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three aspects of local government sustainability action: planning, capabilities, and performance.
Using a national survey of local sustainability practice and nearly five decades of historical
manufacturing employment data in the U.S., we find local communities with more substantial
swings in manufacturing jobs to be less likely to engage in sustainability planning, cultivate
sustainability-related capabilities, and make progress towards meeting sustainability-related ob-
jectives, underscoring the potential challenges associated with top-down programs and the
importance of decentralized solutions.

1. Introduction

In an effort to forestall catastrophic warming, COP26 emphasized near-term emissions reductions in addition to longer-term net-
zero trajectories (Kyte, 2021). Top-down, nationally-driven solutions remain challenging, however, given pervasive domestic partisan
gridlock, constrained finances, and lack of technological expertise (Hsueh, 2020). At the same time, non-state and subnational actors
across the globe (e.g. businesses, nonprofits, and local and regional communities and governments) have emerged as possible alterative
and complementary venues for climate action (Hale et al., 2021). Following the withdrawal of the U.S. from the Paris Agreement
during the Trump Administration, for instance, business- and nonprofit-led initiatives such as We Are Still In and America’s Pledge
sought to uphold U.S. commitments through mobilization of sub-national and private sector actors (Ba, 2022a; Hsu et al., 2019).

Local government actions are of particular importance to meeting global climate targets. Globally, cities are a substantial
contributor to climate change, and likewise represent a critical solution set to the climate crisis (Colau, 2021; Kennedy et al., 2009;
Sethi et al., 2020). In their survey of mitigation efforts undertaken by cities, Sethi et al., (2020) specifically find “rich evidence of
techno-policy choices that together enlarge the urban solutions space and augment actions currently considered in global assessments
of climate mitigation”. For their part, Wei et al., (2021) observe emissions reductions in sampled U.S. cities, but note that the
magnitude of reductions are influenced by broader transitions from coal to natural gas power and the offshoring of polluting industry,
reinforcing the need for further empirical work to understand the true contributions of local climate efforts (Hsu et al., 2019).

Questions however remain as to the motivations for local environmental action in the first place. While climate mitigation has
taken precedence in global and national policy dialogues in recent years, it is but one of several environmental, social, and economic
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challenges that can collectively be categorized under the umbrella of sustainability. In this respect, much can be learned from the
expansive literature on sustainability transitions on how and why a given community might choose to embark on environmental and
sustainability efforts. Scholars of sustainability transitions have, for example, studied factors such as political context, economic
conditions, management strategies, institutional characteristics, and demographic attributes (e.g., Deslatte and Stokan, 2020; Kousky
and Schneider, 2003; Yi et al., 2017; Narassimhan and Johnson, 2018) as well as performance assessment and evaluation (e.g., Hsu
et al., 2020; Roelfsema et al., 2018), among others. Though such research has been informative as to the factors associated with
sustainability action at the local level, an important dimension often neglected is the influence of otherwise-unobservable historical or
long-term transitions (see Lockwood et al., 2016; Kuzemko et al., 2016). In practice, sustainability action can be hampered or eased by
dominant institutions (Galik and Chelbi, 2021). For instance, connections may in fact exist between long-term manufacturing volatility
and local contemporary sustainability commitments (Ba and Galik, 2022), reinforcing the links between labor availability, cultural
identity, and sustainability programming in a given place (e.g., Penrod, 2021).

Here, we seek to evaluate the influence of long-term transitions in the realm of subnational sustainability action. Specifically, we
examine the relationship between present-day local sustainability practices and performance and historical industrial transitions,
defined here as the change in the percentage of manufacturing jobs in a given locality over time. In doing so, we construct two key
aspects of historical industrial transitions—direction and magnitude—along with three important aspects depicting local govern-
ments’ sustainability action: planning, capabilities (both general-purpose and specialized), and performance. While these aspects may
not fully characterize the complexity of historical industrial transitions and local governments’ sustainability action, they nevertheless
capture the essence of sustainability transitions and have been widely used in pertinent studies (see Hess, 2014; Deslatte and Stokan,
2020; Kern and Rogge, 2016).

In particular, we ask two questions: (1) if and to what extent do historical industrial transitions relate to local governments’
sustainability planning, capabilities, and performance; and (2) after accounting for potential influence of historical industrial tran-
sitions, if and to what extent do efforts devoted to planning and capacity building relate to local governments’ present-day sustain-
ability performance. We address these questions using a recursive path model with bootstrapped standard errors as well as data from
numerous sources including historical regional economic accounts data (1969-2016) and a national survey of local sustainability
practice in the U.S. This is, to our knowledge, the first empirical analysis of the connections between historical industrial transitions
and local governments’ present-day sustainability practices and performance. Our study advances debates on paces of sustainability
transitions and overall success (see Kern and Rogge, 2016) and provides implications for scholars, practitioners, and policymakers
working on developing and facilitating subnational sustainability solutions.

2. A local government perspective on sustainability transitions

Sustainability as a concept has myriad and contextually dependent interpretations. A commonly referenced conceptualization of
‘sustainability’ employs three fundamental ‘pillars’~environmental quality, economic prosperity, and social equity (Purvis et al.,
2019). A finer-grained understanding of sustainability connects to the ideas of sustainable development, which is broadly defined as
‘meeting the needs of the present without compromising the ability of future generations to meet their own needs’ (UN, 1987). In
practice, sustainability challenges tend to be multi-domain (e.g., energy and technology) and extend across sectoral, geographical, and
political boundaries (Kohler et al., 2019). The expansive scope and depth of these challenges implies that transitioning towards
sustainability entails a long-term, society-wide fundamental transformation of existing modes of production and consumption
(Markard et al., 2012).

Research on sustainability transitions seeks to conceptualize, explain, evaluate, and facilitate changes towards a more sustainable
economy and society (Kohler et al., 2019). The focal unit of analysis has been situated at the ‘meso’-level, delineating socio-technical
system reconfigurations that deviate from established structures and practices (Magnusson & Werner, 2022). A major line of inquiry
centers on interventions and transitions governance (see e.g., Bolton and Hannon, 2016; Nieminen et al., 2021; Vol and Bornemann,
2011), proposing an instrumental, practice-oriented approach to influencing transition pathways. In particular, this line of research (i.
e., governing transitions) is premised on the idea that existing societal functions are complex, adaptive systems that interact with and
can be influenced by institutions (Fuenfschilling and Truffer, 2016; Markard et al., 2012). An important characteristic of research on
governing transitions is that it highlights the multi-level, multi-actor nature of sustainability transitions as well as its political and
normative underpinnings and ambitions (Kohler et al., 2019).

The multi-level, multi-actor emphasis of research on governing transitions echoes the well-recognized inadequacy of top-down,
nationally-driven solutions to advancing sustainability transitions as well as the groundswell of subnational and non-state sustain-
ability efforts (see Bohnsack et al., 2016; Broto and Bulkeley, 2013; Hale et al., 2021; Tornberg, 2018). At the international level,
current debate focuses on designing mechanisms for localizing the diverse range of Sustainable Development Goals (SDGs) under the
United Nations (ElMassah & Mohieldin, 2020). In developed economies such as the United States and Europe, research has moved
beyond practice adoption and shifted towards a more nuanced understanding of the process of sustainability transitions governance as
well as its interplay with broader socio-political contexts (Ehnert et al., 2018; Hawkins et al., 2021; Hess, 2018). One notable line of
research studies how local governments influence and facilitate sustainability transitions. Examples range from local governments’
opportunities and challenges in navigating power dynamics within multi-level transitions governance systems (see Ehnert et al., 2018),
to their role in developing niche innovations and regional innovation systems (see Kohler et al., 2019), and to their experimentation
with catalyzing sustainability pathways (Tozer et al., 2022).

Studying local governments’ sustainability practice and performance connects to the research on the geography of sustainability
transitions, which seeks to understand the distributional variation of transition processes across space (Bridge et al., 2013). In
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particular, a geographical perspective on sustainability transitions emphasizes two aspects: place specificity and inter-organisational
relations. Place specificity highlights the role of contextual variations in explaining the geographical heterogeneity of transitions
progress whereas inter-organisational relations focus on the possible synergistic and/or counteractive effect of cross-scale interactions
on sustainability transitions (Hansen & Coenen, 2015). An important implication of a geographical perspective on sustainability
transitions is that historical/pre-existing technological and industrial specialization can help explain the formation of a locality’s
strategic niches and new industries, and by extension, its transitions (see Ferloni, 2022; Hansen & Coenen, 2015; Losacker & Liefner,
2020). Such insight connects to the concept of locational advantages (e.g., knowledge spillovers and specialized labor markets)
emphasized in the framework of technological innovation systems (TIS; Ulmanen & Bergek, 2021). A more balanced perspective on
local pre-existing industrial specialisation attends to its full range of possible effects on sustainability transitions (i.e., positive effect
driven by positive externalities; no effect, and negative effect due to potential lock-ins) and underlines the role of local actors and
institutions (Ferloni, 2022). Local governments, due to their policy capacity in important issue areas such as land use planning,
community and social facilities and services, and economic development, constitute a key group of local actors in sustainability
transitions (Bush, 2020).

When focusing on local governments, synergies between transitions studies and public management research are of potential to
generate a more systematic understanding of local governments’ role in sustainability transitions. For instance, understanding local
governments’ sustainability reporting and planning is conducive to documenting and assessing local-level transitions progress (see
Hossain, 2018; Liao et al., 2020). Likewise, a closer look into local governments’ strategies and collaboration on pursuing sustainability
aids in explaining their political priorities and the politics of transitions more broadly (Ji and Darnall, 2018; Pinz et al., 2018). Moving
forward, as transitions scale up and accelerate, continued efforts are needed to further inform transitions studies with insights from
diverse perspectives (Kohler et al., 2019). Building on existing research at the intersection of transition scholarship and public
management research, for example, local governments’ sustainability performance (transition outcomes) merits further attention
given that existing efforts are predominately focused on practices and processes. Along this line, mechanisms that secure and sustain
competitive advantages offered by sustainability transitions are worth investigating to further the momentum of local governments
advancing sustainability transitions (Deslatte and Stokan, 2020).

A particular strength of transitions research is its emphasis on long-term stability and change as well as the varied possible
transition trajectories (Kohler et al., 2019). Situating local governments’ sustainability practice and performance in long-term societal
shifts is thus of theoretical and empirical value to further our understanding of local governments’ role in sustainability transitions.
Within transitions research, scholars have proposed historical institutionalism as a complementary approach to socio-technical sys-
tems analysis to understanding the effects of long-term institutional change on transition trajectories and outcomes (see Lockwood
et al., 2016). Historical Institutionalism theorizes institutional evolution and action within institutional constraints (Thelen, 1999). An
emphasis of Historical Institutionalism is path dependency, the potential influence of prior “institutional, economic, political, social,
and cultural” features (Greif, 1998, P.82) on current and future preferences and action. In this analysis, Historical Institutionalism,
together with transitions studies and public management research, will provide promising avenues for studying local governments’
sustainability practice and performance against the background of long-term macro shifts such as industrial transitions.

3. Historical industrial transitions and contemporary sustainability practice and progress

In this section, we elaborate several theoretical mechanisms through which historical industrial transitions may influence local
governments’ sustainability planning, capabilities, and performance. We derive our hypotheses broadly from sustainability transitions
scholarship, historical institutionalism, and public management research.

Industrial transitions, along with socio-technical systems innovations, contribute to sustainability transitions (Schot & Kanger,
2018). In developed economies, industrial transitions have largely followed a path of shifting away from manufacturing-oriented
industrial functions towards service- and technology-based ones (Buera & Kaboski, 2012). In developing economies, a double chal-
lenge remains as to promoting lower-carbon, cleaner industrial functions while simultaneously supporting rapid industrial develop-
ment, leading policy makers to focus on opportunities to advance niche cleantech industries (Yap & Truffer, 2019). In either developed
or developing context, shifts in industrial functions can play an important role in sustainability transitions, spanning economic,
environmental, and social dimensions. Economically, industrial development drives economic growth and shapes the structural
transformation of an economy. From an environmental perspective, internalizing environmental externalities has been one of the goals
of industrial transitions (i.e., industrial decarbonization). Lastly, industrial transitions influence the social aspect of sustainability
transitions by promoting social integration and empowering marginalized communities via employment and community-building
(Luken & Castellanos-Silveria, 2011).

The literature on sustainability transitions and historical institutionalism has posited that past industrial transitions in a given
locality can have a profound impact on its present-day sustainability policymaking (Ba and Galik, 2022; Hossain, 2018; Lockwood
et al.,, 2016). The rationale is three-fold. First, from a sociological perspective, industrial development is a co-evolving, dynamic
macro-selection environment (Nettleingham, 2019; Schot and Kanger, 2018). That means, for a given locality, industrial identity
constitutes part of a community’s broader institutional, social, and cultural identities that are recognized in the literature to be
influential in transition trajectory and outcomes (see Janssen et al., 2022; Runhaar et al., 2020). Here, we define a locality’s industrial
identity, which is largely shaped by its past industrial movements and experience, as the shared understandings of its residents and
external audiences about the suitability of this locality for particular kinds of industrial functions (Romanelli & Khessina, 2005).

The influence local industrial identity on sustainability transition trajectories and outcomes can come from both internal and
external sources. Internally, individuals and/or collectives may develop attachment to a certain type of industrial functions and
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transition trajectories (see Janssen et al., 2022; Masterson et al., 2017). Externally, cross-regional flows of resources may likewise be
shaped by distinctive local industrial identities (Romanelli & Khessina, 2005). In the case of shifts in manufacturing industrial con-
centrations, it is thus logical to expect localities that have been historically more reliant on manufacturing-related industrial functions
to be less likely to undergo sustainability transitions.

Second and relatedly, past industrial transitions can result in political coalitions that align either for or against transitions policies.
These coalitions, and indeed the power dynamics between incumbent and emerging regimes, can complicate transitions progress
(Geels, 2011; Hess, 2014; Magnusson and Werner, 2022). On the one hand, incumbent industrial regimes, oftentimes in the form of
organized agents in the political field, tend to resist proposed changes as they perceive transitions as threats to their short-term
profitability and long-term survival (Hess, 2014). Such a perception can be explained and reinforced by routinized organisational
skills and practices that eventually lead to lock-ins within organizations (Magnusson and Werner, 2022) as well as by shared narratives
and commitments across organizations with coalitions (Runhaar et al., 2020). Examples include resistance of incumbent actors in the
automotive, power, and farming industries (see Lowes et al., 2020; Runhaar et al., 2020; Wells & Nieuwenhuis, 2012). On the other
hand, incumbent industrial regimes, in certain circumstances, can also facilitate sustainability transitions (Magnusson and Werner,
2022), largely by creating new technologies and businesses for long-term competitiveness (e.g., niche creation; Valta et al., 2022) and
reorienting towards radical transitions trajectories (Geels et al., 2016). Examples can be found in pulp and paper, shipping, and energy
sectors (see Ottosson & Magnusson, 2013; Stalmokaite & Hassler, 2020; Valta et al., 2022). In either case, research suggests that
heterogeneity in capabilities (e.g., strategic management) can lead to the varied industry responses to transitions policies (Magnusson
and Werner, 2022).

Characterizing past industrial transitions, research on transitions studies and development economics has emphasized two di-
mensions: direction and magnitude. Direction depicts the trajectory/course along which manufacturing industrial concentration
moves in a given locality. Developed economies have largely experienced a downward shift in their manufacturing industrial con-
centrations whereas both downward and upward shifts can be identified in developing economies (e.g., premature deindustrialization
in low- and middle-income economies; see Rodrik, 2016). Magnitude describes the pace of industrial transitions. In other words,
magnitude focuses on the observable volatility within a given time period in a locality’s manufacturing industrial concentration (Ba
and Galik, 2022). Due to the relatively long period of time to observe changes in directions of industrial transitions (e.g., potential
effect of path dependency and economic volatility on directions), pace of industrial transitions has been highlighted to offer policy
implications. In particular, the literature on sustainability transitions suggests that rapidity in industrial transitions may not always be
favorable given the time needed for adjustments in social practices and institutional infrastructures to mitigate potential disruptions
and side effects (see Hess, 2014). For instance, in the just transitions literature, empirical evidence from the sectors such as food,
housing, and energy (see e.g., Martiskainen et al., 2021; Kaljonen et al., 2021; Stevis & Felli, 2015; Tschersich & Kok, 2022) shows that
inattention to social inequalities during transitions can exacerbate existing problems such as unemployment in traditional industrial
bases and food and energy poverty and vulnerability in low-income and/or minority households. Such evidence further highlights the
need to focus on transitions magnitude in our study.

To advance sustainability at the local level, research on public management has highlighted the role of local governments’ strategic
management given that local governments must work with limited resources and competing priorities (Yi et al., 2017). In particular,
strategic planning and managerial capabilities have been identified as key factors influencing sustainability performance (Deslatte and
Stokan, 2020; Hawkins et al., 2021). Strategic planning entails a systematic process that a local government undertakes periodically to
recognize the various future conditions in which its communities will thrive and establish consensus about the actions that are mostly
likely to result in its most desired vision—all within the boundaries of anticipated available financial and human resources (Gordon,
2013). In this case, the extent to which a local government’s strategic planning emphasizes sustainability will likely be linked to its
transition trajectory and outcomes (Deslatte and Stokan, 2020). Managerial capabilities including natural, material, and fiscal re-
sources as well as human-based expertise represent a local government’s unique set of “problem-solving patterns” or competencies on
which it can rely when pursuing key goals (Andrews et al., 2016; Feldman and Pentland, 2003). Managerial capabilities reflect a
resource-based understanding of local governments and can be further differentiated into specialized and general-purpose capabilities
depending on the level of specific resource commitment that developing or possessing a capability demands (Levinthal & Wu, 2010).

Conceptually, local governments’ managerial capabilities connect to the concept of urban transformative capacity in the sus-
tainability transitions scholarship, defined as urban development stakeholders’ collective capacity to envision, plan for, initiate, and
carry out path-deviant transitions toward sustainability within and across the multiple complex systems that comprise the cities to
which they are connected (see Wolfram et al., 2016). Although designed to focus on city-level transitions, the theoretical un-
derpinnings for urban transformative capacity are informative for transitions studies at any level owing to the concept’s emphasis on
place specificity as well as its systematic theorization of the multi-dimensional and multi-sectoral reality of sustainability transitions
(see Borgstrom, 2019; Shahani et al., 2022; Peris-Blanes et al., 2022).

Connecting long-term industrial transitions to local governments’ current-day sustainability practices and progress, both direction
and magnitude are likely to influence local governments’ sustainability planning, capabilities, and performance. Yet as reviewed
previously, their influence tends to be direct on local governments’ sustainability planning and capabilities and indirect on sustain-
ability performance (see Ottosson & Magnusson, 2013; Magnusson and Werner, 2022; Stalmokaite & Hassler, 2020). In other words,
local governments’ sustainability planning and capabilities intervene in the relationship between long-term industrial transitions and
local governments’ sustainability performance. This is because, from an organizational perspective, planning and capabilities
represent a local government’s commitment and resource boundaries that can shape its sustainability performance (Magnusson and
Werner, 2022). From a system perspective, local governments’ planning and capabilities can reflect the interactive dynamics of key
stakeholders from all sectors whose participation and engagement are crucial to successful transitions (see Wolfram et al., 2019;
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Peris-Blanes et al., 2022). Such a rationale also aligns with the previously reviewed literature on public management (see Deslatte and
Stokan, 2020; Hawkins et al., 2021).

With regard to the two measures of long-term industrial transitions (i.e., direction and magnitude), as demonstrated previously,
variation in magnitude is more likely to be of interest in developed countries such as the U.S. given a downward trend in manufacturing
employment over the long run. Previous research has indicated that rapidity in industrial transitions could negatively influence
sustainability commitment at the local level (Ba and Galik, 2022). Research has also warned that rapidity may sacrifice the time needed
for adjusting social practices and institutional arrangements to reduce the risk of disruptions and side effects (see Hess, 2014). This
impact of rapidity is particularly relevant for local governments given that they typically work within fiscal constraints and face
competing priorities and that communities may have long-lasting emotional and cultural connections with lost industrial bases
(Linkon, 2018). Accordingly, we hypothesize that magnitude of past industrial transitions—specifically larger and more rapid changes
in manufacturing employment—may negatively influence local governments’ sustainability planning, capabilities, and performance.
Additionally, we hypothesize that local governments’ sustainability planning and capabilities mediate the relationship between past
industrial transitions and sustainability performance.

4. Data and methods
4.1. Unit of analysis

Our sample focuses on county-level observations in the U.S. The motivation for this is threefold. First, counties represent the largest
possible geographical scope with clearly and consistently defined boundaries that encapsulates most residential, commuting, and
work-related activities, and likewise are responsible for a variety of development policies and intergovernmental programs (Lobao
et al., 2012; Partridge and Rickman, 2006). This makes counties a useful unit to study labor market movements and associated
transitions. Second, county-level observations are more inclusive in terms of many demographic dynamics and transitioning patterns
such as rural and urban communities as well as shrinking and growing manufacturing employment (Desmet & Fafchamps, 2005). This
enables us to develop a more holistic understanding of local sustainability action. Lastly, the emphasis of the current literature on local
climate and sustainability action has been predominantly on the city and municipal level (e.g., Bulkeley and Betsill, 2005; Burch, 2010;
Deslatte and Stokan, 2020; Hsu et al., 2020; Krause et al., 2016). The lack of attention likewise suggests the need to study county-level
efforts.

4.2. Representation of historical industrial transitions

We obtain county-level historical industrial transition data from the Regional Economic Accounts dataset at the U.S. Bureau of
Economic Analysis (BEA; Employment by County, Metro, and Other Areas). We use variation in the share of manufacturing
employment of local workforce (i.e., percentage of manufacturing jobs) to assess county-level historical industrial transitions (1969 -
2016), which fits the general transition pattern from labor-intensive goods to capital-intensive goods such as information and services
(Sachs et al., 1995). As noted previously, we focus on two key dimensions of historical industrial transitions: direction and magnitude.
Direction is quantified as a categorical variable using a nonparametric approach, the Mann-Kendall Statistic (MKS; Mann, 1945;
Kendall, 1948), which is a commonly used trend detection method that takes advantage of the correlation between numeric obser-
vations and their order in time (Hamed & Rao, 1998). We use a nonparametric approach because only 15.94% (51/320) of the sampled
counties are identified to have normally distributed shares of manufacturing employment across the sampled years (1969 — 2016;
Shapiro-Wilk test, a = 0.05; Shapiro and Wilk, 1965). According to the MKSs (a = 0.05), from 1969 to 2016, 13.44% (43/320) of the
sample counties are identified with growing manufacturing employment (directed upward, coded 2); 80.31% (257/320) with
shrinking manufacturing employment (directed downward, coded 1); and 0.06% (20/320) with stable manufacturing employment (no
direction, coded 0). Magnitude is quantified by the standard deviation of the shares of manufacturing employment across the sampled
years to measure the pace of historical industrial transition in a county.

4.3. Representation of sustainability-related actions

To construct our sustainability action variables, we rely on the Local Government Sustainability Practices (LGSP) survey conducted
by the International City/County Management Association (ICMA) in 2015. This national survey captures a wide range of U.S. local
governments’ climate and sustainability efforts and performance on topics such as water, energy, recycling, and transportation (ICMA,
2015). To provide a more holistic understanding of local governments’ sustainability action, inspired by Deslatte and Stokan (2020),
we use an item response theory (IRT) approach to developing composite measures for three important aspects of local governments’
sustainability action: planning, capability, and performance. IRT is a commonly used set of mathematical modeling techniques to
construct measurements for multi-dimensional and/or unobservable, latent variables such as capability and competence based on item
performance (i.e., response data; Zanon et al., 2016). An advantage of IRT is that it accounts for the difference among survey items by
creating distinct statistical properties (e.g., discrimination and difficulty) for each collection of items (Deslatte and Stokan, 2020). This
will make sure subjects’ IRT measurements are independent of the particular items that were administered (Zanon et al., 2016).

In our study, each of the sustainability action variables (i.e., planning, capability, and performance) is measured using responses to
avariety of items (i.e., survey questions). As indicated previously, sustainability planning represents a local government’s commitment
to sustainability-related policymaking and is key to local-level transitions (Tozer, 2018). Building on Deslatte and Stokan (2020), our
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study measures local governments’ sustainability planning, which denotes efforts to incorporate objectives for sustainability related
matters such as energy efficiency and mixed-use development into existing organizational goals (Alibasi¢, 2018) via responses to eight
items, including elements on equity, energy conservation, climate change, economic development, disaster mitigation, public health,
community resiliency, and green energy production. We believe our multi-dimensional measure helps address two challenges that
have been identified in the literature regarding measuring sustainability planning at the local level: (1) the ambiguous and complex
nature of the concept itself, and (2) its overemphasis on environmental action that is common in practice (see Finn & McCormick,
2011; Tozer, 2018).

Regarding local governments’ sustainability action capabilities: we differentiate two types of capabilities: specialized and general-
purpose capabilities. The differentiation is based on the level of specific resource commitment that developing or possessing a
capability demands. This is driven by the logic that local governments work with limited resources and competing priorities (Yi et al.,
2017). For instance, dedicated budget items for sustainability might need a higher level of resource commitment than adding a
sustainability-related task to an existing staff member’s job description. Here, specialized capabilities are measured via 22 items
covering a myriad of local governments’ dedicated investment in GHG reduction and green energy such as dedicated line items in
budgets for sustainability, conducting energy efficiency retrofits and upgrades, and certifying renovation and new construction pro-
jects (e.g., LEED, Energy Star). Along this line, general-purpose capabilities are measured with 18 items capturing those that can be
more easily achieved by redirecting and expanding existing capabilities such as staffing and programs with minimal dedicated resource
commitment. Such items include, for instance, if a local government supports residents and businesses’ energy efficiency programs and
enables or incentivizes higher density development close to public transit nodes or existing infrastructure.

Lastly, local governments’ sustainability performance, which captures progress and accomplishments on sustainability related
matters, is measured by responses to five items that track progress of four key sustainability programs/policies: energy conservation
(both in community and by government); green buildings; water conservation; and recycling. Again, we argue that our measure of
sustainability performance is an advancement in the literature given the lack of multi-criteria measurements in extant studies
(Biiyiikozkan & Karabulut, 2018). Despite our effort to use IRT and responses to multiple survey questions to develop composite
measures of each of the key aspects of local governments’ sustainability action—planning, capability, and performance—the complex
and multifaceted nature of these three concepts suggests that other important dimensions might have been neglected. For example,
although we have responses on social equity, economic development, and community resilience, some of the key sustainability targets
such as quality education and strong institutions are not included, at least explicitly, in our measure of sustainability planning due to
limited data availability. Subsequent studies, relying on more comprehensive data, could consider further improve these measures. For
descriptive statistics for the variables and a list of the items used, please see Appendix A-B.

4.4. Analysis

We use path analysis to connect the variables constructed in the previous section and examine the relationship between historical
industrial transitions and present-day local sustainability action. Path analysis denotes a statistical modeling approach that goes
beyond conventional multiple regression and allows for the analysis of more complicated models (Streiner, 2005). Path analysis is
particularly useful for mapping out structural relationships (both direct and indirect) among a set of interdependent variables,
enabling researchers to develop more precise and realistic hypotheses. This is helpful in our study because, in addition to the rela-
tionship of interest between historical industrial transitions and present-day local sustainability action, the different aspects/di-
mensions that make up these two concepts are likely to be interdependent themselves (e.g., sustainability planning, capability, and
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Fig. 1. Path model coefficients for historical industrial transitions and local sustainability action.
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performance). Path analysis thus helps us better accommodate these relations. Specifically, we use a recursive path model with
bootstrapped standard errors given our interest in linking historical industrial transitions to present-day local sustainability practices
and performance (i.e., unidirectional flows). The structure of our model and the estimated path coefficients are displayed in Fig. 1.

Here, while path analysis aids in our examination of the relationship between historical industrial transitions and present-day local
sustainability action, we wish to transparently note that our research design, primarily due to the lack of time-series cross-sectional
data on local sustainability action, may prevent us from providing causal inferences. Yet given the importance of the topic, the paucity
of pertinent studies, as well as on account of limited data availability, we believe our choice of path analysis is a reasonable approach.
More broadly, we would like to acknowledge that, despite the importance of local governments, it is but one of several sectoral forces
that collectively constitute non-state and subnational efforts towards sustainability transitions. In other words, and as indicated
previously, non-state stakeholders such as businesses and nonprofit and civil society organizations are likewise instrumental to
transitions success (see e.g., Ba, 2022b; Bolton and Hannon, 2016; Chambers et al., 2021; Magnusson & Werner, 2022; Peris-Blanes
et al., 2022). Yet given the limited space, and in order to provide more in-depth insights, our study focuses on local governments.
Subsequent research could consider testing the relationship between long-term industrial transitions and non-state sustainability
action.

5. Results

Our results provide suggestive evidence that local communities with more substantial swings in industrial transitions may be less
likely to engage in sustainability planning, to cultivate sustainability-related capabilities, and to make greater progress towards
meeting sustainability-related objectives such as sustainable buildings, water conservation, and recycling. Our results likewise show
that, after controlling for the potential influence of historical industrial transitions, local governments’ sustainability planning is
conducive to developing sustainability related capabilities, and sustainability capabilities are likewise contributory to enhancing
performance. Specifically, as shown in Fig. 1, our hypothesized path model assumes the two variables (i.e., direction and magnitude)
depicting local historical industrial transitions are directly associated with sustainability planning and indirectly with sustainability
capability and performance. In other words, it assumes sustainability planning and capability variables mediate the relationship
between past transitions and sustainability performance. This is because the planning activities identified in the LGSP survey such as
adopting mitigation and adaptation plans are likely to predate the development of the identified capabilities, and such capabilities may
likewise predate the development of performance (Deslatte and Stokan, 2020). Such an assumption also aligns with the research on
local governments’ sustainability management in which planning and capability are considered key determinants of performance
(Zeemering, 2018).

As most local communities in developed economies such as the U.S. have been experiencing shrinking manufacturing employment
(i.e., the same direction), it is perhaps more suitable to focus on the magnitude/pace of past transitions (see Kern and Rogge, 2016). As
such, we construct a moderated mediation (Preacher et al., 2007) in which the path between magnitude of past transitions and
sustainability planning is conditioned by transition direction (Fig. 1). Lastly, our goodness-of-fit indices suggest that our fitted model
adequately reproduces the characteristics of our sample (comparative fit index (CFI) = 0.98; root mean square error of approximation
(RMSEA) = 0.06). Specifically, about 48 percent of the variance in our local governments’ sustainability performance variable has
been accounted for by our model.

With regard to the relationship between local historical industrial transitions and sustainability planning, we find that both di-
rection (p = -0.044, p = 0.156) and magnitude (p = -1.708, p = 0.001) are negatively associated with sustainability planning but with
varied levels of statistical significance. Such a result likewise helps confirm what the sustainability transitions literature has suggested,
that when it comes to the imprinting effects of the historical industrial transitions on present-day local sustainability action, it is the
pace and magnitude of transitions that perhaps matters more (Ba and Galik, 2022; Kern and Rogge, 2016). In our model, the negative
association between magnitude and planning suggests a need to consider the pace of industrial transitions to inform the development
of sustainability planning related activities. That is, when planning for sustainability transitions, local decisionmakers should be aware
of that rapidity of industrial transformations may sometimes be counterproductive due to the lack of time necessary for adaptations in
social norms and practices to avoid potential negative effects (see Hess, 2014). This is important since the negative effects such as food
and energy insecurity are oftentimes borne by low-income and/or minority households during transitions (see Martiskainen et al.,
2021; Kaljonen et al., 2021; Stevis & Felli, 2015; Tschersich & Kok, 2022).

Next, we calculate the total indirect effects using the respective connecting paths between past industrial transitions and sus-
tainability capabilities and performance. Similar to our findings on sustainability planning, transitions magnitude is negatively
associated with sustainability capabilities (specialized capabilities: § =-0.567, p = 0.003; general-purpose capabilities: p =-0.506, p =
0.005) and with sustainability performance (p = -0.444, p = 0.004). In other words, counties with more rapid manufacturing job loss
are less likely to cultivate sustainability-related capabilities and to perform well in sustainability transitions. This is important as these
relationships, together with our findings on sustainability planning, point to the complexity of sustainability transitions. That is, rapid
transition away from manufacturing may counterintuitively complicate local governments’ sustainability efforts. On the other hand,
our study further reinforces previous research (e.g., Zeemering, 2018) suggesting that sustainability planning can promote the
development of sustainability related capabilities (planning to specialized capabilities: § = 0.332, p = 0.000; planning to
general-purpose capabilities: p = 0.296, p = 0.000). We likewise find that sustainability capabilities contribute to improved sus-
tainability performance (specialized capabilities to performance: § = 0.648, p = 0.000; general-purpose capabilities to performance:
= 0.150, p = 0.002).

To assess the robustness of our findings, we re-estimated our path model by focusing on counties with shrinking manufacturing
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employment (directed downward). The design of the check fits our sample composition in which the majority are identified with
shrinking manufacturing employment (80.31%; 257/320) and aligns with the general transition trajectory in developed economies.
The results are consistent with the ones presented previously (Fig. 1), showing negative associations between transition magnitude and
sustainability planning, capabilities, and performance, respectively. See Appendix C for regression coefficients.

6. Discussion and conclusion

Non-state and subnational actors such as businesses, nonprofits, and local and regional communities represent a complementary
pathway to national governments for achieving existing climate and sustainability policy goals as well as setting higher targets (Hsu
et al., 2019). Of particular importance to near-term climate and sustainability policy goals are the actions taken by local governments
(Colau, 2021; Kennedy et al., 2009; Sethi et al., 2020). While transitioning towards low-carbon and more sustainable societies has been
increasingly emphasized in local governments’ pertinent policy design and implementation, empirical evidence remains scarce to
connect long-term transitions and present-day policy practices and performance. In this study, we provide, to our knowledge, the first
empirical analysis of the connection between historical industrial transitions and local governments’ present-day local sustainability
practices and performance. Drawing on historical regional economic accounts data (1969-2016) and a national local sustainability
practice survey, we use a path analysis and find that counties with more substantial swings in manufacturing employment may be less
likely to engage in sustainability planning and struggle to cultivate sustainability related capabilities (both general-purpose and
specialized) and achieve better performance. Along this line, our study also helps extend previous understandings that sustainability
planning is conducive to developing sustainability related capabilities, and that sustainability capabilities are contributory to
enhancing sustainability performance at the local level, even after accounting for the potential influence of historical industrial
transitions.

Our findings point to the complexity of local sustainability transitions and offers several implications for policymakers and local
administrators. First, while designing and implementing transitions policies and programs, simply focusing on accelerating transitions
away from traditional industrial bases may counterintuitively complicate local sustainability efforts owing to local industrial heritage,
community identity, and the presence of powerful incumbents (Byrne, 2002; Geels, 2014; Linkon, 2018). While rapid transitions have
happened historically and may again be possible in the future, policymakers and administrators from the federal to local levels should
nonetheless carefully assess local transitioning patterns and trajectories as well as the existence of possible societal tradeoffs (e.g., lack
of public support, workforce retraining and equality; see Fanning et al., 2022; Hess, 2014; Kern & Rogge, 2016; Leong & Howlett,
2022). The corollary to this is that there may be unseen challenges associated with blanket, top-down programs to encourage sus-
tainable transitions at the community level, highlighting the role played by bottom-up, community-driven efforts.

A second implication is that the development of management capacity to meet sustainability transitions demand—particularly at
the local level—has potential benefits for both sustainability capabilities and performance. As limited resources and competing pri-
orities at the local level tend to contribute to both administrative and managerial silos (Deslatte and Stokan, 2020; Yi et al., 2017),
efforts to enhance local sustainability related capabilities and performance should differentiate between specialized and
general-purpose capabilities. That is, instead of promoting generic and one-size-fits-all strategic management guidelines, tailored
capacity building schemes to local governments’ resource availability and heterogeneity as well as their community characteristics
may be better suited to enhance local sustainability related capabilities and performance (e.g., Baker et al., 2012). This is particularly
the case considering the diversity of tools available to pursue sustainability (Chambers et al., 2021), as well as differences in tool
applicability and flexibility (Di Lucia et al., 2021). This finding again reinforces our earlier conclusion of the need to consider
bottom-up community context and conditions when developing policy to encourage sustainable transitions at the local level.

Along this line, it is important to acknowledge that, part of the dilemmas between local governments’ sustainability action and their
limited resources and competing priorities (i.e., opportunity costs of sustainability action) are constructed and can be re-constructed.
In other words, synergies may in fact exist between seemingly counteractive priorities such as socio-economic development and
sustainability transitions (e.g., Peris-Blanes et al., 2022). Indeed, in certain cases, especially when sustainability is viewed exclusively
from an environmental perspective and/or when framing of sustainability is politically contested, pushback to sustainability action has
occurred and will likely happen again (e.g., Cavicchi, 2016). Yet if sustainability is understood from a more holistic and inclusive
perspective (e.g., triple-bottom-line sustainability; Hacking & Guthrie, 2008), additional opportunities can be created for local syn-
ergies. For instance, connecting adoption of renewable energies to existing public values such as political or religious beliefs and the
economic opportunities in “green jobs” has been identified to positively affect energy transitions in the U.S. (Jett & Raymond, 2021).
Likewise, framing inclusive innovation as an approach to enhancing market readiness and participation is proved to have a trans-
formative impact on accelerating transitions in rural communities in India (Pansera & Owen, 2018). Lastly, the effect of reconstructing
these dilemmas on meaningful transitions relies on local cooperation and mindset change of local stakeholders (see Peris-Blanes et al.,
2022).

The above conclusions are particularly salient given present efforts in the U.S. to address multiple social, economic, and envi-
ronmental objectives under the auspices of the recently enacted Infrastructure Investment and Jobs Act (P.L. 117-58) and Inflation
Reduction Act (P.L. 117-169). Collectively, these pieces of legislation include among their various programs efforts to encourage clean
energy deployment, improve local infrastructure, and invest in clean technology manufacturing while also providing resources to
decarbonize highly-emitting industries. The sheer size of investment being made by legislation already signed into law (The Infra-
structure Investment and Jobs Act, $1.2 Trillion; Infrastructure Reduction Act, $740 Billion, of which $369 Billion is targeted spe-
cifically to climate) presents a unique opportunity to assist communities and industry in making the transitions necessary to meet
climate and other environmental objectives. Understanding the potential barriers and opportunities associated with uptake and
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implementation at the local level is important to ensure that investments are appropriately made given the magnitude of challenges
these packages purport to address.

More broadly, while our study is focused on the U.S., we argue that our findings are of potential to be generalizable to other
contexts as well. This is because, drawing on the suggestions of extant transitions research on moving beyond singular case studies (see
e.g., Andersen et al., 2020; Heiberg et al., 2022), we carefully built a national sample of counties of heterogenous industrial transitions
patterns, in terms of both direction and magnitude, of varied sustainability actions and performance, and of different levels of
socio-technical development. Based on this sample, we believe other contexts, at least those such as developed economies that share a
certain set of socio-economic characteristics of the U.S., can find our findings applicable to their sustainability cases. For instance, in
Europe and part of Asia (e.g., Japan and Korea) in which socio-economic development has moved beyond manufacturing-oriented
industrial functions, complementing national policies with bottom-up, community-specific, and less rapid transitions programs
might be of potential to achieve meaningful transitions. In developing economies that are currently going through rapid industrial-
ization, our findings are likewise informative since policies can be designed to (1) better attend to system-wide trade-offs between
immediate economic development and long-term sustainability and seek advancements in cleaner industries via technological in-
novations; and (2) proactively cultivate pro-transitions community identities via behavioural nudges and interventions. Lastly,
although we are confident in the generalizability of our findings, we do encourage future research to examine similar research
questions in other contexts and/or comparative settings to add to the validity of our findings and the theoretical building of the
sustainability transitions scholarship.

As for the theoretical contributions to the sustainability transitions scholarship, we believe our study’s bridging of the sustainability
transitions—public management research is of great value and offers promising avenues for future research. First, studies in the
sustainability transitions field have been mostly located at the meso level. The micro and organizational foci of the public management
scholarship thus can help open up the black box of managerial rationales and practices so that more actionable policy recommen-
dations can be developed to facilitate transitions. For instance, at the micro level, research on public service motivation—defined as an
individual’s disposition to respond to motives grounded in public institutions (Perry & Wise, 1990)—can help identify strategies to
cultivate and sustain government officials’ pro-transitions behaviour and leadership styles (see Hameduddin & Engbers, 2022). At the
organizational level, research on agency design and administrative reform is of promise for facilitating inter- and intra-agency
collaboration towards more effective socio-technical innovations (see Deslatte & Stokan, 2020; Yi & Cui, 2019). Second, public
management research encompasses the governance of inter-sectoral dynamics among government, non-profit, and for-profit orga-
nisations in the provision of public services. Insights of public management research on cross-sector interactions such as mechanisms of
informal and formal collaborations (see e.g., Bauer et al., 2022) as well as trust and accountability across sectors (see e.g., Guar-
neros-Meza & Martin, 2016) can help inform the sustainability transitions scholarship on identifying innovative ways to scaleup niche
experimentation to wider socio-technical adoption and change (see Bogel et al., 2022).
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Appendix A. Descriptive statistics for IRT-generated and transition variables (N = 320)

Variable Mean S.D. Min. Max.
Sustainability Planning 0.200 0.292 0.000 1.000
Sustainability Capability (Specialized) 0.325 0.222 0.000 1.000
Sustainability Capability (General-Purpose) 0.170 0.234 0.000 1.000
Sustainability Performance 0.217 0.238 0.000 1.000
Transition Direction 1.072 0.439 0 2

Transition Magnitude 0.045 0.031 0.003 0.184

Appendix B. Items used for IRT-generated variables

Variable Items N

Sustainability Planning 8
(continued on next page)
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(continued)

Variable Items N

Please indicate if your local sustainability plan contains goals or strategies for (1) Social equity; (2) Energy
conservation; (3) Climate change; (4) Economic development; (5) Disaster mitigation; (6) Public health; (7)
Community resilience; and (8) Green energy production?
Sustainability Capability Which of the following sustainability actions has your government undertaken? (1) Dedicated a budget line item 22

(Specialized) specifically for sustainability or environmental protection; (2)Adopted a climate mitigation plan; (3) Adopted a climate
adaptation plan; (4) Conducted a greenhouse gas inventory of local government operations; (5) Conducted a
greenhouse gas inventory of the community; (6) Set greenhouse gas reduction targets for local government operations;
(7) Set greenhouse gas reduction targets for the community; and Which of the following energy actions has your
jurisdiction taken in the last five years? (8) Established a fuel efficiency target for the government fleet of vehicles; (9)
Increased the purchase of hybrid, plug-in hybrid, electric, or other fuel-efficient vehicles; (10) Installed charging
stations for electric vehicles; (11) Conducted energy audits of government buildings; (12) Established a policy to only
purchase energy star equipment when available; (13) Upgraded or retrofitted government facilities to higher energy
efficiency of office lighting; (14) Upgraded or retrofitted traffic signals to increase efficiency; (15) Upgraded or
retrofitted streetlights or other exterior lighting to improve efficiency; (16) Upgraded or retrofitted government
facilities to more energy efficient heating or air conditioning systems; (17) Upgraded or retrofitted facilities to higher
efficiency pumps in the water or sewer systems; (18) Installed solar panels on a government facility; (19) Installed a
geo-thermal system in a government facility; (20) Generated electricity through refuse disposal, wastewater treatment
or landfill operations; (21) Required all new government construction projects be certified green (e.g., LEED, Energy
Star, etc.); (22) Required all government renovation projects be certified green (e.g., LEED, Energy Star, etc.).

Sustainability Capability Does your government provide or support any of the following programs to the community? (1) Energy audits for 18

(General-Purpose) individual residences; (2) Weatherization for individual residences; (3) Heating/ air conditioning upgrades for
individual residences; (4) Purchase of energy efficient appliances in individual residences; (5) Installation of solar
equipment on individual residences; (6) Energy audits for businesses; (7) Weatherization for businesses; (8) Heating/
air conditioning upgrades for businesses; (9) Purchase of energy efficient appliances for businesses; (10) Installation of
solar equipment on businesses; and Do your regulations incentivize the following in any part of your jurisdiction. (11)
Higher density development near public transit nodes; (12) Higher density development in areas with existing
infrastructure; (13) Accessory dwelling units, such as granny flats, basement units, etc.; (14) Mixed use development;
(15) Sidewalks in new developments; (16) Clustered (conservation) subdivision design; (17) Low-impact design/green
infrastructure (e.g., bioswales, rain gardens, etc.); (18) Sustainable or green residential or commercial building
standards.

Sustainability Performance (1) Do you track the impact of conservation programs on energy usage by your government? (2) Do you track the 5
impact of conservation programs on energy usage in the community? (3) If you have sustainable building policies,
have they resulted in more green buildings? (4) Do you track the impact of water conservation programs on water
usage? (5) Do you track the impact of recycling programs on recycling rates?

Appendix C. Path coefficients for robustness check

Regressions Estimate Std.Err z-value P(>|z]) Std.lv Std.all

Capability (Specialized) ~

Planning 0.332 0.042 8.002 0.000 0.332 0.438

Capability (Gen. Purpose) ~

Planning 0.296 0.047 6.256 0.000 0.296 0.370

Performance ~

Capability (Specialized) 0.648 0.047 13.732 0.000 0.648 0.604

Capability (Gen. Purpose) 0.150 0.051 2.930 0.003 0.150 0.148

Planning ~

Transition Magnitude -1.658 0.487 -3.405 0.001 -1.658 -0.176
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