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The systems of policies impacting climate change mitigation are complex. Yet, to date, we have limited conceptual and empirical knowledge on the dynamics within these. We address this gap by employing a systems lens to untangle the interactions between the policies affecting climate change mitigation in the electricity generation space. We conceptualise climate policyscapesfor electricity generation as systems populated with policies whose means impact decarbonisation in the electricity generation space. The impacts under analysis include both support and obstruction of climate change mitigation. We analyse the evolution of the UK climate policyscape from 1956 to 2022. Methodologically, we combine qualitative content analysis and network analysis. We populate the policyscapes with pieces of legislation in the electricity generation space and employ qualitative content analysis to identify the policy means affecting climate change mitigation. Our network analysis of the 2022 climate policyscape reveals that policies hindering climate mitigation remain largely present, which renders the climate policyscape incoherent. We show that policies supporting mitigation are more likely to behave as a group than policies hindering climate mitigation. Climate policies tend to be adopted as packages, whilst fossil policies remain a steady process throughout the history of the UK climate policyscape.
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1 Introduction

Mitigating the climate crisis requires profound societal transformations (Schellnhuber, 1999; Feola, 2015; Biermann et al., 2016; IPCC, 2018; Moore et al., 2021). These range from the phase out of fossil fuels to the uptake of ready-to-deploy renewable energy technologies. Policies, such as legislative and executive instruments, have an undisputed role in advancing these transformations (Eskander and Fankhauser, 2020; Peñasco et al., 2021). A significant proportion of the polices that impact the climate mitigation process is not specifically intended as climate policies by policymakers (Green, 2021a). Climate change mitigation is affected by a wide range of decisions, e.g., policies aiming to maintain the fossil fuel industry, phase fossil fuels out, limit CO2 emissions, and uptake ready-to-deploy renewables1, amongst others. This can be problematic for the analysis of climate change mitigation. Considering solely those climate policies which are explicitly intended as such can lead to the exclusion of relevant instruments with severe positive or negative impacts on the overall mitigation process. This paper takes this observation as a starting point by painting the broad picture of policies affecting mitigation, both supporting and limiting CO2 emission reduction, as well as the extent to which they interact with each other.

Complexity theory contends that a system is greater than the sum of its parts. Applying this theory, Earth system governance2 scholars argue for the importance of painting the macro-picture of institutions impacting climate action. This step is crucial to understand how the components of a socio-institutional system (such as policy systems) co-exist together (Young, 2010; Macintosh and Wilkinson, 2016; Pattberg and Widerberg, 2019; Biermann and Kim, 2020; Hickmann et al., 2020; Leach, 2021). Focusing solely on policies explicitly intended as “climate policies” by policymakers offers a skewed picture, limiting our knowledge of how jurisdictions comprehensively address climate change mitigation with a broader set of policies (Capano and Howlett, 2020). Additionally, we know little about how these policies interplay with each other (Kosow et al., 2022; Maor and Howlett, 2022). This paper contributes to the concepts of climate policyscapes and policy interactions in the form of overlap-interactions between policy means, i.e., how a policy defines the way to achieve a goal (Sewerin et al., 2022). We apply network theory to the study of the electricity generation space in the United Kingdom (UK) from 1956 to 2022. This paper untangles the system of policies affecting climate change mitigation, either supporting or hindering it. To this end, we address the following research question: How has the UK climate policyscape for electricity generation evolved between 1956 and 2022, and how do its individual components interact?

By exploring the electricity generation space in the United Kingdom, this study moves beyond the explicit intent by policymakers in defining climate policies and analyses the broad climate policyscape affecting mitigation. The analysed policies are laws which regulate fossil fuels expansion, uptake of ready-to-deploy renewable energy technologies, and overall CO2 emission reduction in the space of electricity generation. In doing so, legislative documents are the unit of analysis for a historical large-N analysis. Our sample begins in 1956 when the UK’s first environmental law (the Clean Air Act) was enacted (Mosley, 2017), and includes legislation both supporting and hindering mitigation. This approach differs from previous studies on policy mixes as we populate the system of policies with both those for and those against mitigation (Ossenbrink et al., 2019). We specifically consider policies addressing the expansion or phase out of fossil fuels (i.e., coal, gas, and oil), the phase out of fossil fuels, the uptake of ready-to-deploy renewables (i.e., solar photovoltaics, offshore and onshore wind), and the decrease of CO2 emissions. Overall, we place climate change mitigation in the electricity generation space at the centre of the study rather than explicit intent of policymakers in defining which ones are “climate policies”(Cashore and Bernstein, 2022). Methodologically, we employ a combination of qualitative content analysis of legislative texts and network analysis. In doing so, we trace the history of climate policyscapes in the electricity generation space from 1956 to 2022 and explore the interactions within them by analysing the content of 231 legislative documents. The results of the content analysis offer the basis to determine nodes and links for the network analysis, which unveils the extent to which legislation (mis)aligns within the 2022 climate policyscape. We identify bilateral overlap-interactions based on the degree of alignment between policy means, such as designations of actors receiving subsidies to deploy solar PVs or paying a carbon price. This allows us to categorise the overlap-interactions as climate-symbiotic and fossil-symbiotic, according to how the overlap-interaction addresses decarbonisation. The findings of this study show an important level of incoherence in the climate policyscape. Yet, climate-symbiotic overlap-interactions tend to be more clustered with than fossil-symbiotic ones. It suggests that climate policies are designed to operate together. This finding is echoed by the fact that climate policies tend to be adopted collectively at once, whilst fossil policies are steadily adopted over time.

The contribution of this study to the literature is threefold. Theoretically, we expand the literature applying concepts from systems science on interdisciplinary environmental social sciences. Contending that institutional systems are complex entities (Kim, 2013); it is fundamental to study the relationships between the components of such systems (Pattberg and Widerberg, 2019). We draw from network theory to explore the maze of overlap-interactions between policies affecting climate change mitigation. This contribution is mirrored methodologically. Applying network analysis to climate change governance is a promising avenue to explore the policy architecture at multiple governance scales. A growing number of studies employ this method (Kim, 2013; Pattberg and Widerberg, 2015; Milhorance et al., 2020a; Leach, 2021). There are calls to pursue such research also at other governance scales (Pattberg and Widerberg, 2019). Drawing from complexity theory, we ought to unravel the range of dynamics connecting policies with each other whilst being part of a broader system of policies (Young, 2010; Coupette et al., 2021). Yet, there is limited research on climate change mitigation governance at national level with network approaches. Lastly, our empirical contribution stems from the novelty of analysing policies that both support and limit mitigation. Literature encourages research attending the spectrum of policies impacting climate change mitigation, both those aiming to decarbonise and those preventing decarbonisation (Capano and Howlett, 2020; Sewerin et al., 2022). This is guided by frameworks to delineate policy mixes according to the impacts that policies have on a specific policy area (Ossenbrink et al., 2019; Rogge and Stadler, 2023). Yet, these calls have limited empirical responses (e.g., Schmidt and Sewerin, 2019; Kosow et al., 2022). These empirical assessments, however, do not include multiple policies that limit the impacts under analysis due to empirical constraints in the study of large-N policy mixes (Howlett and Del Rio, 2015; Sewerin, 2020). As such, rather than siloing policies supporting or limiting mitigation, we respond to these calls by applying ecological epistemology to the study of institutions. So, we analysed both policies as a single policy system populated as a large-N study (Leach, 2021). We consider the overlap-interactions between policies and conceptualise the policy landscape as a heterogeneous space with a diverse policy population.

Electricity generation is a relevant example of a policy landscape where it is necessary to unveil antithetical policy goals (Stokes, 2020). It is a space where measures aiming for CO2 emission reduction co-exist with policies providing subsidies to the fossil fuel industry. For example, Norway, one of the early adopters of carbon taxes, also has significant tax breaks to the oil industry (Lepic, 2020; Farstad et al., 2022). This observation suggests that contradictory messages inhabit the electricity space. The UK offers an ideal case study to unravel these dynamics in the electricity generation space.3 It is both a high-emitting jurisdiction and considered at the forefront of climate change mitigation policy (Lockwood, 2021; Stephenson and Allwood, 2023). It was one of the first countries to adopt climate legislation, whilst expanding its deployment of ready-to-deploy renewables, particularly of offshore wind (Lovell et al., 2009; King, 2018). Yet, a number of policies supporting the oil and gas industry are in place aimed at expanding fossil fuel extraction onshore (coal mines) and offshore (oil and gas exploration) (Allwood et al., 2019; Somerville, 2021; Harvey, 2022). Hence, the UK presents a constellation of policies underpinning the progress toward halting CO2 emissions, yet little is known about how these competing policies interact with each other.

We proceed as follows. Drawing on the literature on policy mixes and policyscapes, institutional interaction and policy coherence for Earth system governance, we propose a framework to study the system of policies affecting climate change mitigation (Section 2). We then summarise how network theory contributes to and enriches the study of interactions within climate policyscapes (Section 3). Next, we built our novel network model, populated with legislative (Section 4). Section 4 also outlines how we operationalised overlap-interactions in climate policyscapes to conduct a network analysis. We then report central results (Section 5) and discuss these findings in the context of Earth system governance for climate change mitigation (Section 6).



2 Climate policyscapes and interactions

As complex systems, climate policyscapes are greater than the sum of their parts. For example, the simultaneous adoption of two climate policies can produce non-linear effects beneficial to climate change mitigation, whilst the co-presence of a policy in support of fossil fuel extraction and a policy to deploy renewable energy technologies can have undermining effects to decarbonisation. As such, there is limited knowledge on the link between the components within the climate space. To address this knowledge gap, we build a conceptual framework using various bodies of literature. First, we focus on the concepts of policy mixes and policyscape for climate change mitigation. Second, we discuss overlap-interactions between policies, zooming in on coherence as link between policies by touching upon the concept of policy coherence.


2.1 Setting the scene: climate policyscapes

A growing body of literature explores the presence of multiple policies addressing environmental concerns in the same context. Policymakers adopt, for example, investments, regulations, taxes, and more policies to decarbonise a jurisdiction. This observation highlights that most high-emitting jurisdictions have sets of policies aiming to mitigate climate change. Thus, scholars contend that policies exist and operate as part of a policy-mix or policyscape (Wurzel et al., 2019; Therville et al., 2020; Zabala, 2021; Elsässer et al., 2022). This argument reflects both theoretical and empirical observations. From a theoretical perspective, addressing socio-ecological crisis, e.g., climate change, requires more than a single policy (Gunningham and Sinclair, 1999). Indeed, the complexity of climate change and its mitigation calls for a multitude of changes in societies, hence societal transformations (Feola, 2015; Moore et al., 2021). For example, neoclassical environmental economists consider policies pricing CO2 emissions essential to decarbonise societies (van den Bergh and Savin, 2021; van den Bergh and Savin, 2023; van den Bergh et al., 2024). Further evidence from other scientific fields, however, demonstrates that unless carbon pricing is paired with other policies, it has limited impact on decreasing CO2 emissions (Rosenbloom et al., 2020a,b; Lilliestam et al., 2021; Green, 2021b). Similarly, only adopting policies targeting individual behavioural change produces insufficient results in mitigating the climate crisis (Bhardwaj et al., 2020). Overall, halting the climate crisis calls for societal transformations engaging with various actors from a diverse range of sectors, which requires a configuration of multiple policies (Hanna and Victor, 2021).

National governments recognise the need for diverse climate mitigation efforts. Most countries are addressing climate change mitigation with a policy portfolio populated with more than one policy. Several policies have been adopted and implemented over the years (Eskander and Fankhauser, 2020). As a result, more than one policy is in effect at the same time and in the same place. Empirical studies reveal the evolution of policy mixes by unfolding their population overtime. Scholars pursue large-N studies that quantify the evolution of policy population in jurisdictions by proposing measurements of policy density, i.e., the number of policies in a policy mix (Schaffrin et al., 2015; Schmidt and Sewerin, 2019; Burns et al., 2020). The results from these studies illustrate how jurisdictions have been layering climate policies over time, especially by adopting multiple policies at once. This suggests that climate policies are adopted in groups and simultaneously. Yet, it does not delve into the dynamics within such systems of policies. Thus, it is crucial to untangle the population of policies affecting the climate mitigation process and the modes of interaction between policies, as well as their effects.

Scholars propose different methodologies to delineate a system of policies and define its population. Ossenbrink et al. (2019) argue that the boundary of a policy mix depends on a conceptual choice of the researcher. Using this approach, a researcher delineates a mix according to the assemblage defined by policymakers (top-down) or the impact on the policy problem addressed (bottom-up) (ibid.). The top-down approach populates mixes with policies that policy-makers cluster together in policy plans or packages, whilst the bottom-up approach results in mixes of policies that have an impact on the specific issue. In environmental and climate research, however, most empirical studies align with a top-down or a top-down and bottom-up hybrid delineation and population of policy mixes (ibid.), with very few exceptions of studies employing a bottom-up approach (e.g., Schmidt and Sewerin, 2019). There are, however, calls to employ bottom-up approaches to unfold policy mixes and understand the policy-population addressing environmental issues (Sewerin, 2020). Scholars agree that there are empirical constraints in researching policy mixes due to the large-N of units of analysis when a policy mix is delineated from the bottom-up (ibid., Howlett and Del Rio, 2015). Hence, there is limited knowledge on policy mixes focusing on climate change mitigation that are populated also by policies that are not to via top-down or hybrid approaches climate policy mixes. This is a critical point to address. For example, social policies and industrial policies have an impact in how societies transform to mitigate the climate crisis (Meckling, 2021; Hirvilammi et al., 2023). These policies can impact CO2 emissions by promoting the training of workers in the renewable energy industry instead of the fossil fuel industry. Nevertheless, their lack or limited inclusion into top-down climate policy mixes by policymakers often results in excluding these policies from analysis. Policies impact mitigation regardless of how they are assembled by policymakers, yet limited research undertakes this epistemology of climate change mitigation (Harcourt, 2018). This has created a gap both in the conceptual and empirical literature.

Policies collectively exist and behave as a system, meaning they are more than the sum of policies. As such, they should be studied as part of a mix or policyscape rather than as single entities (Gunningham and Sinclair, 1999; del Río and Cerdá, 2017; Kern et al., 2019; Rosenbloom et al., 2020a). Researching systems of policies requires understanding the interplay amongst policies, which echoes network theories from complexity sciences (Pattberg and Widerberg, 2019; Leach, 2021). Importantly, the assessment of mixes or policyscapes is not the equivalent of merging the assessments of the policies comprising the system (Orsini et al., 2013; Capano and Howlett, 2020). Therefore, studying systems of policies calls the analysis of policy interactions. Whilst there are numerous studies progressing the conceptual understanding of mixes (Rogge and Reichardt, 2016; Schmidt and Sewerin, 2019), there is limited attention to the links and connections between policies (Bouma et al., 2019; Capano and Howlett, 2020). To understand how multiple policies co-exist and operate together in the process of climate change mitigation, it is crucial to investigate interplays between the policies as well. Overlooking this aspect poses the risk of assuming that a system of policies is equivalent to the sum of various policies. Untangling various links between policies allows us to paint a macro-picture of the institutional dynamics affecting the mitigation of the climate crisis.

To explore how policies are connected with each other, this study turns brings together the concepts of policy mixes and policyscapes (Gebara et al., 2019). Scholars in the environmental social sciences attend the study of policyscapes as a “composition of policies ‘in the mix’ [whose analysis is focused on] how they interact to mutually shape each other’s effectiveness in a landscape” (ibid., pg. 187). This concept allows to expand the study of policy mixes by focusing on interactions within a landscape addressed by a composition of policies. As such, researching a policyscape includes the analysis of a policy mix with an interaction-oriented lens, which remains understudied in the literature. Our study concerns the interactions between policies affecting climate change mitigation in the electricity generation space of the UK, which is the landscape under analysis. Thus, we will refer to the climate policyscape to represent the multiple policies co-existing in the same landscape and affecting climate change mitigation (Barton et al., 2013; SoRelle, 2016; Therville et al., 2020). In line with the policy mixes literature, a climate policyscape is defined from the bottom-up and populated by all the policies affecting the mitigation process in the electricity generation space. The dynamics occurring within a policyscape include also longitudinal connections between policies (ibid.; Ptak et al., 2023). By employing a historical overview of policyscapes, it is possible to capture an evolutionary macro-picture of the climate policyscape. This, however, remains understudied in the Earth system governance literature. Thus, it is important to explore the history of climate policyscapes, including how these policies interact with each other.



2.2 Overlap-interactions to untangle climate policyscapes

Elements of a system link with each other via a range of different modes of interaction (Meadows, 2008). Classic literature on the institutional analysis unpacks institutional interactions across the global climate and energy regime complex. Institutional interactions are defined by Sanderink & Nasiritousi (2020, p. 3) as “situations in which the policy processes, knowledge, norms, or functions of two or more institutions are connected”. Scholars have explored various channels through which institutions interact to develop different taxonomies of institutional interactions. Young (1996, 2002) argues that attention should be focused on the channels through which interactions emerge and evolve, e.g., via pursuing a common goal (political interactions) or by intersecting on the ground at the implementation stage (functional interactions). Stokke (2001) and Oberthür and Gehring (2006) build upon these and expand on further channels through which institutions connect. These studies highlight how the presence of a mode of interaction between two institutions does not mean that the same two institutions interact also via other channels. For example, two institutions can politically interact because they address the same goal in their official documents, but do not functionally interact at the impact level – or vice versa. Hence, it is important to unveil multiple ways through which institutions interact with each other, also when they are not part of a top-down assembled arrangement. This argument applies also to the study of policy interactions, as policies can connect with each other in different ways.

Research on interactions mostly considers global systems. A growing body of literature studies the climate-energy nexus and the Sustainable Development Goals (SDGs) by applying the concept of interactions (Nasiritousi et al., 2020; Sanderink, 2020; Zelli et al., 2020; Bogers et al., 2022; Coenen et al., 2022). Such interactions are identified by the degree of coherence between different elements of global socio-institutional systems. There is research assessing the interactions between SDGs (Tosun and Leininger, 2017), SDGs and Nationally Determined Contributions (NDCs) (Janetschek et al., 2019), and SDGs and Transnational Climate Initiatives (TCIs) (Coenen et al., 2022). Overall, the findings from these studies illustrate the high degree of interaction between the elements of global socio-institutional systems. Yet, interactions also occur at other scales. These have been analysed in the policy mixes and policy coherence literature, which however consider systems of policies mostly delineated with top-down approaches rather than bottom-up. An example is Milhorance et al. (2020b), who investigated the coordination between the various policies in the Brazilian climate change adaptation plan. The work by Trencher and van der Heijden (2019) takes a broader perspective and research interactions within the policy mix for energy efficiency at city-level. Their analysis focuses on the intent of policymakers in the interactions between policies. Whilst these studies enrich the policy interaction literature, they attend the interactions within top-down defined systems. This poses the risk of overlooking interactions between policies that affect climate change mitigation but are not part of an explicitly intended climate plan by policymakers. Thus, it is important to understand if and how policies interact with each other also in cases they are not intendedly designed to interact, interactions which Young calls overlaps (1996).

Notwithstanding the overarching strategic intent of policymakers, policies can overlap with each other by sharing or clashing in their on-the-ground applications. An overlap-interaction entails that two policies interact by addressing the same means, regardless of their objectives. Thus, the two policies interact with each other on the bases of the way instruments are applied to mitigate climate change in the electricity generation space, as per Capano and Howlett’s (2020) taxonomy of policy elements (Sewerin et al., 2022). The climate change mitigation field has done important research on the interactions between different national policies. Yet, these studies tend to focus on the interactions between two types of policy instruments rather than on the interactions in a system of several policies. For examples, scholars have considered how carbon pricing policies connect with innovation funding, renewable energy obligations, and other subsidies, amongst others (Braungardt et al., 2021). Other studies investigated the role of complementary policies to innovate (Pless, 2022). These, however, tend to focus solely on interactions between two policies. Therefore, it is relevant to expand this knowledge to explore the multiple interactions across a climate policyscape.

Overlap-interactions stem from both alignment and misalignment between two policy means as per their legislative texts. This approach allows us to analyse different ranges of (mis)alignment and study overlap-interactions in a climate policyscape. A climate policyscape includes a wide range of policies affecting climate change mitigation – from policies in support of the expansion of fossil fuels to those in support of decarbonisation (Green and Staffell, 2021; Peñasco et al., 2021). Therefore, there is possibility for overlap-interactions as policy alignment, and overlap-interactions as policy misalignment. Figure 1 illustrates different cases of (mis)alignment between policies. In this figure, policies A and B are policies whose means advance climate change mitigation, and C and D are policies whose means hinder climate change mitigation. When two policies supporting mitigation share their means they overlap (interaction 1 in Figure 1) and, similarly, when two policies impeding mitigation share their means, they also overlap (interaction 3 in Figure 1). Yet, when a policy in support of climate mitigation and a policy that hinders mitigation address the same issue but with an opposite mean, there is a policy clash (interaction 2 in Figure 1). A practical example would be the case of a policy aiming to place a carbon price on gas-fuelled electricity that co-exists with a policy providing financial subsidies to the gas industry. Against this backdrop, this paper conceptualises an overlap-interaction as two policies addressing the same energy source for electricity generation (either fossil fuel or renewable energy source) in their “policy mean,” in line with the policy design literature. In addressing the same energy source, the two policies either support or hinder the uptake of the source.

[image: Figure 1]

FIGURE 1
 Alignment and misalignment between policies.


Conceptualising overlap-interactions as modes of policy interactions echoes the concept of policy coherence (Howlett and Rayner, 2007). Policy coherence is understood as “the ability of multiple policy goals to co-exist with each other and with instrument norms in a logical fashion” (Howlett, 2019, p. 33). Accordingly, policy coherence engages with the presence of multiple policies towards achieving an impact, such as climate change mitigation. As overlap-interactions occur when policies have their means aligned, they potentially produce coherence across a climate policyscape. Coherence is an important metric in policy studies because it “enhance[s] synergies and reduce[s] conflicts between other interacting policy domains” (Nilsson et al., 2012, p. 395). As coherence requires alignment between policy means (Howlett and Rayner, 2007), it is critical to expand the study of coherence beyond top-down policy mixes and explore the degree of policy coherence across wider climate policyscapes (Kosow et al., 2022). This makes it possible to create a complete picture of the institutional structure affecting climate change mitigation.

To this end, to untangle the climate policyscape it is important to analyse the degree of policy coherence both advancing and hindering climate change mitigation. Yet, coherence between policies supporting mitigation is not equivalent to mitigation itself, and vice versa. Therefore, we do not evaluate the effects of coherence. Instead, we explore how coherent climate policyscapes are with reference to uptake of renewables, phase out of fossil fuels, or support of the fossil fuel industry. To do so, this study identifies the overlap-interactions between policies by employing a network lens, which we discuss in the following section.




3 Network theory for climate policyscapes

Analysing individual policies overlooks the complexity of climate change mitigation. There is burgeoning work that employs network theories to analyse Earth system governance by conceptualising socio-institutional structures as systems (Duit et al., 2010; Kim, 2013; Morin et al., 2017; Schlüter et al., 2023). It builds upon the argument that the architecture governing climate change mitigation is a complex (Macintosh and Wilkinson, 2016; Biermann and Kim, 2020; Kim, 2020; Leach, 2021). Within a complex system, institutions are autonomous elements that interact with each other, contributing to emergent behaviours with non-linear impacts on climate change mitigation (Ebbesson, 2010; Leach, 2021; Estrada, 2023). Policies are elements part of broader systems, such as climate policyscapes. Adopting a system perspective allows us to understand the relationships between policies and explore their interactions. Systems are composed of elements that interact with each other, which network theory conceptualises as nodes being connected with each other through links. Against this backdrop, framing this research with network theory allows us to untangle the complexity of climate policyscapes as systems composed of policies in interaction with each other (the nodes) via overlap-interactions (the links).

Network theory supports the study of complex systems by bringing attention to the relationships between its elements, to understand the role that each element plays within the system (Mitchell, 2006). The system is analysed as “an abstract structure capturing only the basics of connection patterns between its components” (Kim, 2013, p. 980). When network theory is applied to large-N studies, it captures the macro-picture of a system rather than delving into the processes behind the relationships between the system’s elements (Coupette et al., 2021). As such, an increasing and substantial number of scholars of environmental policy and law apply network theory to the study of the Earth system governance.

When studying a climate policyscape as a network, it is important to think of the components of the system as connected via links. Researchers propose a plethora of links that operate in the Earth system governance. For example, legal citations can be used as a proxy for the presence of an interaction between international agreements (Kim, 2013; Wernli et al., 2023). Taking this approach, Kim (2013) demonstrates the complexity of the multilateral environmental agreement system by analysing the institutional interconnections with the lens of network theory. At the national level, Fowler et al. (2007) uses citations between court cases in the US to evaluate the authority of previous decisions by the Supreme Court.

It is possible to identify links between policies using social network analysis (Paterson, 2019). This network approach calls for participatory methodologies (ibid.; Oostdijk et al., 2019). For example, Pittman and Armitage (2019) build a governance network through interviews with different actors in coastal ecosystems, demonstrating the fragmentation of the policyscape. Recent work by Milhorance et al. (2020a) undertakes a network analysis of top-down defined policy mixes to explore the level of coordination between different policies in Brazil’s National Adaptation Plan. They map the relationships between the different components of the system by assessing the interactions identified in policy documents and observed by local actors (Vallet et al., 2020).

These studies provide critical contribution to the application of network theory to Earth system governance. Yet, it is important that this body of literature identifies and evaluates policy interactions beyond plans and strategies. As demonstrated by the literature on climate policyscapes and policy coherence, policies do not exist in isolation. For example, recent work by Coenen et al. (2022) researches the interactions between climate actions and the Sustainable Development Goals with network analysis. The network is mapped by identifying co-occurrences between the system’s components. Secondary sources are important data for network analysis. For example, Mazzega (2021) highlight the potential of identifying linguistic and terminological linkages across spheres of Earth system governance. This helps understand the socio-institutional dynamics otherwise overlooked when systems are delineated in a top-down or hybrid manner. The application of network theory significantly furthers the understanding of Earth system governance, including policies and planning for climate change mitigation.

The study of climate policyscapes benefits from network theory. It allows to identify different modes of interlinkages between policies (Kim, 2013). As two policies can be connected with each other through a variety of channels, it is suitable to study the range of overlap-interactions that occur between policies, amongst other modes of policy interaction. This allows us to unpack the heterogeneity of climate policyscapes. By conceptualising climate policyscape as including a broad policy population, it is also possible to investigate whether there are clusters of policies that interact primarily between each other, rather than with other policies (Stuart, 2020). To do this, the policyscape is analysed to detect spaces where a number of policies are densely connected with each other, whilst being distant from the others. This is a crucial part of the study of policy mixes or policyscapes as it overcomes the risk of studying those systems as sum of different policies, rather than as a system (Meadows, 2008). As Orsini et al. (2013, p. 27) argues, “[a] system has properties that differ from those of its constitutive part.” Network theory and its methods offer a critical lens by fleshing out the relationships between policies to unveil the weight of the various elements in a climate policyscape. To this end, this research employs network theory by analysing climate policyscapes as systems composed of policies that interact with each other via overlap-interactions.



4 Data and methods

This study uses co-occurrences of fossil fuels and renewable energy technologies in legislative texts as proxies for the history of overlap-interactions across the UK climate policyscapes. To do this, we employ content and network analysis of 231 legislative policy texts. The combination of these two methods allows us to analyse qualitative data (the policy texts) and untangle their overlap-interactions, extracted from their policy means. This is a relevant mixed-methods approach because it uses text-as-data to unveil connections between elements of a system (an example of such application is Coenen et al., 2022). Against this backdrop, this methodological choice helps meet the objective of this paper. It does so by employing content analysis to populate climate policyscapes with legislative policies and identify overlap-interactions between these policies, whilst applying network analysis to unveil the pattern in how policies overlap-interact with each other.


4.1 Data collection

To populate climate policyscapes, we consulted the National Achieves of the UK and applied a search string designed to capture relevant legislation (The National Archives, 2024). We searched in the National Archives for legislative documents mentioning any of the following terms: “climate OR energ* OR electr* OR oil OR petroleum OR gas OR coal OR solar OR wind.” The National Archives has the most extensive collection of UK legislation, which allows us to browse relevant legislation for this study. The results were filtered to include results from 1956 to 2022. This choice was motivated by the aim of capturing broad climate policyscapes. Using a climate policy database for our data collection would have posed the risk of us overlooking legislation relevant to the mitigation process, such as the one in support of expanding the fossil fuel industry, as well as other supporting mitigation but not explicitly assembled in top-down climate policy mixes. To do so, we screened for any legislation mentioning “climate,” but also “energ*” and “electr*” to collect sectoral data relevant for this study. Adding fuels (“oil,” “petroleum,” “gas,” “coal”) and ready-to-deploy renewable energy technologies (“solar,” “wind”) allowed us to include key elements to halt CO2 emissions in the electricity generation space in the dataset. Some legislation regulates these elements affecting climate change mitigation without being a explicitly intended for mitigation. Moreover, this search string allows us to include legislation that hinders mitigation by maintaining or advancing the use of fossil fuels for electricity generation. Thus, this methodology allows to align with the bottom-up approach of defining a policy mix, to consequently populate a climate policyscape for electricity generation. The result of this search string included 9,108 legislative documents, which were screened to evaluate whether they had potential impact in the mitigation process.

This research was applied to the two main forms of legislation in the UK: primary legislation (UK Public Acts), and secondary legislation (UK Statutory Instruments) (The National Archives, 2023). The specifications restricted our data to the national governance level (the UK), rather than sub-national (devolved parliaments and local governments). The search string applied to the primary legislation gave 819 results, and the one to the secondary legislation gave 8,288 results. In case of secondary legislation, we included the legislation when it met one of the following criteria:

- Additional specification: the secondary legislation provides practical measures to the primary legislation that are not specific in the primary legislation in terms of fossil fuels and ready-to-deploy renewable energy technologies. An example is secondary legislation that updates the terms on CO2 savings for energy companies in electricity generation.

- Novel measures: the secondary legislation proposes novel legislation in terms of fossil fuels and ready-to-deploy renewable energy technologies. For example, it is secondary legislation that grants consent for building an offshore wind farm, or gas station.

The screening process undertook different considerations. We screened the results of our search to evaluate whether a piece of legislation belonged to the conceptualisation of climate policyscape developed for this study. For example, we came across legislation that addressed the administration of oil spills in high sea waters. Whilst they were relevant acts for environmental protection, they fell beyond the scope of the climate policyscape we built for this study, which focuses on electricity generation. Similarly, legislation to limit the right to protest is relevant in the study of climate change mitigation. We, however, excluded it as the scope of our study was to unfold legislation that directly speaks to fuels and technologies affecting climate change mitigation in the electricity space.

For legislation that has been amended over the years, we assessed whether the amendment was significant enough to create a new data-entry in the dataset. Our assessment of the significance of the amendment was based on to whether an amendment changed the rationale or objective or the involvement of fossil fuels and/or ready-to-deploy renewables in the legislation. Such amendments were also flagged in the legislative texts. If an amendment was not significant, the data-entry of a legislation remained one only. Yet, if the amendment was flagged as significant, we included it in the dataset.

Following these steps, the result included 231 pieces of legislation, which were organised into a novel dataset (Supplementary Appendix S1). These legislative documents were used as to the nodes within the networks of climate policyscapes.



4.2 Qualitative content analysis

We analysed the legislative documents with qualitative content analysis. The data was systematically unpacked by screening the content of the legislative pieces with the software NVivo. We coded legislative text referring to fuels or technologies that affect the process of climate change mitigation. The analysis followed a codebook developed to identify each act’s characteristics based on overlap-interactions (Supplementary Appendix S2). These included:

- Type of fossil fuel addressed by the legislation (general/unspecified fossil fuels, oil, gas, coal);

- How the fuel is addressed (halt the use of the fuel, maintain or expand the use of the fuel);

- Type of ready-to-deploy renewable energy technology addressed by the legislation (general/unspecified renewable energy technologies, solar PV, wind).4

An example of this coding practice can be found in the Supplementary Appendix S3.

We classified a policy depending on where it was positioned in the climate change mitigation spectrum (Figure 2).5 On the left-hand side of Figure 2, fossil policies are the ones we interpret as hindering climate change mitigation. They do so by addressing the maintenance or expansion of the fossil fuel industry and fossil fuel use in electricity generation either in the aims of legislative documents, or in the corpus of the text. Climate policies are on the right-hand side of Figure 2. They support mitigation by addressing the phase out of fossil fuels, energy efficiency and conservation from an electricity generation perspective, CO2 emission reduction, or the uptake of ready-to-deploy renewables. In case the legislation included both elements supporting and hindering mitigation, it was categorised as ambiguous policy (in the centre of Figure 2).
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FIGURE 2
 Spectrum of policies affecting climate change mitigation in the electricity generation space.


Having classified the policy population by type (climate, fossil, and ambiguous policy), we then categorised the policies according to the fossil fuel and/or renewable energy technology they address. This fuel/technology categorisation covers: (1) general fossil fuels, (2) coal, (3) gas, and (4) oil/petroleum, (5) general renewable energy technologies, (6) solar PV, (7) wind. In case a policy addresses more than one fuel and/or renewable, we classify the policy with multiple fuel/technology categories. This step allows us to unveil more granular aspect of the climate policyscape evolution between 1956 and 2022. We then ran descriptive statistics to present historical data and identify patterns in the temporal evolution of climate policyscapes.

Qualitative content analysis is an interpretative methodology, meaning it is susceptible to positionality bias (Lincoln and Guba, 1985). To address this, one author screened the legislative texts in two different rounds, 6 months apart. In doing so, they intended to triangulate the results. Throughout the first round of coding, they gained information on the climate policyscape that led to a more comprehensive picture of the policyscape itself by the end of the first coding round. Adding a second round of coding validated the initial understanding of climate policyscapes. In case of inconsistencies between the first and the second round, one author consulted secondary sources to increase their understanding of the policy. The few instances where this occurred related to fossil fuel taxation policies whose language in the legislative text was ambivalent, clarified by secondary sources. Undertaking two rounds of qualitative content analysis significantly increased reliability of the coding.

At this point, the data was coded and organised in a dataset serving as basis to identify overlap-interactions (links in the network) and to run a network analysis.



4.3 Identification of overlap-interactions

Overlap-interactions occur when two legislative documents address the same fuel or technology in their policy-means. To establish an overlap-interaction, we considered the whole legislative text, not only the explanatory memorandum. This methodology allowed us to include overlap-interactions between policies that would not be identified otherwise. Some texts – especially energy acts and financial acts – did not mention fuels and technologies in their aims, whilst they were regularly mentioned throughout other sections of their text. By screening whole legislative texts rather than focusing on the aims identified by the government who created the item, we gained a comprehensive picture of policies populating climate policyscapes and of their overlap-interactions that would otherwise have been overlooked. Against this backdrop, we employed an interpretative research approach in populating climate policyscapes and in identifying overlap-interactions.

We also surveyed which policies were adopted each year, which were their fuel and/or technology addressed in their “policy means,” and how these were targeted (i.e., supporting or limiting the uptake of that fuel and/or technology for electricity generation). When two pieces of legislation in the same year addressed the same mean(s),6 there was the empirical basis for an overlap-interaction. The type of overlap-interaction depended on whether two legislative pieces addressed the same mean(s) (see text footnote 7) in the same manner, i.e., towards CO2emission reduction or towards fossil fuels expansion. When the overlap-interaction is based upon addressing the same fuel or technology in support of mitigation, the overlap-interaction was coded as climate-symbiotic. When an overlap-interaction was based on addressing the same fuel or technology hindering mitigation, the overlap-interaction was coded as fossil-symbiotic. Therefore, overlap-interactions were un-directed links between legislative documents based on the co-occurrence of the same fuel and/or technology mean in two legislative texts.

We adopted a critical realist approach in our study of overlap-interactions by going beyond the scope of this binary coding to evaluate whether an overlap-interaction was beneficial or harmful to climate change mitigation (Geels, 2022). By identifying overlap-interactions we were able to discern the legislative structures of climate policyscapes, rather than evaluate its effects on the ground. The temporal lens of this study allowed us to identify overlap-interactions between policies that were co-existing in the same climate policyscape, even if their adoption timeline differed. Our objective was to assess the population of climate policyscapes and its temporal evolution from 1956 to 2022. Therefore, we did not research the politics of the overlap-interactions, e.g., explaining if an overlap-interaction is intended as policy feedback, or policy sequencing, etc.

Overlap-interactions correspond to the links in the network analysis. Kim (2013, p. 980) explains that network analysis “uncovers the underlying system architecture by reducing the system to an abstract structure capturing only the basics of connection patterns between its components”. Our study employs overlap-interactions as proxy for relationships between legislative documents. Identifying these overlap-interactions allowed us to untangle the complexity of climate policyscapes by abstracting a channel through which the different elements of policyscape-system interplay with each other. Therefore, identifying overlap-interactions was a fundamental methodological step to analyse the network structure of climate policyscapes.



4.4 Network analysis

Running a network analysis requires populating a system with nodes and identifying links between them. We used climate and fossil policies as nodes, and we did so by employing the respective legislative texts as population of climate policyscapes. Each year under analysis corresponded to one climate policyscape, which we populated with legislation in place that year. The links between the nodes corresponded to the overlap-interactions mentioned in the previous section (either climate-symbiotic or fossil-symbiotic). Having populated networks with nodes and identified the links between them, we analysed climate policyscapes as networks.

As an initial step towards a network analysis, we ran descriptive statistics to identify the historical evolution of climate policyscapes. First, we visualised how many policies were adopted and populated climate policyscapes from 1956 to 2022. We paid particular attention to the type of policies (climate, fossil, and ambiguous policies) and the means of these (different fuels and technologies addressed in the policy document). Second, we identified the years when the policy adoption peaked and delved into the policyscape details of these years. Specifically, we explored the presence of possible patterns in how policies interact with each other. We did so by studying frequency of overlap-interactions between climate, fossil, and ambiguous policies. These two steps allowed us to gain a macro-picture of the population of climate policyscapes and its dynamics.

Our network analysis considered the three types of nodes outlined in section 4.2: climate, fossil, and ambiguous policies. These were linked with each other through the overlap-interactions identified in the qualitative content analysis. The links were either climate-symbiotic or fossil-symbiotic overlap-interaction. To gain a deeper understanding of the diversity populating climate policyscapes, we compared different reconfigurations of the same climate policyscape. First, we considered only climate-symbiotic overlap-interaction in the 2022 climate policyscape. Second, we ran a network analysis that fleshed out only fossil-symbiotic overlap-interactions in the same climate policyscape. Third, we analysed the climate policyscape of 2022 with both climate-and fossil-symbiotic overlap-interactions. By running comparative exercises, we gained further insights into the plethora of dynamics within a climate policyscape.

We constructed and visualised the networks with the software R and Gephi, which provided visual and statistical insights. Measures of average degree, density, and modularity allowed us to untangle how the nodes behave within the network. We ran these in order to compare how climate and fossil policies behaved within the 2022 climate policyscape. Our qualitative content analysis did not apply metrics to the legislative texts, instead it classified them as climate, fossil, or ambiguous policies. As that analysis provided the nodes to the network analysis, the nodes were unweighted. Therefore, we removed the tie weights, and we analysed an unweighted network. As mentioned above, our network was undirected as the links under analysis stemmed from the co-occurrence of the same means rather than from a cause-effect relationship.




5 Results

Having presented our methodology, we now offer insights into the findings from the various analyses we ran. First, we show the results from descriptive statistics of the population of the climate policyscapes from 1956 to 2022. Second, we detail patterns of overlap-interactions between legislative documents over time. Finally, we illustrate the results from the network analysis of the 2022 climate policyscape.


5.1 Climate policyscapes: evolution of the population

The first results we present regard the composition of climate policyscapes and their evolution over the years. We find that the population of climate policyscapes has diversified over the years. In terms of fossil policies (Figure 3), policies in support of the oil industry have dominated the policyscape. Policies supporting the use of coal for electricity generation expanded in the 1970s and 1980s, whilst those favouring gas-generated electricity grew rapidly in the 1990s. Since the early 2010s, the adoption of policies hindering the deployment of ready-to-deploy renewables have started to populate climate policyscapes.
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FIGURE 3
 Evolution of fossil policies in the UK climate policyscape. Source: own analysis.


The composition of the UK climate policyscape is diversified across policies in support of the process of climate change mitigation (Figure 4). Policies phasing out fossil fuels and, specifically, oil expansion have been growing significantly in the climate policyscapes over the decades. Since the 1990s, there was a tendency for governments to adopt policies hindering the gas industry amongst the various fossil fuel industries. As expected, since the year 2000, (the year of adoption of the Climate Change Act, Bulkeley, 2015), the policy landscape has been increasingly populated with policies aiming to uptake ready-to-deploy renewables. Wind energy technologies have been the most targeted form of renewable energy in the climate policyscapes since the mid-2010s.

[image: Figure 4]

FIGURE 4
 Evolution of climate policies in the UK climate policyscape. Source: own analysis.


Comparing the historical population of climate policyscapes shows that policies supporting mitigation and policies hindering mitigation now equally compose the policyscape (Figure 5). Three patterns are evident. First, fossil policies have been steadily adopted up to 2022. Second, climate policies have had an exponential growth that allowed them to equally compose the climate policyscape. Indeed, in 2010 the number of climate policies in the policyscape was higher than the one of fossil policies. This proportion has been maintained since then. Finally, the number of policies carrying mixed messages about mitigation, i.e., ambiguous policies, has been increasing since the mid-2000s. The qualitative content analysis highlights that such legislation tends to be Financial Acts or Energy Acts, which foster the fossil fuel industries whilst providing support to deploy renewables for electricity generation.
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FIGURE 5
 Historical evolution of climate policyscape comparing the cumulative number of climate, fossil, and ambiguous policies. Source: own analysis.


Comparing the adoption of new fossil policies with the adoption of new climate policies highlights two points. On the one hand, fossil policies have had more steady numbers in terms of policy adoption (Figure 6). On the other hand, climate policies tend to be adopted in specific moments (Figure 7). After 2008, there was a growth of adopted legislative documents supporting climate change mitigation, as expected from the Climate Change Act. For example, in 2013 the climate policy population was 70, whereas in 2014 of 85. These are significant increases in the population of a climate policyscape and, overall, we can observe that the population of climate policies steeply increases in 2004, 2008, 2014, and 2016. This suggests that a policy plan or package addressing mitigation was adopted in that year, which is reflected in the adoption of multiple legislation.
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FIGURE 6
 Fossil policies: newly adopted and cumulative population in the climate policyscapes 1956–2022. Source: own analysis.


[image: Figure 7]

FIGURE 7
 Climate policies: newly adopted and cumulative population in the climate policyscapes 1956–2022. Source: own analysis.


The data results presented in this section serve as basis to identify the nodes of the 2022 climate policyscape (5.3).



5.2 Climate policyscapes: overlap-interactions

Having presented our findings in terms of climate policyscapes population, we now describe the trends concerning overlap-interactions between policies. We observe the policyscape dynamics in the years with highest climate policy adoption, as these years altered the equilibrium of the climate policyscapes. In the year 2000, the UK adopted the Climate Change Program, which drove the adoption of climate policy in the following years. It is noticeable that 2004 was the first year when the policyscape was composed by more than one third by climate policies. We note that in 2008 and 2014 the rate of adoption of fossil policies relatively reduced, whilst the rate of climate policy adoption steeply increased.

In 2016 was the year the policyscape was composed of more climate policies than fossil ones. As the Paris Agreement was negotiated in 2015, this observation suggests that global contextual factors are correlated with the proportion of climate and fossil policy adoption. The Paris Agreement, which the UK signed and ratified, requires that the parties commit to climate actions by submitting climate national plans, i.e., the Nationally Determined Contributions (NDCs). Whilst the is critique on the role that NDCs have in halting the climate crisis, scholars observe a global increase in climate policy adoption post-Paris Agreement (Nachmany and Mangan, 2018; Roelfsema et al., 2020). This is the case also for the UK. To provide a context prior to the Climate Change Program (2000), we supplemented this analysis by also including the year 1990 in our descriptive statistics of climate-symbiotic and fossil-symbiotic overlap-interactions. We choose 1990 based on our observation that it is another example of a year when climate policies have a steep adoption rate. Nevertheless, fossil policies remain dominant in the climate policyscape of that year. We conclude this descriptive analysis with the case of climate-symbiotic and fossil-symbiotic overlap-interactions in 2022 (Table 1).



TABLE 1 Number of policy overlap-interactions in climate policyscapes by fuel and technology in selected years.
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It is striking that the highest number of fossil-symbiotic overlap-interactions falls in the scope of the oil industry. It is worth noting that gas-fuelled electricity also gained a considerable number of fossil-symbiotic overlap-interactions over the years, while fossil-symbiotic overlap-interactions for coal remain steady. Climate-symbiotic interactions are more diversified in their patterns. Climate-symbiotic overlap-interactions hindering the adoption of oil-fuelled electricity and targeting the emission reduction for electricity generation are widely present. It is also notable that the number of climate-symbiotic overlap-interactions for offshore wind uptake rose steeply over the years.

Having painted a general descriptive macro-picture of climate policyscapes from 1956 to 2022, we turned our attention to the dynamics within the current climate policyscape. Legislative documents and overlap-interactions serve, respectively, as nodes and links in the subsequent network analysis.



5.3 Network analysis of the 2022 climate policyscape

As discussed in section 4.4, we undertook three network analyses of the 2022 climate policyscape. Initially we analyse the network of climate-symbiotic overlap-interactions and fossil-symbiotic overlap-interactions in the climate policyscape. This allowed us to compare how diverse types of interlinkages behave within a network populated by the same nodes. We then ran a network analysis of the whole climate policyscape to untangle the dynamics of every overlap-interaction. The climate policyscape of 2022 is populated with 213 legislative documents (the nodes). They are connected by 1933 links in case of climate-symbiotic overlap-interactions and 1,350 in case of fossil-symbiotic ones.

We ran network analysis for two networks: (1) the network of climate-symbiotic overlap-interactions and fossil-symbiotic overlap-interactions. We conducted descriptive statistics of the two networks (Table 2). Our first finding of note is that the average degree of overlap-interactions in a climate-symbiotic network is higher than in the fossil-symbiotic network. This metric means that each node in the climate-symbiotic network has more links than in the fossil-symbiotic one. This finding can be explained by the content analysis of the legislative documents, which shows that legislation supporting mitigation tends to have a broader range of means. Legislation hindering mitigation, instead, either addresses a group of fossil fuels or prevents the uptake of wind energy technologies. Our second key finding was that climate-symbiotic overlap interactions have higher degrees of density than fossil-symbiotic overlap-interactions. The graph density (meaning, the number of links that exist in comparison to how many links are possible) of the climate-symbiotic network was 0.086, as compared to the 0.06 for the fossil-symbiotic network. This shows that the nodes part of climate-symbiotic overlap-interactions interact more with each other than the nodes part of fossil-symbiotic overlap-interactions. The degree of density, overall, is high for both types of overlap-interactions. We expected this result because the nodes are cohesive by design. The climate policyscape is populated with legislative documents mentioning technologies or fuels relevant to climate change mitigation. The overlap-interactions are between nodes addressing such technologies and fuels. Within this network, we detect links stemming from overlap-interactions between legislation that address the same technologies or fuels. Thus, the high degree of density is justifiable by how the network was built. Finally, climate-symbiotic overlap-interactions present higher rates of modularity compared to fossil-symbiotic overlap-interactions. This suggests that the former have denser connections between the nodes within their cluster in comparison to the ones in the fossil-symbiotic space. Fossil-symbiotic overlap-interactions, however, have a positive value in their modularity score, meaning that the nodes in these interlinkages also behave in groups within the climate policyscape, yet not at the same extent amongst climate-symbiotic overlap-interactions.



TABLE 2 Descriptive statistics of network analyses of climate-symbiotic and fossil-symbiotic overlap-interactions in the UK climate policyscape of 2022.
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We then conduct network analysis of the complete climate policyscape of 2022 and conduct descriptive statistics of this network (Table 3). We observe a significant increase in modularity. This points towards a significant rate of overlap-interactions between clustered policies. Nodes part of climate-symbiotic overlap-interactions tend to behave in a group, similarly fossil-symbiotic overlap-interactions. This finding indicates that nodes connected via climate-symbiotic and fossil-symbiotic overlap-interactions operate in groups by forming clusters.



TABLE 3 Descriptive statistics of a network analysis of the UK climate policyscape of 2022.
[image: Table3]




6 Discussion

Our study highlights the incoherence of UK climate policyscapes. We show that policies hindering mitigation are highly represented in climate policyscape, yet their dynamics differ from policies supporting mitigation. Against this backdrop, expanding the conceptual understanding of climate policyscapes is a promising avenue to explore the complex policy system affecting climate change mitigation.


6.1 Legislation hindering climate change mitigation, another picture of climate policyscapes?

Including fossil policies in climate policyscapes offers a novel perspective on the governance of climate change mitigation. It expands the macro-picture of the policy population affecting mitigation. Studies on policy mixes have so far taken a top-down or hybrid approach to the assessment of policy plans for renewables uptake. When fossil policies are included in the picture, we can see that they occupy a large space in the climate policyscape. Hence, the level of incoherence within the policyscape increases significantly. This poses questions on how to assess the characteristics of large-N studies of policy mixes that have been proposed in the literature, especially coherence and consistency.

We have shown that the top-down delineation of policy mixes hides the incoherence in climate policyscapes. This means that the investigation of climate policyscapes requires critical reflection: firstly, on how the policyscape or policy mix is populated; and secondly, on the variety of the policy population under analysis. When looking only at policies that have been developed as part of the same plan or strategy, we are likely to see a high degree of coherency and consistency as they are planned to operate together towards a common objective. On the contrary, if we expand the mix with policies that affect the same policy mean but are not planned to work together, we see higher rates of incoherence and inconsistency (Kosow et al., 2022). The outcomes of this type of analysis are largely dependent on the way that the researcher assembles the policy system and the delineation they place on an issue, such as climate change mitigation.

The governance of climate change mitigation is fragmented across different policy domains (Biermann and Kim, 2020). When the governance of climate change mitigation is conceptualised across all the relevant institutions, there is a lower likelihood of coordination. The policies adopted by different institutions are likely to carry different messages, unless there is a top-down attempt to create coherence across the policyscape. As a consequence, policy mixes delineated by top-down approaches tend to be biased towards finding coherence, whereas bottom-up mixes tend to signal how (un)coordinated different institutions are when addressing issues such as climate change mitigation (Sianes, 2017; Kosow et al., 2022). Focusing on top-down mixes carries the risk of evaluating them as coherent without acknowledging that they are so by design. Thus, engaging with large-N studies of policies affecting climate change mitigation allows us to unveil antithetical policy arrangements that would have otherwise been overlooked by solely focusing on top-down defined climate policy mixes. Empirically challenging (Howlett and Del Rio, 2015; Sewerin, 2020), large-N studies of policies require the pursuit of text-as-data methods. These provide the methodological tools to systematically analyse extended systems of policies and unfold the dynamics within them (Taeihagh, 2017; Biesbroek et al., 2022; Dugoua et al., 2022; Goyal et al., 2022; Sewerin et al., 2023; Adipudi and Kim, 2024).

In practice, climate policyscapes are not simply a collection of climate, fossil, and ambiguous policies. They are also reflective of the ambiguous means present in individual policies. Individual policies often convey a multitude of messages at once, especially overarching policies. Energy Acts and Financial Acts are clear examples of ambiguous policies that pursue incoherent mitigation messages. They simultaneously create tax breaks for the fossil fuel industry whilst adopting a carbon price to limit the use of fossil fuels. Incoherence is embedded within such policies.

The policy means of Energy Acts and Financial Acts carry messages to a diverse range of actors with various interests. This is also true of other overarching policies such as industrial and trade policies. In order to capture and dissect the policy messages hindering mitigation, it is critical that researchers expand the pool of policies under analysis. Otherwise, there is a risk of excluding policies affecting mitigation, and considering ambiguous policies “climate” ones, whilst they foster the fossil fuel industry.

Our study shows that, although climate policies are highly interactive and operate as a cluster, the climate policyscape is similarly populated with interacting fossil policies. We contend that researching antithetical messages in individual, overarching policies demonstrates further layers of mitigation incoherence. We encourage further studies in policy areas not explicitly labelled as “climate policies” by policymakers. This helps evaluate the (in)coherence of climate policyscapes in high emitting jurisdictions.



6.2 Insights from a historical analysis of climate policyscapes

Engaging with climate policyscapes highlights that policies for climate change mitigation exceed the first climate laws of the early 2000s. As mentioned in previous sections, we expected to observe higher rates of fossil policy adoption from the 1950s to the 1980s in comparison with the adoption of climate policies. This is reflected in how the climate policyscapes populated in these timeframes as these were the decades when the fossil fuel industry further established itself in the UK and worldwide. During this period, the fossil fuel industry gained status and the scientific community provided considerable evidence of the socio-ecological harm caused by burning fossil fuels. Nevertheless, the adoption of the Clean Air Act in 1956 shows that there were environmental concerns in the UK policy space, as the Act aimed to reduce air pollution caused by burning fuels. By comparing how a fossil timeline runs next to a climate one, we are able to see that the climate and fossil policies evolved at different rates.

A pivotal moment for climate action was in the year 2000, when the Climate Change Program was adopted (Bulkeley, 2015). Since then, we observed a rapid escalation in climate policy adoption driven by knowledge advances and the increased attention to the climate crisis globally. We also noticed that climate policies tend to be adopted in “chunks,” i.e., several climate policies adopted at once (Rai, 2020). Climate mitigation is a multifaceted process, which requires encompassing societal transformations. Institutions intend to translate these into different legislative measures, also in light of the increasing degree of bureaucratisation of climate action. Policymakers tend to plan climate policy packages rather than constantly adopting climate policies. This tendency shows a less consistent policy adoption pattern.

There has also been a steady adoption of fossil policies, even when concerns on climate change mitigation entered the UK policy space. Currently, there is a dominant presence of fossil policies supporting oil and gas. The coal industry phased out in the UK in the 1990s, in parallel to when the supply of gas for electricity generation was privatised, i.e., the dash for gas (Winskel, 2002; Carter, 2014; Somerville, 2021). The evolution of climate policyscapes sees how fossil policies for gas overcame fossil policies for coal.

We see that the policy adoption of fossil policies has been running in parallel to the one of climate policies, suggesting that their evolution was independent from one another. Potential reasons for this difference are that: (1) the adoption of climate policies is more publicised and contested than the one of fossil policies and (2) that climate policies tend to be adopted collectively as part of plans or strategies (Paterson et al., 2023; Patterson, 2023). Policies in support of fossil fuels aim to maintain a socio-economic status quo, whereas policies for climate change mitigation aim to disrupt a system whilst transitioning to another. Climate policies operate in groups requiring simultaneous adoption as transitions stem from diverse actions pursued in parallel or in sequence (Rosenbloom et al., 2020a). Therefore, the required policy action to mitigate the climate crisis is substantially different from the one to maintain the fossil fuel industry. Delving into such details is a key part of the exploration of how policyscapes are populated via institutional inertia (i.e., policies are adopted but are not of reference anymore) or if there are legacy policies that add further layers of policies to the climate policyscape.

Our network analysis suggests that the climate and fossil policies operate in clusters within the current policyscape, which evolved independently. Moving beyond policies explicitly intended by policymakers as climate policies leads to questions about how parallel histories of climate change mitigation are presented. Our study highlights that there are contradictory messages across different policy spaces that have persisted over time. These insights would be overlooked by focusing only on top-down policy mixes rather than taking a bottom-up approach using climate policyscapes. Not acknowledging the different policy rhythms in a policyscape risks creating a homogenous understanding of how climate policyscapes evolve and of insufficiently addressing the fossil policy space, which builds upon a steady policy adoption process.



6.3 Overlap-interactions: clusters and sparseness

Employing network analysis allows us to untangle climate policyscape dynamics that otherwise would remain overlooked. We see promising avenues in applying this method to the study of climate laws and policies. The number of links between fossil policies in the climate policyscape is slightly less than between climate policies. To enrich our understanding of dynamics within the climate policyscape beyond descriptive statistics, we need to measure how clustered overlap-interactions are. Policies supporting mitigation are more interconnected with each other within their cluster, in comparison to policies hindering mitigation. This indicates that policies for climate change mitigation tend to behave as a group.

A higher degree of modularity suggests that the repeal of one climate policy has a stronger impact to the dynamics across the cluster of climate policies in comparison to repealing one fossil policies. As climate policies are generally planned and adopted in clusters, repealing one policy has a heavy weight on the group dynamics. Climate change mitigation requires societal transformations that are not achievable with a silver bullet policy. Therefore, multiple policies need to be adopted and operate together to decarbonise societies. What could appear as a fragmented policy picture tends to be a planned policy portfolio designed by policymakers. This is exemplified in the means mentioned in legislative texts, which are designed to interplay with each other. Controversially, fossil policies are adopted to maintain a socio-institutional structure that has been in place for a longer period. Therefore, the policy adoption process intends to layer fossil policies rather than stirring policy change. This means that the behaviour of fossil policies differs from the one of climate policies, whose role in the climate policyscape is to transform a system.

Overall, our findings show that limiting the analysis of policyscapes or mixes to their policy density leads to an analytical omission. Climate-symbiotic overlap-interactions and fossil-symbiotic overlap-interactions differ in their dynamics, as demonstrated by the modularity in the networks. Our study suggests that climate policyscapes are populated with several modes of overlap-interactions. Our analysis builds on content analysis of legislative texts, assuming overlap-interactions are homogenous.



6.4 Limitations

This study has five limitations that we intend to highlight. First, our conceptualisation and analysis are built around mentions in legislative texts of fuels and/or technologies with an impact on the mitigation process. As a consequence, we are omitting policies that do not mention these factors but have a role in mitigating the climate crisis regardless. We encourage further studies that build climate policyscapes also with policies affecting mitigation without addressing fossil fuels, renewables, or CO2 emissions to unveil the various layers of policy structures affecting climate change mitigation. Employing text-as-data methods are encouraged to replicate such large-N study (Dugoua et al., 2022; Sewerin et al., 2023).

Second, being a large-N study, we did not delve into the details of each node (i.e., legislative document) and each link (i.e., overlap-interaction). For example, we did not evaluate the level of stringency of each policy, nor if overlap-interactions lead to policy change or maintain policy stagnation. Our analysis did not explore the differences between each node and each link beyond the classification employed for the network analysis. We recommend further work exploring metrics to fully evaluate legislative documents and overlap-interactions populating climate policyscapes. For example, further research should distinguish between intentional and unintentional overlap-interactions to discern the extent to which they result from planned overlap-interactions. This would allow us to gain comprehensive pictures of the diverse dynamics between policies affecting climate change mitigation.

Third, our analysis was based on an unweighted and undirected network analysis. Therefore, we did not discern which policies are the source of the overlap-interaction and which ones are the targets. Directionality can stem from a range of factors (Kim, 2013). Building weighted and directed networks would enrich the analysis by further unpacking how overlap-interactions are orchestrated.

Fourth, we did not evaluate the effects of the overlap-interactions on mitigation. By adopting a critical realist ontology, we did not assume that a climate-symbiotic certainly results in mitigation. Further studies should explore the effects of overlap-interactions on a range of effects, e.g., uptake of technologies, change in the energy matrix for electricity generation, social justice, and fairness in the costs of decarbonised electricity, etc. This would allow us to understand how diverse overlap-interactions impact the process of mitigation via sustainable transformations.

Finally, coherence is generally considered either a value-free or a positive condition in a policy mix. This leads to calls for policy coherence to enhance a recent space in the climate policyscape. Critical social science scholars, however, underline that coherence tends to reproduce current institutional practices and structures (Sianes, 2017; Yunita et al., 2022). Societal transformations to halt climate change require significant changes in climate policyscapes to facilitate the uptake of ready-to-deploy renewable energy technologies (e.g., solar PV, offshore and onshore wind) and the phase out of fossil fuels (Bernstein and Hoffmann, 2019). This requires policy dismantling to disrupt older and more robust policy portfolios that allow for the expansion of fossil fuels. Against this backdrop, future research should consider the analysis of modes of overlap-interactions not based on policy coherence.




7 Conclusion

Our study shows that the policy system affecting climate change mitigation in the electricity generation space is heavily populated with policies hindering mitigation. These policies have been steadily adopted since the 1950s, whereas policies to mitigate the climate crisis have been adopted more irregularly and in clusters. This highlights systemic issues in the UK climate policycape. Policies in support of fossil fuels are deeply embedded in the policy landscape, as they have been layering and sequencing each other for a longer time than policies for climate change mitigation. This means that the governance of climate change mitigation requires disrupting policy foundations that are supporting fossil fuel production and consumption, as well as the adoption of policies to strengthen policies supporting decarbonisation, including renewable energy policies.

Climate policyscapes are incoherent systems where policies explicitly adopted for climate change mitigation co-exist with policies supporting the fossil fuel industry, preventing deep societal decarbonisation. As a consequence, climate policy research focusing solely on top-down or hybrid assembled climate policy mixes provides a skewed picture. Studies of policy systems (including policy mixes) must adopt bottom-up approaches, not to overlook impactful measures because of the how they are labelled in public policy spaces by policymakers. Against this backdrop, policy integration literature can benefit from expanding climate policy mixes studies, in order to include measures from different policy areas and yet affecting the same issue (Nilsson et al., 2012; Runhaar et al., 2020). This would help move beyond the explicit intent of policymakers in defining “climate policies” and place the climate crisis at the centre of such studies.

Employing network analysis allowed us to identify overlaps-interactions between policies in the 2022 climate policyscape. We observed that the climate-symbiotic overlap-interactions differ from fossil-symbiotic ones. They do so by behaving as a group within their cluster, in contrast to fossil policies. This echoes our concern that policy mixes studies require further attention to the interactions between policies, rather than assessing a mix as the sum of different policies. This tendency runs to the contrary objective of studying mixes, which is to appreciate the dynamics between different components. Network theory and adjacent methods help reveal the multiple levels of interactions between policies and appreciate the population heterogeneity in systems of policies.

In conclusion, we observe an incoherent picture of climate policyscapes, both historically and currently. To advance climate action institutional inertia must be overcome by dismantling policy structures in support of the fossil fuel industry, whilst halting further adoption of such policies. Further research is crucial to capture the broad picture of climate policyscapes and demonstrate the degrees of incoherence present outside of top-down assembled policy plans.
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Footnotes

1   Models show that it is possible to halt CO2 emission and mitigate the climate crisis by adopting ready-to-deploy renewable energy technologies and phasing out fossil fuels. Scholars argue that geoengineering and carbon removal technologies significantly pose the risk of mitigation deterrence (Zickfeld et al., 2023; Brad et al., 2024). Accordingly, this study focuses on ready-to-deploy technologies (Allwood et al., 2019).

2   Rather than employing the term “environmental governance,” this study follows Biermann’s argument that “Earth system governance” allows us to overcome the dichotomy of humans vs. nature, to instead focus on socio-ecological dynamics (Biermann, 2021). Against this backdrop, we refer to Earth system governance.

3   In the UK electricity generation has historically been highly centralised because of the high bureaucratisation of the sector (Valenzuela and Rhys, 2022; Pearson and Watson, 2023). The behaviour of these actors is affected by the adopted legislation, which intend to place regulatory pressure and affect how electricity is generated – including in terms of which fuel is used, consequently impacting the emission of CO2. Thus, the electricity space is populated with a wide array of dispersed, yet intricate policies. To this end, studying such cases bridges the above-mentioned theoretical and methodological relevance with empirical significance necessary to advance climate change mitigation.

4   As mentioned at footnote 1, this study builds upon the epistemology that mitigating the climate crisis is possible with technologies already present. Moreover, this study focuses on the electricity generation space. As such, we consider only technologies pertinent to the generation and supply of electricity (i.e., transportation policies, policies for energy demand, etc. are not included in the study). Yet, we acknowledge that societal transformations for climate change mitigation require a set of policies beyond the scope of fuels and technologies for electricity generation.

5   Policies aiming at climate change mitigation via geoengineering and carbon removal are included in climate policyscapes, however they are categorised as ambiguous policies. This is because they intend to mitigate the climate crisis with technologies that are not ready for deployment and which allow the presence of fossil fuels for electricity generation. Hence, they provide a mixed signal to the process of climate change mitigation (Brad et al., 2024).

6   In case a legislative document refers to more than one source for electricity generation, each one is coded and offers the basis for an overlap-interaction with other legislation.
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