
and agricultural crop yield is of national interest (SF'S 1998:808 3 ch. 4 §). However,
the land can be used for reasons that are classified as significant public interests of
which housing is classified (Lénsstyrelsen Hallands Lén, 2022).

A.6.23 Agricultural land valuation

Lastly, the indicator Agricultural land valuation passed all four evaluation cri-
teria. It meets the needs of the user since it is important to be transparent with
where Derome’s operations take place and what it entails. The land valuation shows
how important food production is, which is mentioned in ESRS E4 as sustainable
land (EFRAG, 2023). Further, it is understandable and shows meaningful results
since it is a monetary value of land, which over time will show how important it is
in society. It is measurable since data is easily accessible for Derome to use. The
data is provided by Jordbruksverket, hence it is scientifically valid.

XVI



A. Appendix

A.7 Calculation of indicators at Goinge by

Eight indicators are calculated for Goingeby and the results can be seen in Figure
4.3. This is to illustrate how the indicators are calculated.

A.7.1 Biotope protection area

The total number of and the number of different biotope protected areas is found
in the NVI over Sodra Trénninge (Sérensen, 2015).

A.7.2 Red listed species

The number of red listed species is found in the NVI over Sodra Tronninge (Sorensen,
2015).

A.7.3 Threatened species

The number of thretened species is found in the NVI over Sédra Tréonninge (Sorensen,
2015).

A.7.4 Protected area coverage

According to Léansstyrelsen (n.d.), there are no types of protected areas at Goinge
by (Lénsstyrelsen, nd). However, in the NVI a total of seven biotope protected areas
are included. The results from the map in the NVI over Goinge by, see Figure 2.8,
was used and drawn in the map tool at the webpage “eniro.se” (Eniro, 2024). The
width of the biotope protected lines were assumed to be 1 m. With this, the area
of the biotope protected lines is calculated. The area of the other biotope protected
areas were added to this resulting in a total sum. This sum was then divided with
the total area of Goinge by, resulting in a ratio.

Area of biotope protected areas (lines): (2040 + 297,7 + 586,1 + 91,6 + 718,8 +
529,9 + 220,7 + 190,3)m x (1)m = (4675, 1)m?

Other biotope protected areas: 2823m?

Total area of Goinge by = (120)ha x ((10000m?) = (1ha)) = 1200000m?
Percentage of biotope protected areas: ((4675,1 + 2823)m? + (120000)m?) x 100 =
0,62%

A.7.5 Canopy cover

Data on canopy cover can be found at Boverket’s map (Boverket, 2023c). By search-
ing for Goinge by reading the legend the value of canopy cover can be determined.
In this case, the entire region of Sodra Tronninge has a canopy cover of 21-30 %.
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A.7.6 Temperature regulation

To calculate this, Boverket’s GIS-maps are used (MSB, 2023). The area of Goinge
by is found by searching for the area, to further look for the darkest colour and then

reading the legend for an interval. In this case, by 2022, the maximum temperature
at Goinge by was 32-34 °C.

A.7.7 Rate loss of potential crop yield

From Jordbrukverket, the crop yield in kg per hectare for the year 2023, for the
fall and spring, is shown for Sweden’s different regions (Jordbruksverket, nda). The
region of Halland is chosen, and the crop yield for fall and spring is added together
and further multiplied with the total area of Géinge by. Since Goinge by consists of
only agricultural land, the entire area of 120 hectare is used 2.8. The calculation is
for the year 2023:

t
(1,321 + 1,321) 21

x (120)hectar = 317, 04tonnes
hectar

A.7.8 Agricultural land valuation

For this indicator statistics database from Jordbruksverket is used (Jordbruksverket,
ndb). In the database the following are filled in:

o price per hectare, tkr per hectare
Gotalands sodra slattbygder

1-10 hectare of agricultural land
year 2022 (Jordbruksverket, ndb).

With this, the statistics show the value of 371,7 TSEK /hectare for 2022.

A.7.9 Other indicators

The rest of the indicators are not calculated due to two reasons. One, they are
not relevant until residential buildings are done and second they require on-site
measurements which could not be done, and all of these are marked with “-” in the
table.
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