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Abstract  

Biodiversity loss is a pressing global problem and land use is known for being one of the most 
direct contributors. In European Union countries, a Strategic Environmental Assessment (SEA) 
is required for land use plans that set a strategic framework for future development such as 
regional land use plans. Biodiversity would be very feasible to address in the SEA as it has the 
capacity to include the complexity biodiversity poses. Technology is increasingly being used 
for biodiversity conservation as it allows effective collection and processing of data. This 
research aimed to assess current SEA practices of addressing biodiversity and explore 
possibilities of how conservation technology could be used to assist SEA in addressing 
biodiversity loss more effectively in the field of land use planning. To fulfil the research aim, a 
document analysis of six regional land use plans and their SEA reports and four semi-
structured interviews with an AI-company Spoor AI staff were conducted. The results of the 
document analysis showed that biodiversity is typically addressed in qualitative terms while an 
effective assessment would also require quantifying biodiversity variables. The results of the 
semi-structured interviews indicated that previous experience from the wind power sector has 
shown that conservation technology could be taken advantage of in collecting data about 
biodiversity cost-effectively and reliably, while AI can be used to analyse that data. 
Conservation technology could be taken advantage of in SEA by deepening the understanding 
of the development context, supporting the decision-making and monitoring. Implementing 
conservation technology in SEA could encourage the use of the strategic thinking SEA -model 
and contribute to several theoretical principles that guide the SEA practice.  

Keywords: Strategic environmental assessment, biodiversity, land use planning, conservation 
technology, artificial intelligence  
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Sammanfattning 

Förlust av biologisk mångfald är ett pressande globalt problem och markanvändning är känd 
för att vara en av de mest direkta bidragsgivarna. I EU-länder krävs en strategisk 
miljöbedömning (SEA) för markanvändningsplaner som sätter en strategisk ram för framtida 
utveckling, såsom regionala markanvändningsplaner. Den biologiska mångfalden skulle vara 
mycket möjlig att ta itu med i SEA eftersom den har kapacitet att ta itu med den komplexitet 
som den biologiska mångfalden innebär. Teknologi används i allt större utsträckning för att 
bevara den biologiska mångfalden eftersom den möjliggör effektiv insamling och bearbetning 
av data. Denna forskning syftade till att undersöka hur nuvarande SEA-praxis hanterar 
biologisk mångfald och utforskar möjligheter för hur teknologi kan användas för att bidra till 
SEA arbetet genom att hantera förlusten av biologisk mångfald mer effektivt inom 
markanvändningsplanering. För att svara på forskningsmålet genomfördes en 
dokumentanalys av sex regionala markanvändningsplaners SEA-rapporter och fyra 
semistrukturerade intervjuer med ett AI-företag Spoor AI-personal. Resultaten av 
dokumentanalysen visade att biologisk mångfald vanligtvis behandlas i kvalitativa termer 
medan en effektiv bedömning också kräver kvantifierade variabler. Resultaten av de 
semistrukturerade intervjuerna indikerade att tidigare erfarenheter från vindkraftssektorn har 
visat att teknik kan utnyttjas för att samla in data om biologisk mångfald på ett kostnadseffektivt 
och tillförlitligt sätt, samtidigt som AI kan användas för att analysera denna data. 
Naturvårdsinriktad teknologi skulle kunna utnyttjas i SEA genom att fördjupa förståelsen av 
utvecklingskontexten, stödja beslutsfattande och få en säkrare övervakning. Att implementera 
naturvårdsinriktad teknologi i SEA skulle kunna uppmuntra användningen av den strategiskt 
tänkande SEA-modellen och bidra till flera teoretiska principer som vägleder SEA-praktiken.  

Nyckelord: Strategisk miljöbedömning, biologisk mångfald, markanvändningsplanering, 
naturvårdsinriktad teknologi, artificiell intelligens 
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1 Introduction 
 

The central role of protecting the environment to develop in a sustainable manner, has 

been internationally agreed upon in 1992 in the Rio Declaration (United Nations, 1992). 

One of the most central instruments to facilitate sustainable development is the 

Convention of Biological Diversity which has objectives to conserve biodiversity, use it 

sustainably and share the benefits equally, as agreed upon among 196 UN Member 

States (United Nations, 1992a; United Nations n.d.). Biodiversity in a broad sense is 

often defined as the biological variety of life, and it provides the very basis for human 

life and the essential ecosystem services such as “pollination, climate regulation, flood 

protection, soil fertility and the production of food, fuel, fibre and medicines” (The 

European Environment Agency, 2020, para. 1). In this research, biodiversity is 

considered in its broadest sense, the variety of species, genetics and ecosystems. 

Since the 1990s there has been an increasing interest in the research field to 

understand the impacts of biodiversity loss on humanity. The connection between a 

low degree of biodiversity and reduced functionality of ecosystems to produce 

ecosystem services has proved to be clear (Cardinale et al., 2012). The attempt to 

optimise the benefits of ecosystem services for human needs has led to a vicious cycle 

of biodiversity loss (Díaz et al., 2006).  

The scientific evidence of biodiversity loss is indisputable and there is a strong global 

consensus that the decline is due to human activities (Cardinale et al., 2012). Land 

use is one of those activities, and it has a very direct impact on biodiversity loss 

(Lambeck, 1997; Díaz et al., 2006). On a global level, this direct link between 

biodiversity loss and land use is expected to be the most pressing environmental issue 

by 2100 (Sala et al., 2000). Because changes in land use are the main cause of 

changes in biodiversity, protecting biodiversity often sets strict limitations on how the 

land can be used (Haines-Young, 2009). The land area in Europe is already very 

intensively used, and there is an increasing pressure to intensify it even more, which 

sets biodiversity at high-risk because of potential habitat loss and fragmentation (The 

European Environment Agency, 2020a).  
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Strategic Environmental Assessment (SEA) is in essence a tool that helps to integrate 

environmental and sustainability considerations early into strategic decision-making 

processes. In the European Union (EU) Member States, SEA has been mandatory to 

perform for certain plans and programmes since 2001 under a specific SEA Directive. 

The main justification to perform SEA is to tackle the limitations of more detailed 

environmental assessments such as cumulative effects, larger temporal and spatial 

scales as well promoting sustainability in a broad sense (Fundingsland Tetlow & 

Hanusch, 2012). This fits well with the concept of biodiversity, which is a very complex 

and broad one. SEA has a much better capacity to grasp e.g., ecosystem interlinkages 

and multiple geographical scales than any other project-level environmental 

assessment later (Treweek et al. 2005). SEA in the EU Member States is constantly 

becoming a more and more standard practice. According to a study comparing SEA 

cases in Europe by the European Commission (n.d.-b), the SEA shows to be 

particularly well established in the field of land use planning alongside transport, 

energy, and waste management. In fact, most of the SEAs performed in the EU 

account for spatial land use plans and are conducted on a local or regional level 

(European Commission, 2016). 

The advantages of technology have been recognized to hold massive potential in 

conserving biodiversity more effectively by increasing the understanding of complex 

environmental issues (Speaker et al., 2021). Using technology in the attempt to 

conserve biodiversity allows to collect and process more data, more effectively which 

can support decision-making and contribute to tracing any changes (Berger-Tal & 

Lahoz-Monfort, 2018). Collecting data from nature in media form (e.g., audio or 

images) requires a considerable amount of manual work, just as much as analysing it 

(Kwok, 2019). With the help of technological devices such as cameras, drones, satellite 

imagery, acoustic wave sensors and electronic tagging of animals (Speaker et al., 

2021) many issues associated with manual work such as slow pace and inaccuracy, 

can be solved (Kwok, 2019). Besides the technological devices for data collection, 

artificial intelligence (AI) holds potential for biodiversity conservation (Kwok, 2019). 

Currently, geographical information systems are being used to assist in conservation 

area planning by creating alternative solutions (Ball et al., 2009), but they have been 



 10 

questioned for lacking the ability to grasp complex socio-ecological relationships, 

changes over time and uncertainties, and it is suggested that AI could respond to these 

shortcomings (Antonelli et al., 2021). This research will investigate the current SEA 

practices of addressing biodiversity in regional land use planning and explore the 

possibilities of technology for more effective biodiversity conservation within the SEA 

framework.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 11 

1.1 Aim of the research  
 

The overall aim of this research is to assess the current SEA practices of addressing 

biodiversity and explore possibilities of conservation technology with a focus on 

artificial intelligence (AI) to assist SEA in addressing biodiversity loss more effectively 

in the field of land use planning. The overall aim is supported by three specific aims 

that are (i) to map different ways of addressing biodiversity in land use planning SEAs 

and to identify similarities, (ii) to describe what kinds of benefits technology holds for 

the purpose of biodiversity conservation and to discuss how SEA could benefit from 

these advantages, and (iii) to analyse the practical insights derived from the interviews 

in relation to the SEA theory and use them to suggest a hypothetical conceptual model. 

The overall aim will be fulfilled by two research questions. The research questions are 

as follows: 

1. How is biodiversity addressed and assessed in selected regional land use 

plans? 

2. How can conservation technology support SEA process to address biodiversity 

loss more effectively?  

The first research question aims at exemplifying through selected six regional land use 

plans and their SEA reports, how biodiversity is currently addressed and assessed in 

practice in European regional land use planning. The goal of the first research question 

is to identify what kind of biodiversity factors are addressed in the selected land use 

plans, to what extent and what assessment methods are used. The second research 

question is to investigate based on semi-structured interviews what benefits 

conservation technology holds. The goal of the second research question is to 

eventually provide hypothetical discussion of how conservation technology with focus 

on AI, could support the SEA process in order to conserve biodiversity more effectively 

in the field of land use planning.  
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1.2 Scope and methodological approach 
 

This research is framed in a way that allows to assess the current SEA practices in 

sufficient detail by limiting the number of selected cases to six. The SEA in this 

research is viewed from the European Union (EU) geographical and legal perspective. 

To collect sufficient material for this research, the land use sector was selected to be 

the one where SEA practice is one of the most established (European Commission, 

n.d.-b). The research is further narrowed to focus only on assessing biodiversity 

considerations, although SEA can address many other environmental and 

sustainability aspects. This research makes use of strategic thinking SEA -model due 

to its ability to assess dynamics of the development context (Partidario, 2012) and to 

grasp the complexity of biodiversity poses such as cumulative effects and multiple 

scales (Treweek et al. 2005). The figure 1 below illustrates the conceptual framework 

of this research and represents how the topics described above relate to one another.  

 

Conservation technology  

↑ 

Biodiversity  

↑ 

Land use planning 

↑ 

European SEA Directive 

↑ 

Strategic thinking - SEA 
          

       Figure 1. Conceptual framework. 
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2 Theoretical background 
 

This section is based on a literature review and provides theory behind the central 

topics in this research. The background section is extensive due to the type of the 

research, bringing various topics together. This section will provide an overview of the 

SEA and its application, the legal framework in the European Union and exemplify the 

SEA methodology. It provides information why SEA is important, what value it must 

add and what sets it apart from Environmental Impact Assessment (EIA). The other 

key topics in this research are land use planning, biodiversity, conservation technology 

and AI. This section provides background information about conservation technology 

AI, land use planning in European context, defining and measuring biodiversity and 

biodiversity within the SEA framework. 

 

2.1 Strategic Environmental Assessment 
 

There are many definitions for Strategic Environmental Assessment (SEA), but the one 

thing common in them is that it is a process that ultimately aims to protect the 

environment (Therivel, 2012). In essence SEA is a tool that helps to take environmental 

matters into consideration early on. Performing SEA can support decision-making by 

facilitating making more environmentally sound choices which results in improved 

objectives (Therivel, 2012; Partidario, 2012). When it comes to strategic thinking SEA 

-approach, Partidario (2012) describes SEA purposes as being far beyond protection 

of the environment. By performing SEA, it is possible to gain a better understanding of 

the context where the development is to take place and to evaluate different options. 

This further enables the understanding of context-dependent potentials and problems 

and can improve the overall planning process. There are several other justifications to 

perform an SEA. Therivel (2012) highlights the fact that SEA takes place significantly 

earlier than any EIA. The different strategic actions that are objects of a SEA, 

determine what kinds of projects will be implemented later. At the time of EIA, it will not 

be possible to take into consideration the aspects SEA would, and situations may occur 

where only mitigation measures to a certain extent will be possible to take. Also, the 
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type of impacts is different, as the SEA allows to explore wider temporal scale and 

cumulative impacts that may not be possible to address on a single project level 

(Therivel, 2012).  

The terminology should be briefly explained to understand the nature of the strategic 

thinking SEA process. The term “strategic” refers to achieving long-term goals or a 

vision, reflecting attitudes towards achieving it and the willingness to operate with a 

high degree of complexity (Partidario, 2012). SEA has the capacity to add this strategic 

nature in planning by multiple ways. SEA can be applied flexibly into the decision-

making in which way it is present in different stages beginning from the very start. SEA 

can also effectively incorporate the key environmental, social, economic but also 

institutional issues into the planning process. Usually performing SEA involves 

development of alternatives, which simultaneously enables the assessment of 

opportunities and risks of those. Lastly, stakeholder engagement is a strong element 

of any SEA which holds the potential to prevent or reduce disagreements between 

actors and promote understanding of sustainability issues (Partidario, 2012). 

There are different methodologies to approach the SEA process and they are usually 

divided into two categories that are the EIA -based and the strategic thinking SEA -

models (Partidario 2012). SEA can be treated as an imitation of EIA, where the similar 

step-by-step assessment process is performed to strategic actions instead of individual 

projects. This is a simplified form of SEA, where the aim is to assess the environmental 

consequences and find ways to mitigate any negative ones. The focus in this approach 

is on current existing problems (Partidario, 2012). On the contrary, the strategic 

thinking SEA approaches the issue from the opposite direction. Instead of assessing 

how the plan affects the environment, the environment is reflected to the plan. Strategic 

thinking SEA aims at understanding the conditions (environmental, social, economic) 

where the development is taking place and finding sustainable ways to meet the 

desired targets (Partidario, 2012). The objects of SEA are often in literature referred to 

as strategic actions. This is an umbrella term for a vast variety of activities, and typically 

they are plans of some kind prepared by public authorities (Therivel, 2012).  
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2.1.1 Strategic Environmental Assessment in Europe  
 

SEA is being applied to plans, programmes, and policies all over the world. The EIA 

Directive in the EU (then European Economic Community) was approved in 1985, and 

that was at first supposed to cover both EIA and SEA but became to concern only EIA 

and therefore to be applied to individual projects. Without any presence of SEA 

regulation or requirements from the European Union level, various Member Countries 

started to establish their own SEA practises from the late 1980s’ (Therivel, 2012). This 

led to a number of variations and interpretations of the SEA application (Knopp & 

Albrecht, 2005). The negotiations of implementing a separate SEA Directive continued 

for 20 years, and on 21st July 2001, the “SEA Directive” (Directive 2001/42/EC) came 

into force. The SEA Directive applies to plans and programmes while policies are 

excluded. It does not contain a special list for which exact plans and programmes it is 

mandatory to apply. Rather, the objects of the SEA Directive are the plans are 

programmes that “are prepared for agriculture, forestry, fisheries, energy, industry, 

transport, waste/water management, telecommunications, tourism, town & country 

planning or land use and which set the framework for future development consent of 

projects listed in the EIA Directive” (European Commission, n.d.-a Para 5).  The SEA 

Directive was commonly considered as a milestone towards sustainable development 

in the EU (Kläne & Albrecht, 2005).  

The SEA Directive meant foundational changes for the national environmental 

legislation as before that only EIA was required to be performed by law (Knopp & 

Albrecht, 2005). By the time of the EIA, only correction measures can be taken, and 

negative environmental impacts mitigated, but SEA made it possible to take early 

measures in the early phase of the planning (Albrecht 2005; Knopp & Albrecht, 2005). 

There are several options the Member States can choose from on how to transpose a 

new Directive into the national legislation. Three most common ways are following: a 

separate act “SEA Act”, supplementation of the existing EIA Act or supplementing 

corresponding law by the necessary SEA provisions (European Commission, 2016; 

Knopp & Albrecht, 2005). The implementation was however slow, and in September 

2003 the European Commission had to provide practical guidelines on how to make 
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use of the new SEA Directive. Regardless of this additional guidance, by the deadline 

July 2004, only nine out of 25 Member States had managed to fully implement the new 

directive and it took until the end of 2008 for almost, but not all, to implement (Therivel, 

2012).  

2.1.2 Strategic Environmental Assessment principles and stages 
 
In the early 2000s when SEA was a new concept, a common problem was the 

fussiness and multiple interpretations around the one and the same assessment. It 

was difficult for the SEA practitioners at the time to grasp what SEA was supposed to 

achieve. This problem eventually generated goals and principles for SEA (Verheem & 

Tonk, 2000). Therivel (2012) has identified six principles for SEA that are commonly 

agreed upon. First, and perhaps the most important one is that SEA should shape each 

strategic action into a better one. This won’t be the case if SEA is performed ad hoc 

and is just a formal add-on. This first principle clearly implies that SEA should be an 

ongoing process starting from the very beginning and continue alongside planning. 

Partidario (2012) adds to the first one that for strategic thinking SEA this means that 

strategic actions should be created in cycles. In practice this is done by going back and 

forth from each small decision made and adjusting SEA to fit each development 

process. The second principle concerns participation. By doing SEA it should be 

possible to broaden the decision-makers focus to other environmental and 

sustainability issues that would maybe not otherwise come up. Inclusion of a vast 

variety of stakeholders normally involves the public too (Therivel, 2012).  

The third principle identified by Therivel (2012) has to do with more practical matters. 

SEA should always be doable and not cause issues by taking too much time or 

resources. Therefore, it should always stay focused only on key issues and the level 

of detail should go hand in hand with the level of detail of the plan. Partidario (2012) 

refers to this as the principle of simplicity. Following this principle helps the practitioners 

on selecting only the key issues. The fourth principle highlights the importance of 

assessing different options and finding the best ones (Therivel, 2012). It can be 

interpreted as a guideline for the SEA methodology to develop alternatives and to 

compare them to one another. The fifth and sixth principles are tightly connected. The 
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fifth one is the principle of precaution. SEA should be a tool to modify the strategic 

action in a way that any negative impacts are minimised, and positive ones optimised. 

The sixth principle picks up from there, stating that the negative impacts should never 

cross the point of no return. This means that those limits need to be identified in order 

to avoid doing permanent damage (Therivel, 2012).  

The SEA process is usually carried out in different stages. In the strategic thinking SEA 

-model, these stages should not be confused with steps similar to EIA which are 

screening, scoping, assessment, mitigation, decision and monitoring (Partidario, 

2012). The figure 2 below represents the three stages in the strategic thinking SEA -

model and highlights its cyclical nature, developed by Partidario (2012). The first stage 

sets the foundation for the SEA by making sure only the essential elements are 

included (the principle of simplicity). Those elements in this model are called Strategic 

Decision Factors, through which the whole SEA will be viewed. The first stage is 

essential to keep the assessment focused and in identifying the reasons that are 

causing the problems such as biodiversity loss. The second stage is a more dynamic 

stage and concerns the ways of achieving the vision set in the first stage. In the second 

stage, the goal is to develop pathways that will make it possible to come to the vision 

in a sustainable manner. The vision may be achieved by strategic options for the 

proposed development. There are rarely perfect options available, and the strategic 

thinking model requires assessing the risks and opportunities associated with each. In 

addition to the pathways, guidelines may be developed in the second stage. They could 

be e.g., recommendations for later environmental assessments such as EIA. The third 

and final stage is a continuous one that connects the monitoring and evaluation to any 

later planning taking place and requiring SEA. In this stage the implementation of the 

strategic action is followed up and being evaluated, monitored, and communicated with 

relevant stakeholders (Partidario, 2012).  
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Figure 2. The strategic thinking SEA -model (Partidario, 2012).  

 

 

 
2.1.3 Strategic Environmental Assessment methodology 

The difficulties of bringing SEA theory successfully into practice are well recognized. 

The guidelines of carrying out an SEA on a practical level tend to have many 

characteristics of an EIA process that takes place on a project-level (Noble et al., 

2012). Much SEA guidance that is available is focused on gathering, arranging and 

presenting information, and making sure certain steps are included into the process 

(Noble et al., 2012; Therivel, 2012). Each planning context and strategic action is 

unique which inevitably means that the appropriate methods for the SEA must be 
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chosen and adjusted each time (Brown & Therivel, 2000). In fact, the absence of clear 

guidance is identified as one of the key difficulties in carrying out SEA successfully, 

and the need for flexibility and adaptation in the SEA concept withholds a risk of being 

vague and difficult to apply in practice (Noble et al., 2012). The rise in SEAs carried 

out in multiple fields and countries for a variety of strategic actions has resulted into a 

great variety of methods that cannot be described as consistent (Noble, 2009 as cited 

in Noble et al., 2012).  In EU however additional guidance is available in almost every 

Member State on a national level and in some case for regional or local level too 

(European Commission, 2016).  

Noble et al. (2012) have conducted a survey of 14 SEA reports mostly from Canada 

and the United Kingdom to identify some current practices of SEA methodology. The 

results of the survey were supplied by interviews and showed that most of the 

assessments build on a qualitative set of methods out of which specialist evaluations 

(expert judgements) are a very popular choice. Quantitative methods on the other hand 

are applied extremely rarely, especially the ones that require data because they tend 

to require a great deal of time and resources. However, when quantitative methods are 

applied, it usually takes place in the field of regional planning SEAs. Other qualitative 

methods identified by the same survey were workshops, matrices, assessing risks and 

trends, cost-benefit analysis and reflecting on earlier cases, literature or websites. The 

interviews conducted in addition to the survey revealed that SEA practitioners do have 

the tools and methods available to choose from, but the issue is the practical guidance 

on how to choose and use those (Noble et al., 2012).  

2.2 Biodiversity loss 
 

Biodiversity is a very broad concept. The European Environment Agency (2020) 

defines biodiversity as the variety of life in the world or in a specific domain. Biodiversity 

is further divided into three types, the biodiversity of species, genes, and ecosystems 

(The European Environment Agency, 2020). Regardless of biodiversity’s role as a 

foundation for life, it is steadily decreasing (The European Environment Agency, 2020). 

The driving causes for the biodiversity decline are according to The European 

Environment Agency (2020) and Steffen et al. (2015) the overexploitation of natural 
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resources and the intensive ways of converting them for human needs. This includes 

producing food, supplying water, constructing new development all of which show no 

signs of declining in intensity. Steffen et al. (2015) state that this negative development 

could be tapered by securing the habitats and their coherence as well enhancing 

connections between different ecosystems.  

Planetary boundaries highlight the significance of biodiversity loss on a global level. 

They were first presented by Rockström et al. (2009), when they determined nine 

processes that regulate the Earth systems and keep them in balance. It is a framework 

for nine biophysical processes and critical thresholds, that aims at estimating “a safe 

operating space” for each of these. Crossing such a limit could be disastrous and cause 

unexpected changes (Rockström et al. 2009). One of these nine processes was the 

rate of biodiversity loss, which is challenging to define boundary limits for, but is 

necessary to include since biodiversity is the foundation for functional ecology and 

supports the other sectors of planetary boundaries. The original indicator for the Rate 

of biodiversity loss was the extinction rate, by which the safe operating zone is far 

crossed. As much as half of the extinction between 1990-2009 is taking place on the 

continents and associated with changes in land-use, alien species and the changing 

climate (Rockström et al. 2009). 

2.2.1 Measuring biodiversity 

Biodiversity is a term that has many layers. This makes it somewhat difficult to measure 

and the common understanding is that biodiversity should be presented as multiple 

indicators (Haines-Young, 2009). Often measuring biodiversity is limited to the 

richness of these biodiversity levels, but Mace et al. (2005 as cited in Haines-Young, 

2009) suggest that it should include the functionality of ecosystems e.g., the selection 

of services the ecosystems produce. The original planetary boundary level was 

uncertain to begin with because of the difficulties with quantifying such global 

phenomena (Rockström et al., 2009). The species extinction rate is a very basic way 

to track the global biodiversity loss as the species extinction rate does not necessarily 

reflect how the ecosystem will keep functioning and the changes are often traceable 

after a long time has passed. Another issue is that the global extinction rate usually 
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concerns vertebrate species and because it is solely based on a single number it does 

not consider species distribution or abundance (Mace et al., 2014).  

As biodiversity is possible to measure and track in multiple ways, in the EU work has 

been made to coordinate together different biodiversity indicators that will assist in 

assessing the current state and track any changes in biodiversity. This has been mainly 

initiated by the EU Biodiversity strategy, that requires reporting (European Commission 

& The European Environment Agency, n.d.) and would be difficult without quantified 

indicators. Streamlining European Biodiversity Indicators (SEBI) is a collaboration that 

brings together the academia, the environmental representatives of the Member 

Countries and the policy makers. The collaboration was initiated in 2005 and its goal 

is to function as a reliable information and data source about biodiversity. The SEBI 

indicators are a coherent set of biodiversity indicators that can assist in biodiversity 

assessments, identifying main pressures and ultimately in conservation. (European 

Commission & The European Environment Agency, n.d.-a). 

Tracking the trends may be useful for policymaking, but more precise ones are needed 

for efficient monitoring. The core problem regarding biodiversity data and data 

collection is the inconsistency. While countries, regions, organisations and other actors 

regarding projects actively collect data about biodiversity, there is not a harmonised 

network which determines what to monitor and how to share that information (Pereira 

et al. 2013). For this purpose, Pereira et al. (2013) have proposed a concept of 

Essential Biodiversity Variables (EBV) that are foundational in overseeing changes in 

biodiversity. They also have an important role as an intermediary between basic 

monitoring happening on sites and theoretical indicators on higher levels. Bringing 

EBVs into use could unify monitoring practices and assist in integration of the data 

derived, across the world (Pereira et al. 2013). There are certain criteria for being 

considered suitable for EBV concerning the ability to address multiple scales 

sensitivity, sustainability to mention some (Group on Earth Observations Biodiversity 

Observation Network, 2022). 
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2.2.2 Biodiversity in Strategic Environmental Assessment  

The environmental aspects to assess in the SEA are countless, and always more or 

less dependent on the development context (Therivel, 2012), yet this research focuses 

solely on biodiversity. The value of biodiversity tends to remain understated in planning 

and there are several reasons why biodiversity is particularly important and feasible to 

address in the SEA process (Treweek et al. 2005). This emerges from the Convention 

on Biological Diversity too, as it provides voluntary guidelines for a biodiversity-

inclusive SEA (Secretariat of the Convention on Biological Diversity n.d.). Due to the 

complex nature of biodiversity, multiple geographical and temporal scales, SEA has 

the potential to grasp these aspects. Assessments taking place later such as EIA risk 

failing to address ecosystem interlinkages, cumulative effects and trends (Treweek et 

al. 2005). This fits well to the agenda and nature of the strategic thinking SEA -model, 

where the goal is to understand the development conditions, assess dynamics and 

work with complexity (Partidario, 2012). Mörtberg et al. (2006) have as well recognized 

the need to integrate biodiversity assessment into the SEA more effectively and the 

need to develop new tools for this purpose. They underline that several variables need 

to be considered when assessing biodiversity, and the scope of the assessment should 

consider a larger entity such as a landscape instead of an individual site. For assessing 

impacts on biodiversity, predictive models can be used to compare planning options 

and assist in decision-making to result in solutions that would cause the least harm or 

risk for biodiversity values (Mörtberg et al., 2006). In order to develop and compare 

these predictive scenarios, quantified biodiversity variables are essential (Lambeck, 

1997).  

Treweek et al. (2005) have identified two challenges that may stand in the way of 

including biodiversity values effectively into planning and decision-making. Firstly, the 

SEA should have the biodiversity functions in the core of the assessment, and they 

should be defined by an active dialogue with people who are reliant on these functions. 

Secondly, the SEA should conduct a thorough assessment on how biodiversity will be 

affected by the proposed development or changes. The second challenge raises a 

concern of the level of detail in the SEA. As a guideline for this, Treweek et al. (2005) 

propose that genetic changes can be indeed included into the SEA without going into 
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too much detail and staying at the same level of the plan. Instead of precisely modelling 

genetic effects, the SEA should rather pinpoint risk scenarios where genetic depletion 

or isolation could arise. This may however require some background work first to 

understand changes at ecosystem level and map the processes involved. Drawing 

upon from assessing risks, similarly, can SEA foster positive development and 

enhance existing biodiversity. This can be done in multiple ways and can include 

generating new habitat, improving the control of protected areas, enhancing areas that 

are particularly rich in biodiversity by safeguarding or even expanding them, or simply 

improving the overall quality of the environment such as reducing noise. Other 

important ways to go about enhancing biodiversity is to recognize possibilities for 

recovery and find ways for unprotected objects to be better considered (Twereek et al. 

2005).  

One of the main issues on assessing impacts on biodiversity in the SEA concerns the 

availability of data. Collecting new data is often time-consuming and expensive 

(Wiegleb & Bröring, 2005), which is against the SEA principle of being effective 

(Therivel, 2012). Therefore Wiegleb & Bröring (2005) suggest that any existing data 

should be taken advantage of. They point out that data for the purpose of assessing 

biodiversity is available in numerous spatial and accuracy scales. Some examples of 

these data sources they name species distribution maps (e.g., mammals, plants or 

birds), species summaries and vegetation maps, satellite imagery and online 

databases. Some EU Member States have established online portals and databases 

for the purpose of gathering and sharing data for SEAs while difficulties regarding the 

availability, outdated data, accurate level, relevance and high costs remain (European 

Commission, 2016). Other issues Member States have reported regarding data were 

the complete absence of it (Luxembourg and Poland) which means that the needed 

data typically needs to be collected from nothing. The problem can also be large 

amounts of irrelevant data (Croatia, Estonia) which might lead to ignorance of 

important environmental issues. In Italy a concern has been raised that the 

descriptions of the current environmental state are too generic (European Commission, 

2016). 
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Besides data availability, there are issues on how to address biodiversity in an 

appropriate manner in the SEA. Treweek et al. (2005) have developed principles that 

can be used as a guideline to incorporate biodiversity aspects into SEAs. Besides 

selecting an appropriate accuracy level of carrying out the assessment as mentioned 

earlier, a net loss should be considered. The existing biodiversity conditions should be 

maintained in both qualitative and quantitative terms. This is a very strict principle that 

allows no further losses and sets a clear threshold. There is however some leeway if 

the biodiversity balance can be maintained without notable reductions (Treweek et al., 

2005). Wiegleb & Bröring (2005) conclude that the actual methodology to assess 

biodiversity is to a large extent not developed. According to them, it requires sufficient 

data and proper understanding of causal connections to be able to carry out an SEA 

that can assess biodiversity on a satisfactory level.  

2.2.3 Biodiversity in European land use planning 

According to the European Environment Agency (2020a) European land use is the 

most concentrated in the global comparison. Up to 80% of the land is used for human 

settlement and producing goods for the human needs such as forestry, agriculture and 

infrastructure. The outlook is to increase the land use even more, and there are multiple 

drivers for this such as the growing housing and living space needs alongside growing 

economic activity that usually leads to increased infrastructure needs. In addition to 

these, Europe is constantly producing more biomass, fibres and nutritional products 

that inevitably require land space. Simultaneously there is pressure to use land as 

carbon sinks (The European Environment Agency, 2020a). The issues regarding 

European land use are the potential conflicts between different interest groups, the 

very limited space can cause tension and the fact that land is not an infinite natural 

resource adds pressure to use it sustainably. The decisions made regarding land use 

can seldom be reversed and the consequences are long-lasting (The European 

Environment Agency, 2020a).  

In Europe, protecting biodiversity has a high priority in the form of legislation and 

policies (The European Environmental Agency, 2020a; Fenu et al., 2016). One key 

policy is the EU Biodiversity Strategy 2030 that has objectives of expanding the 
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protected territories, restoring degraded biodiversity, targeting the causes of 

biodiversity loss and by doing this, build resilience towards the threats future might 

hold (European Commission, n.d.-c). Other central biodiversity-protecting policies 

target the issue through land use, such as the EU Forest Strategy for 2030 (European 

Commission n.d.-d) and the Thematic strategy for soil protection (The European 

Environment Agency, 2020a). The sustainable use of European land in future is highly 

dependent on good land use planning and land management (The European 

Environment Agency, 2020a). The task is complex and involves many stakeholders 

with different interests, where difficult trade-offs must be made. To prevent conflicts 

while designing sustainable land use solution requires open dialogue with all 

stakeholders (Pérez-Soba et al., 2018). In Europe land use planning, management and 

monitoring environmental effects is typically carried out on a regional or local level, and 

it can be integrated into other land management activities such as forestry or 

agriculture (The European Environment Agency, 2020a).  

 

2.3 Conservation technology 
 

Conservation technology is an umbrella term for different technological advantages 

that can be used for biodiversity conservation purposes and the instruments range 

from physical devices to system resources. The mains reasons of using technology 

instead of conventional human observations of wildlife is to produce more reliable 

datasets, being a safer way for humans and wildlife to collect the data and affordability 

(Berger-Tal & Lahoz-Monfort, 2018). Speaker et al. (2021) have studied the current 

state of conservation technology and concluded that the most promising technologies 

ones among the developers and users are identified as “machine learning/computer 

vision, eDNA/genomics and networked sensors”. While conservation technology is 

expected to significantly strengthen the capacity to address environmental issues, the 

main challenges standing in the way of more efficient implementation regard funding 

and lack of coordination in the development stage (Speaker et al., 2021). The 

importance of collaboration has been recognized by Tuia et al. (2022) as well and they 
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suggest that the discipline of machine learning should be taken advantage of in 

broadening the understanding of environmental issues.  

The advantages of technology for conservation are mainly used in two dimensions, for 

collecting data and analysing it. Data from the environment can be collected e.g., with 

help of camera footage or audio recordings and be effectively interpreted with a system 

or software based on e.g., AI or genomics (Speaker et al., 2021). Many of the 

technological devices are readily available to use for these conservation purposes 

such as drones or cameras, although they were not originally developed for that 

purpose. Technology has been in fact viewed as useless for biodiversity conservation 

in the past, but attitudes towards conservation technology have changes drastically 

over the past decades, from sceptical to very opportunistic. The circumstances of 

optimistic attitudes and pressing environmental issues such as biodiversity loss, have 

created a situation where new innovations could be created in cooperation with users 

and developers to respond to the environmental challenges without having to depend 

only to existing technology (Berger-Tal & Lahoz-Monfort, 2018). Tuia et al. (2022) have 

gathered some examples of successful applications of conservation technology. Those 

applications can be roughly divided into static or remote sensor networks and 

community-based data collecting and processing. Static sensors include camera traps 

and bioacoustics sensors while remote sensors concern tagging of animals, unmanned 

aerial vehicles and satellite data. All of these can be used in various ways to track e.g., 

the presence or number of animals, their behaviour, habitats, health, predators and 

identifying individuals. For the scope of this research, identifying habitats is one of the 

key features, as land use planning solutions directly impact on those and hold the 

potential to secure them (United Nations, 1992a; Steffen et al., 2015).   

 

2.3.1 Artificial intelligence  

One of the technologies used for biodiversity conservation is AI (Speaker et al., 2021). 

The potential of AI in creating a more sustainable future is recognized in terms of 

achieving some of the United Nations Sustainable Development Goals, particularly the 

environmental ones. The potential largely comes from the AI’s possibility to analyse 
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multiple databases, link the information, and model impacts (Vinuesa et al., 2020). 

Conserving and monitoring biodiversity is a major interest area of AI capabilities, yet a 

concern about risks has been raised such as whether the access to information about 

natural resources and ecosystems could lead to overexploitation in wrong hands 

(Vinuesa et al., 2020). In the field of land use planning, the use of artificial intelligence 

has been explored such as modelling urban density (Abarca-Alvarez et al., 2019), 

forecasting coastal erosion (Peponi et al., 2019) and to simulate grassland use 

scenarios impacts on the ecosystems (Yan et al., 2019). 

Defining AI comprehensively is often said to be impossible as long as human 

intelligence is not completely understood. There are however many ways to describe 

AI and the descriptions tend to cover at least one of the following: its capacity, learning 

potential, problem-solving span, capabilities and of course its independence (Lorica & 

Loukides, 2016). The multitude of descriptions only highlight the many ways of looking 

at and understanding AI. Since the 1990s the major drivers for AI becoming more 

integrated to the practical use, have been the availability of digitised data and computer 

power. These two combined opened whole new possibilities to compile AI systems that 

could process data and learn from it (Gil et al., 2020). As of the 2020s, AI is all around 

us and widely used in everyday life in multiple applications such as social media 

algorithms and speech-based assistants, mostly based in deep learning and neural 

networks. AI is expected to become an increasingly integral part of everyday life and 

in particular impact decision-making in people's personal lives and the corporate world 

(Haenlein & Kaplan, 2019). The areas of AI application range over industries from 

medicine, finance, education and security, all of which practical examples exist how AI 

can enhance the processes (Gil et al., 2020).  

Discussion around AI potential usage in the future often involves warnings about 

ethical issues (Lorica & Loukides, 2016). Another issue often raised regarding 

recommendations made by AI is known as the black box problem. Deep learning-

based AI is always a process, and this process may not be transparent. This may be 

harmless in a context of e.g., social media but recommendations regarding e.g., 

medical issues require humans to understand how the process came to a certain 
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conclusion is essential (Haenlein & Kaplan, 2019). In the field of biodiversity 

conservation, the AI issues are related to data collection, accuracy and humans’ ability 

to interpret the results (Kwok, 2019). Earlier experiences show that AI programs may 

not be as accurate as human observations but that may not be an issue if the rate of 

accuracy is known. The training data raises another issue since the amount might be 

demanding and the samples may need manual classification. From certain species the 

data collection may be difficult. The results always need validation from experts such 

as biologists and the results should not be used without understanding how they were 

created (Kwok, 2019).  
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3 Methodology 
 

This research is a qualitative type of research and takes advantage of two methods 

that are document analysis and semi-structured interviews. It is conducted in 

collaboration with a Norway-based company named Spoor AI which specializes in AI 

and biodiversity conservation in the wind power sector. Their software is used to track 

and classify birds in wind farms by computer vision and AI. Biodiversity loss is 

recognized as a pressing environmental issue and advanced monitoring technology 

can help industries to respond to this challenge. The vision of Spoor AI is to help 

industry and nature to coexist.  

 

3.1 Document analysis 
 

The first research method is a document analysis, and the object of the analysis are 

six regional land use plans produced by public authorities in various European Union 

countries and their SEA reports. A document analysis was selected as a suitable 

method for its purpose to systematically examine documents to gather knowledge 

(Bowen, 2009) of how biodiversity is being addressed and assessed in regional land 

use planning SEAs. The existing up-to-date land use plans are one the most viable 

sources of information available regarding the first research question, which further 

supports the rationale of choosing a document analysis. The knowledge gained from 

the document analysis resulted in insights about SEA in practice that can be 

considered additional information (Bowen, 2009) to information derived from the 

literature review.  The set of six land use plans were selected according to their 

sections dedicated to biodiversity, representing both SEA approaches and both capital 

and non-capital regions.  

The document analysis relied largely on the availability and accessibility of land use 

plan documents online. The mapping of availability and quality for the research 

purpose required an extensive online search of the regional land use plans in EU -

countries. The land use plans for the document study were selected by two 
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requirements. The country had to be an EU -country, and the SEA had to be required 

for the specific land use plan. In addition, the level of detail of the plans was an 

important overarching aspect and therefore only regional land use plans were selected. 

These two methodological choices allowed the document analysis material to be 

somewhat unified and comparable. Each of the six land use plans was analysed in the 

same, systematic manner by searching sections concerning biodiversity, ecosystems, 

ecological sustainability, ecological conservation, natural values as well the 

assessment methods that were used in the SEA.  

 

3.2 Semi-structured interviews  
 

A document analysis is often used in combination with other research methods 

(Bowen, 2009). This research makes no exception as the results of the document 

analysis partly helped to generate the agenda and questions for the semi-structured 

interviews. The second research method was a semi-structured interview that was 

chosen for its ability to provide answers to the second research question most 

comprehensively. Kallio et al. (2016) have developed a guide for semi-structured 

interviews, that this research followed. The second research question required 

flexibility for the interviewees to answer in a way their knowledge can be taken most 

use out of. For this purpose, a semi-structured interview was selected as the most 

suitable method in contrast to fully structured interviews as it allows two-way 

discussion (Kallio et al., 2016) and to exploration of hypothetical possibilities. 

After confirming the conditions for this research method are suitable, Kallio et al. (2016) 

advice on obtaining sufficient understanding of the topic. This can be done in multiple 

ways, and in this research those ways are a literature review of the key themes and a 

document analysis. Both helped to conceptualise the agenda and key questions to the 

semi-structured interviews taking place afterwards, which is a third phase of the guide 

created by Kallio et al. (2016). Presenting the results of current biodiversity 

assessment practices was assumed to help the interviewees to outline the context 

more efficiently and contribute to answering accurately to the second research 

question within the research scope. The interview guide was sent to the practical 
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supervisor with a possibility to comment AI -related questions whether they were 

adequate. No changes were made to the questions at this point.  

The semi-structured interviews were conducted with four individuals, who were chosen 

based on their field of expertise regarding this research. Since conservation technology 

remains as an emerging field (Speaker et al., 2021) there are very limited options to 

find interviewees who have a sufficient understanding and practical experience about 

the topic. All four interviewees at the time of the interviews worked at Spoor AI that this 

research was conducted in collaboration with. Therefore, the interviewees were very 

familiar with biodiversity conservation with the help of technology with a specialisation 

to AI. All of them had practical experience about it from the renewable energy sector 

and this enabled the interviewees to be able to provide practical insight about the 

conservation technology benefits and challenges.  

Approximately a week prior to the interviews, the interview guide was sent to the 

participants, and they had a chance to ask questions via email about the central 

concepts for them to be prepared to answer according to the scope of the research. 

Each interview started with a short presentation about SEA, the research problem, 

results of the document analysis and explaining the purpose of the interviews. 

Interviewees’ consent to participate and to be recorded was asked and they were 

informed they can withdraw the consent at any time during or after the interview. The 

willingness to publish their name, position in the company and educational background 

was asked and the possibility to stay anonymous or choose not to answer some 

questions was given. The scientific purpose of the interviews was declared. All 

interviews were recorded and transcribed. The interviews were conducted in English, 

and they took place in person meetings in Oslo, Norway on 30th of March, 4th of April 

and 16th of May. After the interview results were written out to the final form, the 

interviewees were given a chance to proof-read them and suggest changes. Only 

minor changes such as choice of words were made at this point.  
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3.3 Limitations 
 

The main limitation of the document analysis can be insufficient amount or detail of 

information. This is caused by the fact that the analysed documents are not produced 

to answer the research questions but for another, independent purpose of research 

and may fail to answer the research question (Bowen, 2009). In this research, issues 

arose regarding SEA methodology, as that was not always clearly articulated in the 

land use plans and their SEA reports. Another limitation was the availability of material 

and language barriers, which greatly limited the possibilities to choose from among EU 

-countries. The set of six plans had to be therefore selected on basis of the author’s 

ability to read foreign languages. Lastly, analysing foreign documents requires an 

understanding of the local planning context and culture. This was possible to overcome 

by supplementing document analysis with secondary information about the local 

planning system in order to avoid missing important details.  

Regarding the semi-structured interviews, the key limitation is that they are based on 

experiences from wind power sector of monitoring birds. This causes uncertainty 

whether the results are applicable to the land use sector. Another limitation was the 

interviewees limited knowledge about land use planning and SEA, since the 

interviewees work with the energy sector and were unfamiliar with SEA prior to the 

interviews. This means it was only possible for them to hypothesise answers to some 

of the interview questions without practical experience about SEA and land use 

planning. Another limitation that can affect the results is the number of interviews and 

the fact they were conducted to the employees of one company. The results are to 

provide only hypothetical discussion of conservation technology’s potential regarding 

SEA and offer more of a perspective to possibilities rather than a solution.  
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4 Results 
 

This section presents the results of the document analysis and the semi-structured 

interviews. The results are further analysed and discussed in sections 5 and 6.  

 

4.1 Document analysis 
 

Table 1 below summarises the findings of the document analysis. The objects of the 

document analysis were six regional land use plan SEAs of selected European Union 

countries. The document analysis results begin each by describing the plan and 

national SEA Directive application if relevant, in order to provide context about the 

purpose and legal power of the plan. 

 

Country Name of the plan 
(the original 
name) 

Key biodiversity 
considerations 

SEA 
methodology  

Denmark The Finger Plan 2017 
 
(Fingerplanen 2017) 

The current state and 
trends of biodiversity 
in the region 
 
Urban greenery 
highlighted as an 
important factor 
 
Biodiversity, flora and 
fauna are one of the 
six key environmental 
factors in the SEA 

SEA was outsourced 
to a consultancy 
company 
 
Data and descriptions 
are qualitative 

Estonia Ida-Viru County plan 
2030+ 
 
(Ida-Viru 
maakonnaplaneering 
2030+)  

Environmental impacts 
of the County plan are 
assessed above all 
towards protected 
areas, species and 
habitats 
 

 

SEA was outsourced 
to a consultancy 
company  
 
Team of specialists 
responsible for 
carrying out the SEA 
(one specialist 
appointed for 
assessing impacts on 
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Natura & protected 
natural objects) 
 
Comparison of 
alternative scenarios 

Finland  Helsinki-Uusimaa 
Land Use Plan 2050 
 
(Uusimaa-kaava 2050) 

Securing protected and 
recreational areas is 
the main way to 
conserve ecological 
networks 
 
New infrastructure 
plans may fragment 
unbuilt areas and 
hamper the movement 
of species 
 
The construction of an 
underwater tunnel to 
Tallinn will have 
impacts on the 
underwater 
environment 

Internal evaluation 
within the responsible 
planning authority 
 
Group of external 
experts from multiple 
fields to assess 
impacts from their 
speciality 
perspectives  
 
GIS -based Zonatio-
analysis to assess 
biodiversity and 
environmental values 
in the region  
 

France  Territorial coherence 
scheme of Lyon 2030 
 
(Le schéma de 
cohérence territoriale 
de l’Agglomération 
Lyonnaise 2030) 
 

Ecological networks 
are conserved by 
directing new 
activities to existing 
structures 
 
Comprehensive green 
network will support 
biodiversity  

Revision of older 
version supplemented 
with newer data 
 
Workshop to exchange 
information about 
environmental matters 
 
Involvement of local 
association to define 
critical green links  
 

Italy The Regional 
Territorial Plan of 
Lombardy  

(Piano Territoriale 
Regionale)  

Focus is on describing 
the current state of 
biodiversity in the 
region 
 
Natura 2000 areas  
 
The magnitude of 
environmental impacts 
of each objective in 
the plan has been 
considered 
 

Internal evaluation of 
significant impacts 
and developing 
mitigation and 
compensation 
measures 
 
External consultations 
 
Comparison of 
alternatives 
 
Workshops  
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Sweden The Regional 
Development Plan for 
Stockholm Region 
2050  

(Regional 
utvecklingsplan för 
Stockholmsregionen 
2050) 

The green areas 
provide ecosystem 
services that 
contribute to good 
human living 
conditions 
 
Places with a high 
degree of biodiversity 
recognized to exist in 
the region 
 

Internal evaluation  

Table 1. Summarised results of the document analysis.  

 

4.1.1 Denmark  

The Finger Plan 2017 is a legally binding development strategy for the greater 

Copenhagen region and any other spatial plans for the metropolitan areas should 

comply with the Finger Plan (OECD, 2017a). The Finger Plan 2017 is an updated 

version of the Finger Plan 2013 and is based on the metropolitan regions’ 

municipalities' proposals. The goal of the plan is to support the development and 

growth of the capital region of Denmark, without compromising the environment and 

the local nature (Danish Business Authority, 2015). The current state and trends of the 

natural environment and the state of biodiversity are described rather shortly in the 

SEA report. A special character to Copenhagen is the green wedges, that (areas 

between the fingers) are strictly safeguarded by the Finger Plan and new urban 

development is directed to the central Copenhagen (the palm) or to the surrounding 

sub-urban areas (the fingers of the hand) (COWI, 2017). Despite the area of urban 

greenery staying stable and even slightly increasing over the past ten years, the 

biodiversity in Greater Copenhagen continues to decline. Another major issue is the 

poor ecological condition of watercourses that is caused by eutrophication coming from 

discharge of agricultural nutrients (COWI, 2017). 

The SEA for the Finger Plan 2017 has been conducted by a consultancy company and 

therefore presented in a separate report. The object of the SEA is the draft of the Finger 

Plan 2017 (COWI, 2017). Given that one of the three objectives of the plan is to take 

care of the green wedges, nature and the environment, biodiversity has a considerable 
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role in the SEA. The results of the SEA report show that the overall impacts of the 

Finger Plan 2017 on biodiversity are not estimated to be significant. According to the 

SEA report, some focus areas were identified that will need closer environmental 

monitoring later and an EIA will be required (COWI, 2017). The approach to the SEA 

followed the standard practice, and it was to determine if the proposed plan will have 

significant environmental impacts, and if, to what extent. The SEA was delimited to 

consider six environmental factors: biodiversity, flora and fauna, population and human 

health, soil and land use, water and groundwater, landscape, resources and energy. 

For all these key environmental factors assessment criteria, indicators and data 

requirements were determined. For biodiversity, flora and fauna the assessment 

criteria are the changes as a result of proposed plans and the indicator to track these 

changes is the standard for these areas containing biodiversity, flora and fauna that 

may be affected. The assessment and type of data needed are qualitative (COWI, 

2017). 

The plan is identified to have potential to effectively utilise some areas (e.g., southern 

Hillerød) for urban development such as housing and business. The flora and fauna in 

the area is expected to significantly reduce if not completely disappear. This is still 

considered acceptable since it will not have major total impacts on the environment 

(COWI, 2017).  In order to intensify the urban structure, some parts of the green 

wedges may be transferred to a residential area. The natural content of small scattered 

green areas is not considered high or protected, meaning such transfers can be done 

without significant impact on the flora and fauna. The Finger Plan 2017 designates an 

area in Nødebo suitable for holiday homes. This area is right at the border of a Natura 

2000 area that has a high variety of different species and habitats. There might be a 

risk that all-year-round living in a proximity of a protected area will endanger the natural 

values. Also, the planned drainage of the holiday-home area to avoid flooding may put 

the soil moisture balance at a risk (COWI, 2017). 
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4.1.2 Estonia 

The County plan for Ida-Viru covers the entire county of Ida-Viru region in eastern 

Estonia and the target year is 2030 and beyond. The plan came into force in 2016 and 

it was supplemented in 2017. The plan serves a purpose of setting a strategic path for 

the spatial planning in the future and provides predictions for potential developers and 

investors. The plan is developed in collaboration with the county of Ida-Viru and the 

state of Estonia. The plan aims at serving the economic, social, cultural and 

environmental needs of the state on a regional scale (Ministry of Finance of Estonia, 

n.d.). The SEA process of the Ida-Viru County plan was outsourced to consultancy 

company and has therefore a separate SEA report (OÜ Hendrikson & Ko, 2016). The 

SEA Directive in Estonia is integrated into the national EIA legislation. The law does 

not include specific instructions or requirements on how SEA shall be interacting with 

the planning process itself; it is sufficient that the SEA report declares the most likely 

environmental impacts of the plan (Hiiemäe, 2005). The preparation of the plan was 

initiated in 2013 and according to the County plan report the SEA was carried out 

simultaneously with the spatial planning, and some of the proposed planning solutions 

are based on the SEA results (Ida-Viru County Government, 2016).  

The biodiversity considerations in the SEA report revolve around assessing the current 

status of the environment and the focus is on the protected sites (OÜ Hendrikson & 

Ko, 2016). The protected areas and sites are described in terms of location and number 

of areas. Same approach applies to the protected species and habitats in the region. 

The importance of protected habitats is highlighted as the number of protected species 

condensed in those areas in Ida-Viru (OÜ Hendrikson & Ko, 2016). The SEA report 

provides qualitative estimates of how animals (mammals and birds) and vegetation will 

be affected by the proposed constructions such as powerlines or new infrastructure. 

The estimates limit to a descriptive level such as “no significant impact expected” or 

“no protected habitats in the proximity” (OÜ Hendrikson & Ko, 2016, p. 39).  
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4.1.3 Finland 

The Helsinki-Uusimaa regional land use plan covers nearly the entire capital region in 

southern Finland and the target year of the plan is 2050. The preparation of the regional 

land use plan took place between 2016-2020 and it was approved by the regional 

board in August 2020. One of the four focus themes in the plan is stated to be tackling 

climate change and using the nature and natural resources sustainably (Helsinki-

Uusimaa Regional Council, 2022), under which biodiversity falls. The content of the 

plan is presented in separate documents such as reports and maps. Thus, the SEA is 

integrated into the land use plan and has no separate SEA report. In fact, although a 

regional land use plan is a subject to the SEA Directive, the SEA process itself is 

carried out as part of the Land Use and Building Act (132/1999) for which the SEA 

Directive required improvements (Söderman & Kallio, 2009). The spectrum of 

environmental impacts that need to be assessed alongside regional planning work are 

thus determined in the Land Use and Building Act and one of those areas is vegetation, 

animal species, biodiversity and natural resources (Helsinki-Uusimaa Regional 

Council, 2017). 

The methods to assess the environmental impacts are declared in the participation and 

assessment scheme (Helsinki-Uusimaa Regional Council, 2017). According to the 

participation and assessment scheme, the environmental impacts of the regional plan 

are to be assessed above all verbally but also using methods that take advantage of 

numerical and spatial data. The appropriate method is to be selected at each stage of 

the assessment paying attention to the level of detail (Helsinki-Uusimaa Regional 

Council, 2017).  The evaluation of environmental impacts was carried out internally 

and with help of external experts  (Helsinki-Uusimaa Regional Council, 2020). Besides 

verbal, descriptive evaluation of impacts on biodiversity were quantified by external 

specialists from Helsinki University using Geographical Information Systems (GIS) -

based method called Zonation. The goal of the Zonation assessment was to identify 

what kind of natural values the regional land use plan either fosters or endangers. 

Using the GIS-based analysis allowed them to assess the impacts on biodiversity with 

estimated percentages of how much the plan would weaken the natural values on 

specific areas. The planned green links in the final land use plan 2050 are based on 
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the results of Zonation -analysis that allowed quite precisely to determine how large 

the green areas should be to function as an ecological corridor (Helsinki-Uusimaa 

Regional Council, 2018).  

The document concerning impacts on biodiversity is the land use plan report itself. It 
is stated that the natural reserves, Natura 2000 -areas and other natural areas for 

recreational purposes will secure the regional and cross-regional ecological networks 

with a high degree of ecological functionality. Additionally, those areas will contribute 

to the maintenance of biodiversity and support the sustainable use of the region’s 

natural environment. Ecological networks and corridors are aimed to be protected by 

directing new land use primarily to existing structures or its proximity. The negative 

impacts on biodiversity are evaluated to be caused partly by new road and railway 

connections that may disturb the mobility of species and fragment their habitat. This 

negative impact is evaluated to be possible to mitigate by directing the traffic to 

underground tunnels in crucial places. Urban ecology is being primarily protected by 

complementary building instead of building new areas. The planned underwater tunnel 

to Tallinn, Estonia from Helsinki is expected to cause impacts to the underwater 

environment. Altogether the natural values of the Helsinki region are expected to be 

weakened by the 2050 regional land use plan to some extent (Helsinki-Uusimaa 

Regional Council, 2020).  

 

4.1.4 France 
 

The Territorial coherence scheme of Lyon 2030 covers the metropolitan area of Lyon 

and coordinates the development of the 74 municipalities in the region. The purpose 

of the Territorial coherence scheme is to strategically guide the development of the 

growing urban area and the temporal scale is set to year 2030 (Sepal, 2017).  The 

Territorial coherence scheme is prepared by Sepal, a local public planning authority 

based in Lyon responsible for developing, implementing and monitoring the Territorial 

coherence scheme (SCOT 2030 Agglomération lyonnaise, 2022). The latest updated 

scheme is from 2017 (Sepal, 2017) and the actual, multistage SEA was carried out 
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between 2005 and 2009. However, the preparation of the latest version includes 

elements from SEA based on the Town Planning Code that was introduced in France 

in 2010. Biodiversity and ecological conservation are more robustly presented in the 

objectives (Sepal, 2017a). The environment is a very central topic in the Territorial 

coherence scheme, and protecting it is one of the objectives set by the Town Planning 

Code it should fulfil. Besides other environmental targets such as promoting renewable 

energy production, the Territorial coherence scheme should contribute to preserving 

good air and soil quality, natural resources, green areas, ecosystems and biodiversity 

(Sepal, 2017a).  

The approach in the SEA in the Lyonnaise context was the identification of four most 

pressing environmental issues. Each of these issues is formulated to describe the 

current state of the environment, latest trends, the potential negative outcomes if the 

issue is not tackled and finally the aims of the Territorial coherence scheme to respond 

to these issues and possibly enhance the environmental situation (Sepal, 2017a). The 

methods that were used to carry out the SEA constitute for a large part of preparatory 

work. Identifying the key environmental issues relied upon revision of the older version 

of the Territorial coherence scheme. The local Urban Planning Agency collected data 

that was used to verify and modify these environmental issues. Additionally, a 

workshop was conducted that allowed change of information about environmental 

matters between local authorities. As for biodiversity, the green network and key 

ecological corridors are based on work with local associations. This collaboration 

facilitated the definition of most critical green links and sites where restoration is 

needed (Sepal, 2017a). 

One of the four issues is the essential role of natural areas for keeping up the quality 

of life, agriculture, diversity of landscapes and attractiveness. The economic value of 

a rich natural environment is recognized in the Lyon area by enhancing the 

attractiveness and quality of life, but also contributing to the local identity. The presence 

of agricultural landscapes is declining but aimed to be safeguarded as it is considered 

to maintain openness and give character to the growing metropolitan region. The 

extension of urban spaces combined with declining agricultural activity weakens 

biodiversity by fragmenting natural habitats and preventing the movement between 
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ecosystems (Sepal, 2017a). The Territorial coherence scheme 2030 responds to the 

issue of fragmentation by promoting densification of urban areas while simultaneously 

preserving the existing natural and agricultural areas. The natural and agricultural 

areas should constitute a comprehensive green framework over approximately half of 

the region of Lyon. The Territorial coherence scheme provides guidelines and 

principles on how these areas are to be managed and developed in order to use them 

sustainably and preserve the ecological as well landscape value (Sepal, 2017a). The 

basic green framework will be additionally supported by green links in the urban areas 

such as parks, gardens, urban planting, green roofs or walls and other green spaces 

that can be incorporated into an urbanised area. These actions together will enhance 

the quality of urban life and maintain biodiversity. More specifically, the green network 

is designed so that the links will connect the biodiversity rich areas together and create 

corridors that are essential for a high degree of ecological functions (Sepal, 2017a).  

 

4.1.5 Italy  
 

The Regional Territorial Plan of Lombardy sets a strategic vision for both general and 

sectoral spatial planning of the region (The region of Lombardy, n.d.). The plan is 

updated each year and the update may bring new additions and changes based on 

ongoing research, development projects or coordination with other actors. The plan 

was updated last time in November 2021 (The region of Lombardy, n.d.). The Regional 

Territorial Plan sets a guiding foundation for Territorial Government Plans and the 

Provincial Territorial Coordination Plans and must therefore provide good grounds for 

synergistic planning (The region of Lombardy, n.d.). The Regional Territorial Plans are 

optional and the content of them may differ from region to region (OECD, 2017). The 

Regional Territorial Plan of Lombardy has four key tasks. First, it shall set strategic 

objectives for socio-economic development on the regional scale. Secondly the plan 

should establish a framework of infrastructure initiatives aligned with national interest. 

Third, the plan has an important role of setting operational criteria that safeguards the 

environment. As The Regional Territorial Plan guides other land use planning on a 

lower level, it must clearly set those criteria that will coordinate the safeguarding of 
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protected areas, agroforestry, ecological resources, geological and hydrogeological 

environment as well managing pollution and waste disposal. Lastly, the plan should 

provide sufficient levels of knowledge about the physical characteristics of the 

Lombardy region with special remarks on geological, hydrogeological and seismic risks 

(The region of Lombardy, 2010).  

The latest SEA conducted for the plan is from 2010 and presented in a separate 

environmental evaluation report. According to the SEA report, the SEA process 

facilitated formulation of improved plan objectives and identifying viable alternatives 

(The region of Lombardy, 2010). The methods to carry out the SEA included 

consultation of environmental experts, comparing planning alternatives, workshops 

and (internal) evaluation of considerable environmental impacts including development 

of mitigation and compensation measures (The region of Lombardy, 2010). In order to 

fulfil the requirements of the SEA Directive, the impacts of the plan on the Natura 2000 

network were evaluated by an “Incidence Study” in Chapter 14. In this part of the report, 

the protected natural areas, species and habitats are described, and locations 

presented. This is done to help a more detailed level of planning to make 

environmentally sound choices. The magnitude of impacts is not evaluated as it is not 

considered to fit the level of detail of the plan. The Regional Territorial Plan is very 

general and due to its strategic nature, the environmental impacts can be only 

hypothesised. A more effective and accurate environmental assessment is expected 

to be done at a more operational level of the planning later (The region of Lombardy, 

2010).  

The current state of biodiversity in the region of Lombardy is extensively described in 

the SEA report (The region of Lombardy, 2010). Chapter 5.1.4. in the report is 

dedicated to flora, fauna and biodiversity and acknowledges the steady decline of 

biodiversity in the region. The fragmentation of habitats is stated to be caused by 

human activities and especially traditional agricultural environments are at high risk. At 

the same time, the region of Lombardy has a variety of landscapes that creates rich 

habitats and protects biodiversity. Lombardy has the third highest number of wetlands 

in Italy that holds ecosystems with a concentrated level of biodiversity. The very highest 
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priority of protection in Lombardy is given to freshwaters, forests, swamps, 

sclerophyllous vegetation, grasslands, heathlands, caves and rocky habitats. Birds are 

as well an object of safeguarding as Lombardy has a high number of bird species, 

making birds the largest group of vertebrates. The region is very suitable for migratory 

birds from other Mediterranean regions and Africa. For the invertebrate fauna living in 

freshwater environments face natural and human-caused pressures. Scarcity, 

extinction and the reduction in the extent of habitats cause biodiversity loss. The 

relationship between biodiversity and water quality in rivers is demonstrated in 

Lombardy, biodiversity being greater in the rivers where water quality is better (The 

region of Lombardy, 2010).  

The Regional Territorial Plan is expected to have some positive, fostering impacts on 

biodiversity in the Lombardy region. If the set guidelines are being followed, the 

fragmentation of habitats should be tapered, and the ecological networks will be 

safeguarded which will prevent isolation of habitats. The planned restoration of natural 

areas and landscapes is expected to contribute to ecosystems wellbeing. Supporting 

environmentally friendly agricultural practices can lead to a recovery of natural areas. 

Other objectives that are expected to have a positive impact on biodiversity will be 

reduction of noise pollution, prevention of electromagnetic and light pollution, 

integrated infrastructure solutions and promoting research centres in the region. The 

main negative impacts on the environment are estimated to come from building new 

infrastructure that consumes land and may compromise ecological connections. Any 

clashing objectives such as the ones aiming at improving the competitiveness of the 

regional industry and protecting biodiversity are advised to be solved by appropriate 

localisation and strict regulation of activities (The region of Lombardy, 2010). 

4.1.6 Sweden 

The Regional Development Plan for Stockholm Region 2050 (Regional utvecklingsplan 

för Stockholmsregionen, for short RUFS 2050) covers the region of Stockholm and 

gathers the different interests for the regional development in a guiding and strategic 

manner. The plan has an important function as a platform to bring together different 

actors and interests of the capital region (Region Stockholm, n.d.). The target year for 
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the plan’s vision and goals is 2050 and the current version of the plan will be valid until 

2026. The plan was prepared by the public authority of Region Stockholm, and it was 

approved and adopted in 2018 (Region Stockholm, n.d.). The plan is presented in the 

form of a written report and supplemented with cartographic material (Region 

Stockholm, n.d.). The SEA has been carried out simultaneously with the planning 

process itself within the planning authority. SEA in Sweden is integrated into national 

legislation that aims to take environmental aspects into consideration. The goal for the 

environmental assessment is to provide a statement of environmental impacts and 

consequences that may occur upon implementing the proposed plan (Stockholm 

Regional Council, 2018).  

The document that addresses biodiversity is the regional development plan report. As 

RUFS 2050 addresses spatial and non-spatial development ambitions, the plan is 

structured into thematic issues, out of which one sub-issues is natural environment and 

greenery. Above all, the importance of greenery and the presence of a variety of natural 

areas is highlighted to serve the recreational purposes and the attractiveness of the 

region. The green areas are also said to provide key ecosystem services such as 

temperature regulation and air purification, which contribute to good living conditions. 

The weakened state of ecosystems on a global level is recognized in RUFS 2050 and 

the connections of Stockholm Region to nearby water areas, green areas and the 

atmosphere are brought up as a perspective to view the region as a part of the global 

network (Stockholm Regional Council, 2018). The environmental state in the region 

has improved over the last five decades and the most considerable risks to it are 

caused by poor water quality of surrounding lakes, the poor state of the Baltic Sea, 

climate change and some compromised groundwaters. The region’s ecosystems are 

said to be sensitive to global ecosystem changes and vice versa. There are several 

places in the Stockholm region that have a high degree of biodiversity and suitable to 

habitat a variety of species. RUFS 2050 has a strong ambition to safeguard and further 

develop the green wedges in the Stockholm region (Stockholm Regional Council, 

2018).  
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The environmental impacts are addressed in the same RUFS 2050 report as the trends 

and development conditions.  The methods to carry out the assessment of 

environmental impacts are not declared, which implies that the primary method was 

internal evaluation within the responsible public authority. The plan sets goals to 

improve the overall environmental quality and the state of the ecosystems but is lacking 

precise targets due the difficulty of finding quantified indicators. The safeguarding of 

green wedges and directing new buildings to existing public transport hubs is estimated 

to have a positive impact on the environment in the region and the absence of regional 

level guiding of development would significantly weaken the environmental values. The 

impacts of the plan to biodiversity specifically, are not addressed (Stockholm Regional 

Council, 2018). 

4.2 Semi-structured interviews 
 

This section presents the results of the four semi-structured interviews. Table 2 below 

presents background information about the interviewees.  

Name of the 
interviewee 

Position Educational background 

Lorea Coronado-
Garcia  

(Interviewee A) 

Chief Operating 
Officer 

B.S.E. & B.S. Material Science & Engineering, 
and Organizational Studies 
 
MSc, Forest and Nature Management 
 

John Byron Sanchez 
Jimenez 

(Interviewee B) 

Computer vision 
Engineer 

Bachelor’s in computer science  

Master’s in computer vision 

Helge Reikerås 

(Interviewee C) 

Chief of Technology 
officer  

Not declared 

Charlene Bruno  

(Interviewee D) 

Artificial intelligence 
engineer 

Master's in computer science with a 
specialization in big data and analytics 
 

Table 2. Information about the semi-structured interview participants.  
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4.2.1 Benefits of conservation technology  

The interviewee A was very clear that quantifiable variables (metrics) are needed in 

order to understand what biodiversity factors are in fact being conserved. They are 

also essential in understanding how to minimise any negative environmental impacts 

that might occur as a result of proposed action. She described that previous experience 

in the wind power sector has shown that without quantitative, numerical data, the 

debate in the planning process can become emotional and might rely on persuasions 

instead of facts. If there are numbers available about different alternatives, the 

discussion more likely stays focused about the optimal outcome. Interviewee D stated 

the same aspect of AI benefits for conservation and said that having an overview of 

the impacts of different alternatives to biodiversity is very helpful in deciding what 

causes the least of damage to the environment. Interviewee A added that since the 

natural environment is very complex, it requires to be interpreted in an intelligent way 

and this is where AI can be of great help. There are many possibilities to apply AI use 

in conserving biodiversity, and it may be most useful to focus on a specific issue in the 

beginning for the algorithm to become developed enough for that specific use. For land 

use planning purposes, AI could assist in understanding correlations. If a certain type 

of activity and changes in the environment correlate, that can assist in decision-making 

towards desired or avoidable outcome. 

Interviewee A emphasised that since a considerable number of resources and time 

goes into planning these projects, it benefits all stakeholders to have a clear overview 

of the environmental conditions and impacts as early stage as possible. In the energy 

sector, lack of understanding of the environmental impacts could lead to difficult 

decision problems between renewable energy solutions causing biodiversity loss or 

non-clean sources of energy causing emissions. Thus, having a clear overview of the 

environmental conditions and impacts already in the planning stage such as the SEA 

stage, could hold the benefit of being able to advise strategically later in the project 

planning of what data to collect and what variables to monitor. According to the 

interviewee B, AI could indeed optimise the SEA process and provide strong 

arguments (in a form of quantitative data) that makes it impossible to neglect important 

biodiversity considerations and having to rely on rough estimates. Combining 
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quantitative data and AI technology to the SEA process, the assessment of impacts on 

biodiversity could become more standardised, which could benefit the feasibility of 

SEA and protect biodiversity more effectively. 

 

4.2.2 Challenges of artificial intelligence  

According to interviewee A, there are some limitations and challenges regarding 

biodiversity conservation with help of AI. One of them derives from Environmental 

sciences, Natural sciences and technological programming historically being separate 

from one another. If the developing engineers do not have a sufficient substance 

knowledge about biodiversity, unintentional bias or misrepresentation might end up 

being transferred to a model they train. Interviewees C and D also raised the same 

concern of misrepresentation ending up to an AI model, often caused by the training 

data being not comprehensive enough. Some very famous examples of such situations 

are AI used to assist in human resources and self-driving cars but often the potential 

bias may not be evident and very difficult to detect. Second challenge of biodiversity 

conservation with AI according to interviewee A is the difficulty of putting a number on 

everything. This is especially true regarding the natural environment as it is very 

complex and there might be an existence value to something that is not yet understood. 

She added that it should always be taken into consideration of that the technology will 

not end up being used to destructive intentions such as hunting or capturing 

endangered animals. Interviewee B pointed out that the type of technology needs to 

be carefully selected to each situation so that the monitoring does not cause harm to 

the environment, such as e.g., using drones somewhere they would disturb the wildlife.  

A specific risk of AI according to interviewee A that could concern land use planning is 

the potential uncertainty. The engineers may not fully know how the AI system works 

which makes it difficult to fully control it. This might result in unconscious conclusions 

and uncertainties that decisions would be made based on. Additionally, if the data set 

being given to an AI system is not comprehensive enough, the algorithm could start 

prioritising certain types of land use or over or under protecting an area. The 
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interviewee B supposed that the greatest risks associated with enhancing the SEA 

process with AI concern trust. In the field of land use planning, people may not be 

willing to accept that an AI system generates suggestions regarding their living 

environment. The decision-makers may fear that they have less power to influence the 

outcomes if there is indisputable data about the impacts on biodiversity. Conflicts of 

interest may arise easier as land use plans often determine what kinds of resource-

intensive projects will take place later and where.  

 

4.2.3 Conservation technology in practice  

Interviewee B stated that building an AI system for the purpose of SEA requires above 

all the ability to model the issue mathematically. In this research framework that means 

that one should be able to model land use planning and biodiversity. This requires 

determining what are the inputs for the model, based on what is considered important. 

This decision determines what are the variables and what data to collect. Interviewees 

B and D were asked whether the available data online such as the European SEBI 

indicator set could be used as an input, they stated that they are unusable for the 

purpose of building an AI model. They may be helpful in making the decision about the 

important specific variables but cannot compete with an ongoing recording such as 

camera footage in precision and accuracy. Having the data in the form of discrete 

variables is essential. Interviewee D added that it is however always important to 

investigate whether there are previous studies done in the area of interest and then 

determine if additional data is needed to collect.  

Regarding this research of more effective biodiversity conservation in land use 

planning, Interviewee B said that AI can be a benefit as it is supposed to solve 

optimisation problems. The optimisation problem would be minimising the impacts of 

land use on biodiversity. The more variables there are in the AI model, the less error 

there will be in the output. This is an enormous task, as biodiversity and land use 

planning are very broad concepts, and the number of variables is countless. All four 

interviewees emphasised that collecting data about the wanted biodiversity variables 
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would require a considerable amount of manual work and that technology could make 

the collection process faster, easier and more reliable. Compared to human observers, 

technological devices can be set up to record 24 hours a day all around the year, and 

they are much less likely to make mistakes compared to humans. Switching observers 

to technology can even solve some practical issues such as remote location of the site 

of interest. In addition to these benefits, technology causes less interference to the 

nature compared to humans. There are many ways of collecting the wanted data about 

biodiversity. Interviewee C named some examples being camera traps, wildlife photo 

boxes, many kinds of sensors, audio recordings, satellite images and drone images. It 

always depends on the purpose which technology is the most suitable to apply. 

Interviewee D specified that the sensors typically detect aspects such as weather 

conditions or temperatures.  

Interviewees B and D both described how to build an AI model that could assist in the 

SEA process. The first step is to simply monitor an area where the development e.g., 

infrastructure construction would take place. Interviewee D added that sometimes the 

monitoring phase could reveal that the area does not contain much biodiversity and is 

suitable for proposed action. She also said that the monitoring time needs to be long 

enough to cover various conditions such as seasonal changes. After this initial step, 

monitoring should continue for a sufficient period in order to retrieve comparative data. 

Having the data to compare enables the building of a model of the impacts. In the 

second step, this first crafted model can be thereafter used in trying to predict what will 

happen in the development area. Another monitoring period of the development area 

would then start, and the AI system would be used to predict the environmental 

impacts. The actual, comparative data of the impacts needs to be collected later in the 

second step too, in order to make sure that the AI system works. Any error found 

between the actual data and the AI-based prediction will be useful in improving the 

system to make better predictions. The more times the second step is being repeated, 

the more accurate the system becomes. The goal is to minimise the error as close to 

zero as possible, yet the interviewee D specified that 100% accuracy is never 

achievable.  
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5 Analysis 
 

This section aims at analysing the results of the document analysis and the semi-

structured interviews in relation to the research aims.  

 

5.1 Addressing biodiversity 
 
The findings of the six regional land use plans’ SEA reports analysed exemplify some 

of the practices of addressing and assessing biodiversity in the field of regional land 

use planning in the EU. In order to understand the way of addressing biodiversity 

better, it may be useful to distinct the two main SEA approaches found from the 

documents. France, Italy and Finland best represent the strategic thinking SEA -model, 

where the land use solutions are developed based on that specific development 

context in a way, they will promote sustainability (Partidario, 2012). Estonian, Danish 

and Swedish SEAs do better represent an EIA-based SEA, where the role of the 

assessment is to track consequences of the plan to the environment. The Estonian 

SEA is a good example of an EIA based SEA and focuses very much on assessing 

physical consequences on the environment. The description of the current 

environmental state focuses on the protected areas and species, following a baseline 

approach from a typical EIA (Partidario, 2012).  

Biodiversity was addressed in all the six SEAs in various ways. A common factor to all 

of them was the level of detail. As one of the principles for SEA is to follow the detail 

level of the plan (Therivel, 2012), the similarities in the assessment detail should be 

expected when assessing six regional land use plans. The level of the biodiversity 

considerations in all the SEAs was approximate and relied largely on estimates. Both 

positive and negative expected impacts on biodiversity were descriptive. Two of the 

SEA reports (Denmark and Italy) point out where the proposed development will need 

an EIA. This level of detail is an appropriate choice since the regional plans guide more 

detailed planning and set the strategic path for spatial development. Based on the 
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literature review, this is a correct way and level of detail to conduct a SEA (Therivel, 

2012; Partidario, 2012).  

There were similarities found from the SEA methodologies. A qualitative set of 

methods was the most used one, as the literature review anticipated (Noble et al., 

2012). Although the assessment methods were not in each SEA report clearly 

described internal evaluations within the planning authority were used in the four SEAs 

that were not outsourced to consultancy companies. In the Finnish and Italian SEAs 

external evaluations were taken advantage of to bring specific expertise into the SEA. 

Workshops were used in the Italian and French cases that allowed the exchange of 

information about environmental matters and could enhance the stakeholder engaging 

nature of SEA (Therivel, 2012). Quantitative methods on assessing biodiversity were 

used only in the case of Finland in the form of GIS-based analysis. In the Swedish 

regional plan report it is clearly stated that the status of ecosystems should be 

described and tracked using quantifiable indicators but that is not done as appropriate 

ones are difficult to find. While qualitive assessment methods were the most common 

way to address biodiversity in the analysed SEAs, the literature regarding the issue 

(Lambeck, 1997; Treweek et al., 2005; Wiegleb & Bröring, 2005; Mörtberg et al., 2006) 

on the contrary suggests that quantifying biodiversity is the foundation for an effective 

way to address biodiversity in SEA.  

The results of the semi-structured interviews strongly suggested that technology holds 

significant potential in reducing the amount of uncertainty by providing quantified 

metrics about biodiversity. Not only does quantifying biodiversity help to understand 

the magnitude of impacts but also to benchmark what is in fact being conserved. AI 

can effectively assist in analysing and interpreting data since biodiversity poses 

complexity and requires a deep understanding of the causal links (Wiegleb & Bröring, 

2005). The interview results communicated that experience from the wind power sector 

has shown that concrete, quantified data about the environmental impacts makes it 

impossible to neglect biodiversity considerations intentionally or unintentionally and 

can guide the decision-making towards optimal outcome. Finding ways to meet the 

desired targets is one of the goals of strategic thinking SEA (Partidario, 2012), and 
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these aspects of efficiency and accuracy could be useful in making more accurate 

predictions and conclusions, as well keep the assessment more focused about the 

outcomes that foster biodiversity. 

All the six land use plans and their SEA reports can function as a source of information 

about the current state of the biodiversity and the recent trends for a more detailed 

level of land use planning. The interview results suggested that having data about 

biodiversity in the early phase of planning such as in the SEA stage, could be used 

later to advice strategically on project-level what factors are important to monitor. Both 

results are supported by the theory of strategic thinking SEA, as one of the objectives 

is to provide guidelines for subsequent planning (Partidario, 2012). Another important 

feature of the strategic thinking SEA -model is to assess risks and opportunities instead 

of simply the impacts (Partidario, 2012). The risks and opportunities in the analysed 

SEAs were addressed in a variety of ways. The risks were typically considered to be 

projected on protected areas, habitats and species, which is how Treweek et al. (2005) 

propose to address biodiversity within SEA. The concern of biodiversity loss was the 

most clearly articulated in the Danish and Italian cases. The only SEA report where the 

existence of opportunity scenarios and the potential of SEA to enhance the 

environmental situation is clearly stated, was the French one. On a general level, all 

the SEAs implied that protected areas are seen as an asset in protecting biodiversity 

but as somewhat a limitation regarding new development. This was especially true 

regarding the plans of new infrastructure which viewed as a major threat to biodiversity 

by taking up land space and creating barriers for species movement.  

 

5.2 Artificial intelligence in biodiversity conservation   

All interviewees raised some challenges that may arise when using AI for biodiversity 

conservation. Regarding SEA and land use planning, the main challenges that might 

arise are most likely to be social ones and relate to the fact that land use planning 

solutions affect very directly on peoples living environment and to the projects that take 

place later. This is at the same time one on the most important justifications to perform 
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SEA (Therivel, 2012). The issue of lacking trust towards AI and the concern of ethics 

is common on other areas of AI applications as well (Lorica & Loukides, 2016). The 

projects affected by land use planning solutions can be very resource intensive (e.g., 

infrastructure, energy), issues regarding power-relations may arise if there is accurate 

data available in the SEA stage already about the environmental impacts on 

biodiversity. Typically, the detailed environmental impacts are assessed much later in 

the EIA and having an overview of negative environmental impacts on biodiversity 

could potentially mean less power to influence for some stakeholders.  Understanding 

biodiversity conditions better in the SEA stage with help of AI could assist the 

development of viable alternatives that would enhance biodiversity, which is what 

strategic thinking SEA in essence strives for (Partidario, 2012).  

 

 

Figure 3 Strategic thinking SEA enhanced with technology and AI. (Adapted from Partidario, 2012). 
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Reflecting the interview results that described AI model building to a strategic thinking 

SEA -model, one hypothetical conceptual model can be developed, as visualised in 

Figure 3. Carrying out a strategic thinking SEA and building an AI model would both 

ideally begin by analysing the context and determining what is important. Determining 

the key variables is very close to the idea of critical decision factors in the SEA process 

(Partidario, 2012), only within biodiversity, and for the AI model building choosing the 

key variables determines what data to collect. The initial monitoring stage could 

potentially contribute to the strategic thinking SEA by deepening the understanding of 

the development conditions and the causes behind sustainability issues (Partidario, 

2012). The initial stage of deciding upon the key variables belongs to humans but after 

monitoring has continued and there is more data available of those selected 

biodiversity variables, the results can be used to support the re-evaluation of the key 

variables.  

Once the wanted amount of data (inputs) is retrieved it can be entered into the AI 

model. Based on the results (outputs), one might be able to use the results to support 

the SEA stage two by developing alternatives, assessing risks and opportunities, 

developing pathways and guidelines (Partidario, 2012). The development of guidelines 

includes making recommendations to the environmental assessments later such as 

EIA (Partidario, 2012), which was also, a benefit aspect raised in the interviews. The 

interviewees described that in order to build a functional AI model and minimise the 

error degree, the monitoring should be continuous. The third, continuous stage in the 

SEA process is currently not taking place in practice (Partidario, 2012) but using 

ongoingly collected data again as a basis in the subsequent SEAs could function as 

an incentive. The third strategic thinking SEA stage has an important function of 

evaluating and monitoring of the implemented strategic action (Partidario, 2012) which 

ongoing monitoring could to some extent contribute.  
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6 Discussion  
 

This section provides critical reflections on the research results and methodological 

choices. Finally, practical considerations are raised and the contribution of the 

research results to a larger framework are discussed.  

 

6.1 Critical reflections on primary findings  
 

The overall aim of this research was to assess the current SEA practices of addressing 

biodiversity and explore how conservation technology with a focus on artificial 

intelligence (AI) could assist SEA in order to address biodiversity loss more effectively 

in the field of land use planning. The overall aim was fulfilled by two research questions. 

The goal of the first research questions was to exemplify trough a document analysis 

of selected European land use plans, what kind of biodiversity factors are addressed, 

to what extent and what assessment methods are used. The findings of the document 

analysis demonstrated that biodiversity is typically addressed in qualitative terms. 

Biodiversity loss continues to be a pressing global issue (Rockström et al., 2009) which 

land use directly contributes (Lambeck, 1997; Sala et al., 2000; Díaz et al., 2006), and 

biodiversity matters would be the most feasible to address in the SEA stage of planning 

(Treweek et al. 2005). It should be highlighted that the document analysis only 

exemplifies some of the current SEA practices, and six cases is a very small number. 

Each Member State carries out on average dozens, some even up to hundreds of 

SEAs annually out of which large part accounts for spatial plans (European 

Commission, 2016). The results of the document analysis are not representative to all 

the SEAs conducted in EU for regional land use plans, and there is uncertainty whether 

more quantitative methods or different ways of addressing biodiversity are being used 

in practice.  

The second research question was to investigate based on semi-structured interviews 

what benefits conservation technology holds. The goal of the second research 

question was to provide hypothetical discussion based on those semi-structured 

interviews on how conservation technology could support the SEA process in order to 
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conserve biodiversity more effectively in the field of land use planning. The results of 

the semi-structured interviews suggested that technology holds significant potential in 

collecting data about biodiversity effectively, reliably and cost-effectively. The results 

are in line with the scientific literature of the emerging field of conservation technology 

(Berger-Tal & Lahoz-Monfort, 2018; Speaker et al., 2021; Tuia et al., 2022). The 

interview results showed that with help of AI, interpreting that data can be done 

efficiently to understand the complexity, correlations and causal links which is essential 

for an effective biodiversity assessment (Wiegleb & Bröring, 2005) yet there are two 

requirements. Only quantified, discrete variables are suitable for the purpose of 

applying AI technology. This means that e.g., existing environmental reports or 

databases describing the state of biodiversity (European Commission, 2016; Wiegleb 

& Bröring, 2005) would typically not be useful, and the data must be collected from a 

scratch. It should be highlighted that the interview results are to some extent based on 

experiences from the wind power sector, and it is only an assumption whether the 

same benefits, requirements and practical aspects apply for land use planning. This 

means that the suggestion of the hypothetical conceptual model is also based on the 

previous experience of building an AI software for the purpose of bird monitoring in the 

wind farms.  

The results imply that the application of conservation technology to the SEA process 

would not offer a complete solution to curb biodiversity loss by means of land use, 

mainly because biodiversity is such a broad concept.  Collecting data about biodiversity 

with help of technology could at its best to provide quantified data about selected 

biodiversity variables and AI could analyse that in a more intelligent way. The 

expectations for conservation technology benefits should however be kept moderate, 

as large amounts of data needs to be collected and interpretation with AI eventually 

only does what it is programmed to do. It cannot suggest flawless solutions for the land 

use planning problems that will maximise biodiversity conservation and simultaneously 

satisfy all stakeholders. However, addressing biodiversity in the SEA could become 

more effective with help of conservation technology and there are promising 

experiences of this from the energy sector.  
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6.2 Practical considerations  
 

From a practical point of view there are three main components to point out regarding 

bringing conservation technology to a SEA. Firstly, the task to collect data and build 

an AI model is massive and requires special expertise, which is why it should be 

expected to be outsourced and that may be hindered by lack of financial resources. In 

the end, biodiversity is only one environmental aspect SEA can address among many 

others (Partidario, 2012). Secondly, at the time of choosing the biodiversity variables 

that to monitor, they should be selected accordingly to each SEA as each development 

context is unique. Land use solutions can effectively aid in securing critical habitats 

(Steffen et al., 2015), which implies that they should be given special attention to in 

choosing the key variables. Lastly, the fragmented and inconsistent data about 

biodiversity is a real issue (Pereira et al. 2013), and the selected variables should 

ideally fit and contribute to a larger framework, such as the EBVs.  

Furthermore, since various EU Member States have online databases and portals 

where environmental data can be shared (European Commission, 2016) the collected 

and analysed data could be shared on these platforms to contribute to other areas 

such as policymaking (e.g., the EU Biodiversity Strategy 2030) that aim at 

strengthening the state of biodiversity (European Commission, n.d.-c). Even though 

the benefits of technology seem promising, it is important to highlight that conservation 

technology may have environmental burdens itself. Storing and sharing data has a 

significant environmental impact and the demand is constantly increasing. The 

environmental impacts come primarily from energy consumption, as data centres 

require a considerable amount of electricity to run (Dayarathna et al., 2015).  

 

6.3 Significance of the results  

Besides the deepened level of accuracy, another key benefit of bringing conservation 

technology to the SEA process could offer, is to enhance the cyclical nature of the SEA 

process (Partidario, 2012). As the hypothetical conceptual model (Figure 3) suggested, 

the usage of technology could be used in a cyclical way throughout the SEA and enable 
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the link between a conducted SEA and a the third, follow-up stage (Partidario, 2012).  

The ongoingly collected data in the third stage to evaluate the impacts and changes 

but also be used again in stage one, to further deepen the understanding of the 

development context. This could potentially encourage the use of the strategic thinking 

SEA -model as one the ambitions of the strategic thinking SEA -model is to achieve a 

better understanding of the development context (Partidario, 2012). Furthermore, that 

better overview could improve the whole planning process, which is one of the goals 

of SEA (Partidario, 2012) and has been a clear benefit on the energy sector according 

to the results. The continuous monitoring could also ensure that the desired 

biodiversity levels are being maintained (Treweek et al., 2005). 

Combining conservation technology to the strategic thinking SEA -model would 

support several of the SEA principles developed by Therivel (2012). If technology 

would be taken advantage of, that naturally happens in early on of the SEA because 

of the way data needs to be collected as described in the interview results. This 

ensures the SEA to take place ongoingly alongside the planning process and prevents 

the implementation of SEA being too late when it has no real value (Therivel, 2012). 

Secondly, the initial monitoring phase of could reveal factors that would not otherwise 

come up, which may broaden the understanding of the issue. Normally the broadened 

understanding in SEA is achieved by inclusion of stakeholders (Therivel, 2012) but the 

outcome could be similar. Quantifying biodiversity with help of technology would offer 

benefits in identifying critical thresholds, as SEA is meant to ensure that the “no point 

of return” is crossed (Therivel, 2012). A specific benefit AI could offer in theory, is to 

effectively find the best option (solve an optimisation problem) as one principle is to 

assess different options and choose the best one (Therivel, 2012). A somewhat 

problematic principle is the third one of keeping SEA feasible (Therivel, 2012), which 

conservation technology could contradict. The task of collecting data and building an 

AI model is demanding and goes significantly in more detail than the level of the plan 

in regional land use planning, which is against the principle of simplicity (Partidario, 

2012).  
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The results of this research suggested that biodiversity is currently not addressed in 

detail enough to be effective in land use planning SEAs. SEA could be a powerful tool 

to address biodiversity loss caused by land use at the early stage of planning (Treweek 

et al. 2005), especially in EU Member States where certain land use plans fall under 

the SEA Directive. SEAs within the field of land use planning have a long history in 

Europe (Knopp & Albrecht, 2005), which implies that land use planning might be one 

of the most suitable fields to bring new applications such as conservation technology 

to. According to literature, the key issue however concerns data (Wiegleb & Bröring, 

2005; European Commission, 2016), and the interview results indicated that 

technology could significantly uplift the data collection while AI can be used to interpret 

the data. Taking advantage of conservation technology in SEA could offer one potential 

solution of bridging the gap between inadequate biodiversity assessment within SEA 

and the problem of data.  
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7 Recommendations for future studies 

Since the suggestion of the conceptual model of conservation technology in the SEA 

is purely hypothetical, the results of this research should be tested and developed 

further in real life. The feasibility of the conservation technology benefits in the field of 

land use planning could be further studied by implementing a pilot study alongside an 

ongoing or upcoming SEA. A pilot study could demonstrate the degree of feasibility of 

collecting data and analysing it with AI in SEA in practise. It could also give a better 

understanding of possible preconditions, costs, and the timeline of the process. 

Implementing a pilot study could also produce information about the attitudes among 

planners and other stakeholders towards AI use for biodiversity conservation, since 

the challenges raised in the interviews were mainly social ones. A good starting point 

for a pilot study could be an optimisation problem between a proposed land use 

solution and biodiversity. Since the sustainable use of land in Europe is dependent on 

the optimal solutions (The European Environment Agency, 2020a) and conflicts are 

expected to arise (Pérez-Soba et al., 2018) this kind of a setting could be worthwhile 

to test the conservation technology capabilities for land use planning.  

There are two uncertainty elements in this research that could be a basis for further 

research. As the number of land use plans selected to the document analysis is very 

small and the interviews were conducted with only one company working with AI, both 

could be important to study further to validate the results of this research. Conducting 

a document analysis for a significantly larger number of land use planning SEAs would 

offer a more comprehensive representativeness of current practices of addressing 

biodiversity in European land use planning SEAs. Secondly, although the interviewees 

had a strong substance knowledge about biodiversity, computer science and AI, the 

interview results could be validated by conducting similar interviews with more 

interviewees working with conservation technology. Any similarities identified from the 

results could be used to develop the hypothetical conceptual model further.  
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8 Conclusions  
 

This study assessed the current SEA practices of addressing biodiversity and explored 

the possibilities of conservation technology with a focus on artificial intelligence (AI) to 

assist SEA in order to address biodiversity loss more effectively in the field of land use 

planning. It included an investigation of biodiversity considerations in land use planning 

SEAs in six European countries and based on the practical insights derived from 

interviews a hypothetical conceptual model was developed. This research resulted in 

three main conclusions. Firstly, this research demonstrated that biodiversity in the 

European land use planning SEAs tends to be addressed foremost in qualitative terms. 

Biodiversity considerations in regional land use planning SEAs typically follow the level 

of detail of the plan and therefore are addressed on an approximate level. Impacts on 

biodiversity rely largely on estimates, while to assess biodiversity effectively within the 

SEA requires quantified biodiversity variables too. Secondly, the results suggested that 

monitoring biodiversity with help of technology and analysing the data with AI offers 

many benefits for biodiversity conservation. The key benefits are more effective and 

reliable data collection, more intelligent interpretation of the data and an enhanced 

planning process. Conservation technology could enable SEA to address biodiversity 

more effectively. Finally, this research resulted in a suggestion of a hypothetical, 

conceptual model of how conservation technology could be taken advantage of in the 

strategic thinking SEA -model in a cyclical manner. Combining conservation 

technology to SEA could encourage the use of strategic thinking SEA -model and 

support several principles of the SEA theory. 
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Appendix I  
 

The interview guide used in the semi-structured interviews. About a week prior to the 
interviews, the interview guide below was sent to the interviewees via email.  

 

Theme Main questions 

SEA As the current methods to conduct SEA are largely qualitative, do 
you think AI holds potential adding in quantitative methodology? 

Land use 
planning  

Could AI-based software be trained to learn the wanted land use 
parameters and suggest alternative land use scenarios? 

The opportunity -scenarios: How to reach the goals of effective 
land use and still conserve biodiversity?  

What could be the potential ethical issues in the field of land use if 
the land use solutions are created by AI? 

Biodiversity What are the main benefits of using AI in biodiversity 
conservation?  

What about drawbacks?  

Could AI show where risks on biodiversity could arise (such as 
isolation)? Or suggest opportunities (enhancing biodiversity) that 
would require too much work in the SEA from humans?  

AI What are the different types of AI (model-building, problem-solving, 
decision-maker)? What are the strengths of these in relation to 
biodiversity conservation? 

What kind of data is the most feasible to work with? Where to 
retrieve it? What are the main practical problems and limitations?  
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