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Abstract: Market-driven closures of coal mines have typically been associated with negative economic
consequences for the affected regions. In Germany, structural policy directed towards ameliorating
the negative effects of hard coal decline in the Ruhr area lagged behind the onset of decline, caused
major political conflicts, and has been variously criticized for its reactive character that failed to
generate a positive image of the future. The phase-out of lignite coal in Germany, in contrast, is
policy-driven and accompanied from the outset by compensatory and investment policies that strive
to facilitate regional structural change proactively. Against this backdrop, we investigate how the
policies of lignite coal phase-out initiated in 2018 and the accompanying public discourse affect
the economic worries of individuals in the remaining three lignite coal mining areas in Germany.
We focus on the period 20162021, using a longitudinal multilevel design based on regional and
individual data from the German Socio-Economic Panel (GSOEP). Overall, probabilities of strong
economic worries decrease throughout the observed period. Results show that subjective economic
worries do not significantly differ between residents of lignite mining regions and those in the rest of
the country. Further robustness analyses confirm that the coal phase-out policy has not increased
economic uncertainties in the populations of German lignite mining regions. Based on our results,
we discuss the need for future research on the effects of policy designs of clean energy transitions on
subjective perceptions of the future.

Keywords: lignite mining; coal phase-out; economic worries; imagined futures; politics of expecta-
tions; panel regression; regional disparities; regional policy; structural policy; clean energy transition

1. Introduction

Commodified mining activities have a quasi-natural life cycle based on market com-
petition. Closures of coal mines have typically been associated with negative economic
consequences for the affected regions (Strambo et al. 2019; Diluiso et al. 2021), leading to
low levels of trust and political efficacy (Abreu and Jones 2021). Often, academic research
has identified governments as the most relevant stakeholders in coal mine closures but has
struggled to evaluate policy effects early on.

In Germany, structural policy often failed to anticipate the negative socio-economic
effects of mine closures, as can be learned from the coal decline in the hard coal mining
Ruhr area since the late 1950s. The lagging structural policy reactions often caused major
political conflicts and, thus, failed to generate positive images of the future in affected
regions of the Ruhr area (Dahlbeck et al. 2021). Some decades later, the phase-out of
lignite mining, initiated through the work of the so-called Coal Commission (officially:
Commission on Growth, Structural Change and Employment, working from 6 June 2018,
to 31 January 2019), should be accompanied by “preventive structural change” (Dahlbeck
et al. 2021), hence with an explicit and positive orientation towards the future. The coal
phase-out is legally foreseen to be completed by 2038 at the latest and is accompanied by
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compensating policies for affected workers and investment policies for facilitating strategic
structural change in the affected lignite mining regions. In 2022, the state government
of North Rhine-Westphalia, where the mining area Rhineland is located, and the Federal
Government of Germany agreed to accelerate the regional coal phase-out and complete it
already by 2030, whereas the state governments responsible for the mining areas of Central
Germany and Lusatia have objected to such an endeavor.! In this context, the phase-out
policy has been designed to convey a positive outlook to the future and stimulate regional
structural change.

Very little is known so far about the effects of the German phase-out policy on economic
worries among residents of the affected lignite mining regions. This is surprising because,
in contrast to the mostly market-driven mine closures in the Ruhr area, phase-out policies
deliberately seek to terminate an established technology or practice in a gradual or stepwise
process. They specify a time horizon for the termination of targeted elements, during
which the anticipated closure of open-pit mines might lead to increased levels of subjective
economic hardship. The present study closes this research gap based on longitudinal,
multilevel analyses, thereby integrating theories of collectively imagined futures and
individual worries.

The gradual transition process distinguishes phase-out from abrupt bans, as it gives
involved actors the chance to adapt their expectations, strategies, and practices (Rinscheid
et al. 2022, pp. 225-26). We conceive of the coal phase-out policy and the accompanying
controversial public discourse (Markard et al. 2022, p. 130) as a process involving competing
narratives about imagined futures that are put forward by different actors and groups
(Beckert 2016; Knappe et al. 2019; Durdovic 2022). For the German coal phase-out in the
lignite mining regions, it has been pointed out that there are various potential conflicts
of interests among societal groups, such as regional stakeholders of lignite coal mining,
climate activists, and the public (Kriiger 2021; Mading 2021; Haas et al. 2022; Koster et al.
2022; Kerker 2022), each of which faces particular uncertainties about potential losses and
benefits in the course of the coal phase-out. However, empirical research on perceptions
of economic risks among residents in the German lignite mining regions is scarce so far.
Therefore, we will investigate how subjective economic worries of individuals in the
affected German lignite mining regions develop in response to the phase-out policy and
the accompanying public discourse. Furthermore, we study to what extent their economic
worries differ from those of individuals living in the rest of Germany.

To our knowledge, this is the first study which, based on a nationwide sample, studies
the effects of the coal phase-out on the development of subjective economic worries in the
affected German lignite mining regions. Furthermore, our contribution is the first approach
to offer a conceptual framework for the study of individual effects of the German coal
phase-out. Although we focus on the German coal phase-out and its possible effects on
subjective economic worries, we will later (Section 6) discuss our results and open questions
in broader terms (Pike et al. 2023).

In the following section, we describe the ongoing phase-out policies in the three re-
maining lignite mining regions. Then, we lay out a conceptual framework which combines
two perspectives: the approach of imagined futures (Beckert 2016) on the one hand and
the approach of subjective well-being on the other hand (Diener et al. 2018). We argue that
economic worries can be conceived of as articulations of pessimistic imaginations of the
future, which signal individuals’ evaluation of planned or actual compensation policies.
Next, we describe our data and analytical strategy and present the results of our longitudi-
nal analyses. These analyses are based on data from the German Socio-Economic Panel
(GSOEP) (Goebel et al. 2019), spanning the years from 2016 to 2021. We use descriptions
of time-trends of subjective economic worries and hierarchical linear models (Hox 2010).
Finally, we discuss our results as well as future research questions.
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2. Multilevel Governance of the German Coal Phase-Out

Political and institutional work has been performed at different social levels to reduce
worldwide CO2 emissions, as well as mitigate the negative economic and societal effects of
clean energy transitions. Generally, the political aims of climate change mitigation have
been formally set at the international level in the Kyoto Protocol of 1997 (UNFCCC 1997) and
in the Paris Agreement of 2015 (UN 2015). Both documents were ratified by the European
Union (EU) and Germany. To compensate for the possible negative effects of climate change
mitigation policies, the EU put in place the Just Transition Mechanism, running from 2021
to 2027, which is expected to mobilize 55 billion euros for the most affected regions of the
transition towards a climate-neutral economy (European Commission n.d.).

Systematic reviews of past coal mine closures identified several societal and economic
challenges to be met by stakeholders in affected regions, such as rising unemployment and
the creation of a sense of justice as the main political challenges to be navigated (Diluiso
et al. 2021; Strambo et al. 2019). Political costs associated with fossil fuel phase-outs seem to
be limited by elaborated social welfare systems (Egli et al. 2023). Various countries tried to
ameliorate potential conflicts of interests and procedurally create a sense of justice through
stakeholder commissions (Giirtler et al. 2021; Heffron 2021, pp. 43-85; Hauenstein et al.
2023). Yet, it is unclear if such a policy succeeds in creating a positive outlook to the future.
If, for example, emigration is used as an indicator of revealed future expectations, the case
of Spain shows that carbon-intensive regions lost 27.3% of their population between 1991
and 2021 due to a decarbonization process that accelerated during the last two decades and
is still ongoing (Singh Garha 2022). Comparable regions did not face the same population
decline. Other mining regions in Europe have faced population decline as well (Holman
2023, pp. 56-57).

In Germany, several studies have been conducted that quantified the expected eco-
nomic effects of a clean energy transition (e.g., Oei et al. 2020; Hoch et al. 2021; Haywood
et al. 2021; Luderer et al. 2021). Although negative effects on output, income, and pop-
ulation were to be expected, it was concluded that a faster phase-out accompanied by
structural change programs would lead to a quicker economic recovery (Oei et al. 2020).
Another analysis concluded that while accelerating the coal phase-out from 2038 to 2030
would increase lifetime welfare costs due to job losses for the affected workers, promot-
ing career switches and setting up a wage insurance scheme could alleviate these losses
(Haywood et al. 2021).

The Commission on Growth, Structural Change and Employment, also known as the
Coal Commission, was created in June 2018 following the federal government’s Climate
Action Plan 2050 of November 2016 (Barrett 2022, p. 46). Its 28 members discussed various
scenarios and possible consequences of the coal phase-out in the three German lignite
mining regions (Kohlekommission 2018) and presented their policy recommendations in
January 2019. The political process in the run-up to the formation of the Coal Commission
was embedded in increasingly heated public debates that were most controversial in the
year 2018, when the commission was formed, and reached their peak in 2019, after the
commission had presented their results (Markard et al. 2022, p. 130; Bartl et al. 2022a,
p. 106). In public discourse, the energy transition narrative became deradicalized and
dominant (Buschmann and Oels 2019). The Coal Commission’s recommendations aimed
at creating a societal consensus for phase-out, especially in the lignite mining regions.
Although the polarization of public debate decreased (Markard et al. 2022, p. 130), the
commission’s work was questioned because the proposed policy targets were seen as not
ambitious enough when weighed against the overall cost of the accompanying structural
adjustment program for the affected regions (Low Beer et al. 2021; Hauenstein et al. 2023).

However, in August 2020, the German Bundestag passed a legislative package of
three acts, which we will refer to together as the Coal Phase-Out Act, ruling to phase out
lignite coal production in Germany until 2038, compensating power plant companies and
affected workers (from age 58), and initiating significant investments in mining regions
(Brachert et al. 2023, p. 17).> Subject to this decision are in particular the three still-active
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lignite mining regions in Germany, located in the Rhineland (Rheinland), Central Germany
(Mitteldeutschland), and Lusatia (Lausitz). In 2022, the federal state government of North
Rhine-Westphalia, where the mining area of Rhineland is located, and the Federal Gov-
ernment of Germany agreed to accelerate the regional coal phase-out and complete it by
2030. However, the federal state governments of Brandenburg, Saxony, and Saxony-Anhalt,
which are responsible for the mining areas of Central Germany and Lusatia, have objected
to such an endeavor.

The regional structural policy elements of the legislative package allocated up to
14 billion euros to the lignite mining regions until 2038 for investments facilitating their
structural change. Furthermore, the federal government will also support the coal mining
regions with another 26 billion euros until 2038 through its own measures (Bartl et al. 2022a,
p- 50) (Table 1). Since the lignite mining areas are not autonomous political territories,
the funds have been allocated by a politically negotiated key (measuring the relevance
of workplaces in lignite mining and coal-fired power plants for the regional economy)
to the German federal states where open-pit mines are located. Part of the total budget
comes from the EU’s Just Transition Fund (JTF). The coal phase-out funds top up to older
place-based policies in Germany for which the mining regions had already been eligible
(Brachert et al. 2023, p. 19).

Table 1. Distribution of total budget of the Coal Phase-Out Act on federal states and lignite mining

regions (billion EUR).
Under the Under the Part of the
State Mining Area DIStnbl;hon Authority of Authority of Total Budget Budget that
Key (%) the States the Federal Comes from
Government the JTF
% Billion EUR Billion EUR Billion EUR Billion EUR
Brandenburg Lusatia 25.8 3.612 6.708 10.320 0.668
North-Rhine .
Westphalia Rhineland 37.0 5.842 9.620 15.462 0.580
Lusatia,
Saxony Central 25.2 3.528 6.552 10.080 0.548
Germany
Saxony-Anhalt Central 12.0 1.680 3.120 4.800 0.309
Germany
Total 100.0 14.662 26.000 40.661 2.106

Source: Brachert et al. (2023, p. 70); authors’ calculations.

Accompanying the legislative procedure, the affected federal states developed strate-
gic visions (Leitbilder) for transforming the lignite mining regions that became part of the
Coal Phase-Out Act (BGBI 2020, pp. 1803-8). Lignite mining regions, although historically
existing without formal boundaries, were created as demarcated spaces of policy interven-
tion along administrative boundaries of counties only through the Coal Phase-Out Act
(Ribbeck-Lampel et al. 2023, p. 35). Two of the three lignite mining regions (Lusatia and
Central Germany) are located in more than one federal state (first and second columns
of Table 1), and new governance structures had to be set up to manage project approval
and implementation. These governance structures differ between regions (Barrett 2022,
pp- 46-49; Bartl et al. 2022a, pp. 49-52, 2022b, pp. 52-55). The opportunities for public
participation have been rather limited in these regional governance processes (cf. Herberg
et al. 2020).

The implementation of regional structural policy in the form of projects requires the
mobilization of regional actors and expertise (Biittner and Leopold 2016). Furthermore,
infrastructure projects develop in several stages, from application to planning and actual
creation to use (Fritsch 2018; Brachert et al. 2023, p. 58). The problem for the evaluation
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of actual effects of the compensatory part of the Coal Phase-Out Act is that these will be
measurable only with a considerable time lag. Projects begin and end at different times; the
causal mechanisms by which they produce their effects vary, and lags might also be due to
delays in statistical reporting (Brachert et al. 2023, p. 59). Table 2 shows that while states
made early-stage announcements of project applications (as marked “without objections”)
to the responsible Federal Office for Foreign Affairs and Export Control (BAFA) that are
slightly above the actual total budget for the first funding period, these projects will not
necessarily be approved in the end. Furthermore, states vary considerably in the extent to
which they made these early-stage announcements, indicating that the implementation of
the regional structural policy differs significantly between regions. This is also confirmed
regarding those projects that have been approved (Table 2, column 4) and for which financial
resources have already been allocated (column 6). The largest difference is between the
states with the smallest and the largest budget. While Saxony-Anhalt has already approved
projects that make up 43% of its budget, North Rhine-Westphalia has approved none.

Table 2. Use of the budget of the Coal Phase-Out Act by federal states as of 31 December 2022.

Ex-Ante Announcements of

States to BAFA on Project

Budget for Reports of the States on Approved and Completed Projects

the First Appljcationsh Ma'rkeclll with
Funding No Objections
State Mining Area Period A d Transferred Share of
(2020-2026) nnounce Share of the Approved Share of the ransierre Approved
Budget o . Project N
Budget (%) Projects Budget . Projects
Need Monies
Budget
(1) (2) 3) @) (5) (6) (7)
Million EUR ~ Million EUR % Million EUR % Million EUR %
Brandenburg Lusatia 1419.0 1934.7 136.3 163.5 11.5 22.0 13.5
Lusati 900.4 178.5 11.0 6.1
Saxony i 13860 963 " 183
Central 4344 74.8 8. 118
Germany
Saxony- Central 660.0 1082.0 163.9 283.7 43.0 53 1.9
Anhalt Germany ’ ’ ' ’ ’ ’ ’
North-Rhine gy eland 2035.0 13953 68.6 0.0 0.0 0.0 0.0
Westphalia
Total 5500.0 5786.8 105.2 700.4 12.7 47.2 6.7

Source: Brachert et al. (2023, p. 72); authors’ calculations.

In summary, the policy design of regional structural change is intended to encourage
positive expectations toward the future and according activities. This is most clearly visible
in the constitution of regional units to which this policy is targeted, the creation of new
governance structures, and the provision of public funds for regional structural change
that are added to existing programs of regional economic policy. However, it is still unclear
how individual representations of the future have changed in response to the phase-out
policy process that has been implemented already. Cross-sectional surveys in 13 coal-
or carbon-intensive regions in the EU compared, for example, the economic hardship
experienced by the regional population. Respondents in Rhineland and Central Germany
assessed economic hardship at more than one standard deviation lower than the average
of all 13 regions (Barrett 2022, p. 31; Bartl et al. 2022a, p. 33; 2022b, p. 36). A survey on
the perception of climate change mitigation policies in the German population in general
showed remarkable differences according to the income situation of respondents (Mau et al.
2023, pp. 205-43).

These surveys did not analyze how economic expectations in lignite mining regions
have developed over time, i.e., whether they have worsened following the initiation of the
coal phase-out process or not. Furthermore, it remains unclear to what extent economic
expectations and worries among residents of the remaining German lignite mining regions
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differ from those of other German regions. In the following section, we lay out a conceptual
framework for empirical analyses concerning these still-unanswered research questions.

3. Conceptual Framework for Studying Economic Worries in Lignite Mining Regions

As a starting point for our framework, we bring together sociopsychological con-
siderations on well-being and subjective economic worries (Diener et al. 2018) with the
sociological concept of imagined futures (Beckert 2016). We conceptualize subjective eco-
nomic worries to articulate pessimistic views on the future development of lignite mining
regions during clean energy transition processes. Later, we will conclude this section by
presenting two research hypotheses that will be tested based on regional and individual
data from the German lignite mining regions as well as other German regions during the
initial phase of the German coal phase-out.

3.1. Imagined Futures and Recoding Rule Sets

Actors develop expectations about the future to be able to act, coordinate, and cooper-
ate with others (Beckert 2016). They do so against the backdrop of (implicit) knowledge
about social structures, such as the distribution of resources, discursive cultural frames,
networks, institutions, normative obligations, and deliberate attempts to create expecta-
tions, for example, based on formal projections of future developments (Beckert 2016, p. 60;
Groves 2017). Specifying such deliberate attempts, it has been argued that policies that try
to align energy transitions and (spatial) social equity involve reimagining existing collective
representations of the future on the one hand and recoding rule sets for the transition
towards these reimagined futures on the other hand (Hoffman et al. 2021). During the for-
mation stage of a phase-out policy, proponents and opponents debate about the legitimacy
of the focal technology (cf. Markard et al. 2022, p. 122).

Academic scholarship, mass media, and political institutions such as parliaments are
important arenas for reimagining “sustainable futures” in general (David and Gross 2019;
Knappe et al. 2019; Durdovic 2022) and coal phase-out policies in particular (Miiller-Hansen
et al. 2021; Markard et al. 2022). Although the political economy of coal mining varies
between countries (Brauers and Oei 2020; Brauers et al. 2020), typically, “environmental
NGOs, social movements and scientists have been observed to argue in favor of phase-
out, while utility companies, coal producers and unions seek to avert or delay phase-out”
(Markard et al. 2022, p. 120). The political cleavage between economic and ecological
interests that is articulated by economic stakeholders of lignite coal mining on the one hand
and climate activists on the other hand (Kalt 2021; Krtiger 2021; Dorre 2022; Haas et al.
2022; Koster et al. 2022) is a quest for the legitimate technology of energy production of the
future. Once the phase-out policy has been adopted, it fulfills not only an instrumental but
also a symbolic function by delegitimizing ongoing investments in the established system
and reorienting involved actors towards the ultimate end-point of the desired transition
(Rinscheid et al. 2022, p. 240).

We described significant elements of the collective reimagination of the future and
the recoding of rule sets during the German coal phase-out policy in Section 2. However,
while social representations of the future take place at different social levels that interact
with each other (Cranach 1992), the effects of deliberate political attempts to shape future
expectations on subjective perceptions of the future have rarely been studied (Beckert and
Suckert 2021).

Due to the significant uncertainties in the formation of positive and negative expecta-
tions about the future, expectations are more volatile than actual events. While this could
be seen as a downside, it actually means that they are on the pulse of social change, which
makes them relevant, for example, as leading indicators of business cycles (Strigel 1977;
Abberger and Nierhaus 2007). We want to approve this feature for our regional analysis. In
economic sociology, inflationary positive expectations have been attributed a crucial role,
especially in the emergence of financial crises (Emunds 2018; Kraemer and Nessel 2015).
Yet, generalized negative expectations about the future, e.g., economic worries, might also
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lead to deflationary tendencies and a business environment that is hostile to innovation.
Such deflationary tendencies on a regional scale would counteract the structural adjustment
of the regional economy in mining areas that is politically intended by the investment
elements of the German coal phase-out policy (cf. Brachert et al. 2023).

In the following section, we will extend our analytic framework by a theoretical
concept that allows for the explanation of possible differences in the actors” susceptibility
to the narrative of the German coal phase-out and the accompanying public discourse.
We refer to the sociopsychological concepts of well-being and subjective worries as a
foundation for our later research hypotheses (Section 3.3).

3.2. Subjective Economic Worries

Subjective economic worries have originally been conceptualized as a dimension of
subjective well-being (Diener et al. 2018). Boehnke and colleagues defined worries as a
cognition that a state of an object in a certain domain “will become (become more, or
remain) discrepant from its desired state, evaluated on a range from not at all to extremely
disturbing” (Boehnke et al. 1998). Although worries have often been conceptualized as
either a cognition or an affect, they seem to defy such an opposition because they are both
cognitive and affective in nature (Rohrer et al. 2021, p. 333). Worries can refer to different
objects on a micro or macro level, and they can be addressed towards different domains of
social life, with the economic domain being one of them.

Thus, we argue that economic worries can be conceived as individual articulations
of imagined futures in the context of phase-out policies in the remaining German lignite
mining regions. In particular, economic worries are future-oriented in the sense that
individuals articulate positive or negative feelings, i.e., hopes or fears, towards social,
economic, and political developments in regions affected by current coal phase-out policies
which are unforeseeable from the actors’ points of view (cf. Glatzer 2015).

The Social Indicators Movement has strived to create a standardized information base
for policy formulation, implementation, monitoring, and evaluation that includes not only
objective indicators from official statistics but also subjective indicators (Land and Michalos
2018). As such, indicators of worries about different objects and domains are an attempt to
increase the responsiveness of the political system by providing a potential form of feedback, a
form of “statistical citizenship” (Hannah 2001). This is also the reason why standardized ques-
tions about economic worries have been developed to be included in many social monitoring
projects worldwide (e.g., in Germany: Bulmahn 2001; Iglauer et al. 2021).

However, two domains—worries about the general economic situation of the country
and individual economic worries about the private economic situation—have to be differ-
entiated (Luhmann et al. 2010). In Germany, worries about the general economic situation
peaked from 2003 to 2006 and from 2009 to 2010 before stabilizing at a comparatively low
level since 2014. This development correlates with the peak of unemployment in Germany
in the 2000s and the global financial crisis from 2008 to 2010 (Rohrer et al. 2021, p. 334).
Subjective economic worries about the private situation are stronger in the eastern part
of Germany than in the western part, while there are no major differences between these
regions regarding worries about the general economic situation (Lueders 2024). Worries
about the private economic situation increase for all income groups due to rising income
inequality (Roth et al. 2017); they are negatively correlated to income and age but positively
correlated to neuroticism (Luhmann et al. 2010, p. 759). Worries about the general economic
situation among Germans increase with age until a peak around 50 and decline afterward
(Rohrer et al. 2021, p. 338).

Often, changes in subjective economic worries are affected by critical macroeconomic
or life-course events. The Survey of Economic Risk Perceptions and Insecurity during the
Great Recession in the USA showed that experiences of economic shocks in at least one
domain as well as personal wealth as a potential buffer were important predictors of economic
worries about one’s private economic situation (Hacker et al. 2013). Other studies found that
economic worries do not depend so much on the general economic situation or the general
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unemployment rate but on the occupation-specific risk of job loss (Kayran 2020). This is in
line with a study showing that during the Great Recession, economic worries in Germany did
not increase in general but only for certain subgroups (Hower and Pfortner 2017).

3.3. Hypotheses

In conclusion, current research could not find any clear effects of macroeconomic
events on subjective economic worries about one’s private economic situation. In particular,
little is known so far about the specific effects of recent coal phase-out policies on the
development of individual economic worries in the remaining German lignite mining
regions. Thus, we formulate two competing hypotheses concerning the possible effects
of public debates during the clean energy transition on the subjective economic worries
among residents of the remaining German lignite mining regions.

On the one hand, based on the negative effects of market-driven phase-outs of coal that
are documented in the literature and that have been picked up by critics of the termination
of coal-fired energy production, it would make sense to assume that expectations about
their private economic situation deteriorate among residents of the lignite mining regions.
Thus, we would assume that personal economic worries will increase among residents of
the lignite mining regions as a reaction to the constitution of the Coal Commission in 2018
and its recommendations in early 2019, compared to residents of other regions:

H1. The probability of developing strong personal economic worries over time is significantly higher
in lignite mining regions than in other German regions.

On the other hand, as a result of the institutional work that has been invested by
different actors in reimagining future clean energy supply, it is reasonable to assume that
public discourses on clean energy transition yield optimistic imagined futures among
several stakeholders in phase-out policies. Consequently, the compensatory as well as
preventive elements of the phase-out policy to support the structural change of the affected
regions might result in a mitigation of subjective worries about one’s private economic
situation among residents of the German lignite mining regions, compared to those of other
regions:

H2. The probability of developing strong personal economic worries over time is significantly lower
in lignite mining regions than in other German regions.

Before we test these hypotheses, we describe our data, variables, and statistical meth-
ods in the following section. In this context, we also lay out our rationale for adding several
control variables to our longitudinal analyses.

4. Data and Methods
4.1. Data

For our analyses, we use data from the German Socio-Economic Panel (GSOEP). The
GSOEP is a nationwide panel study, with most of its subsamples being designed as two-
stage stratified probability samples (Goebel et al. 2019, p. 348). The panel was formed in
1984, and since then, several sample updates have been implemented. It now contains
nearly 15,000 households with about 30,000 persons in the most current waves, making it
one of the most useful databases to study the long-term effects of socio-economic transitions
on subjective attitudes and living conditions (Hartmann and Preisendorfer 2021; Goebel
et al. 2019).

We used data from the years 2016 to 2021 to capture the effects of the creation of the
Commission on Growth, Structural Change and Employment in June 2018, which discussed
possible sociopolitical and economic scenarios and consequences of the coal phase-out in
the three German coal regions (Oei et al. 2020).
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The year 2016 is a useful benchmark for measuring development of socio-economic and
climate worries in the context of the increasing public debates on coal phase-out policies
since 2018. This reference year has also been chosen for a study that strives to evaluate the
structural effects of the coal phase-out policy (Brachert et al. 2023). By then, the most serious
effects of the worldwide Great Recession on the German labor market and on individual
socio-economic worries in Germany had mostly worn off (Gehrke et al. 2019).

The full sample contained 69,441 persons with 274,812 person-years. After the dele-
tion of missing values, our final analysis sample consists of 41,387 persons with 141,708
person-years, resulting in 3.4 observed panel waves per person. Percentages of missing
values amount to about 40% for persons (Nmissing = 28,054) and 48% for person-years
(Nmissing = 133,104). Most of the missing values result from large numbers of gaps in the
participants” biographies, which are used to measure divorce events (46% missing person-
years) and job-loss events (37% missing person-years) as control variables (see Section 4.2).
However, estimates in random-effects and fixed-effects regressions, which we will use
in our later analyses (see Section 4.3), are fairly robust against this type of missing data
(Young and Johnson 2015). Furthermore, we excluded those participants in the GSOEP
who reported that they had moved their residence from a mining region to another region
or vice versa between 2016 and 2021 (n = 294). However, we studied whether movers and
stayers in lignite mining regions differ regarding subjective economic worries. For these
robustness checks, see Section 5.3 and Table A4.

4.2. Variables

Our dependent variable of interest relies on an ordinal measure of subjective worries
about the private economic situation (coding: 0 = no worries, 1 = some worries, 2 =
many worries). For our analyses, we calculated a dichotomous measure which is used in
several other studies dealing with socio-economic or climate change worries (Hartmann
and Preisendorfer 2021; Rohrer et al. 2021). Thus, the respective coding of our dependent
variable is: 0 = some or no worries, 1 = many worries.

We used the GSOEP regional dataset at the county level to measure whether inter-
viewees resided either in one of the three lignite mining regions or in another region in
Germany (Knies and Spiess 2004). We combined this information from the GSOEP regional
dataset with data from the German Federal Office for Building and Regional Planning to
identify the geographical boundaries of each mining region (Ribbeck-Lampel et al. 2023).
Table 3 shows the counties which make up each mining region and each county’s numbers
of persons and person-years. In our sample, most of the respondents lived in non-coal
regions (92%). However, the total number of cases in coal regions (3328 persons with 12,059
person-years) and a sum of 401 districts are sufficient for our hierarchical linear models
(Hox 2010).

Earlier studies indicated that several life events increase the risk of lowered general and
economic well-being due to associated material hardships and socioeconomic insecurities
(Luhmann et al. 2012). For example, divorce, separation, or death of a partner leads to
severed economic hardships, which then result in increasing subjective worries (Andrefs
and Brockel 2007; Infurna and Mayer 2019). An increasing effect on subjective economic
worries is also valid for subjective experiences of unemployment (Luhmann et al. 2014).
Thus, we control for each of these life stages by implementing two time-varying dummy
variables, with the first measuring whether persons experience spells of divorce, separation
of registered civil partnership, or death of a spouse or partner (coding: 0 = no, 1 = yes),
and the second measuring whether persons changed into unemployment during our
period of analysis (0 = no, 1 = yes). In our total sample, 16% of all person-years are those in
separation, divorce, or widowhood, and about 4% are person-years spent in unemployment
(see Table 4).
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Table 3. Territorial composition of lignite mining and other regions in the sample.

Rhineland Central Germany Lusatia Other
Burgenlandkreis * gil:ttésrsl : ’
Aachen, city region Halle (Saale) * Dahme-
Diiren ** City of Leipzig * anme- All other districts
Heinsberg ** Leipzig ** g}lage_e];\lf atld ot that are not
Monchenglad-bach * Mansfeld- e nster located in mining
Rhein-Erft-Kreis ** Siidharz ** Gorlitz ™ regions
Rhein-Kreis Neuss ** Nordsachsen ** Ober§ priewald—
Saalekreis ** Lausitz Total:
Spree-Neife **
Ndistricts 6 6 7 382 401
Npersons 1351 (3.3%) 1205 (2.9%) 772 (1.9%) 38,059 (92.0%) 41,387 (100%)
Nperson-years 4725 (3.3%) 4343 (3.1%) 2991 (2.1%) 129,649 (91.5%) 141,708 (100%)

Source: GSOEP 2016-2021. Note: Composition of regions is based on administrative districts at the local level
(Ribbeck-Lampel et al. 2023). These are either city districts (*) or rural counties (**). The city region of Aachen is
an exception because the city formed an administrative district with the surrounding county, although legally, it
would have been entitled to autonomous city status.

Table 4. Description of analysis sample (person-years).

Variables n %

Worries about the private economic situation

Many (1) 18,677 13.2

None or some (0) 123,031 86.8
Region

Coal region (1) 12,059 8.5

Other region (0) 129,649 91.5
Marital status: divorced, widowed

Yes (1) 22,641 16.0

No (0) 119,067 84.0
Labor status: unemployed

Yes (1) 6149 43

No (0) 135,559 95.7
Age: younger than 40 years

Yes (1) 47,120 33.3

No (0) 94,588 66.7
Age: 65 years and older

Yes (1) 29,348 20.7

No (0) 112,360 79.3
Total 141,708 100.0

Source: GSOEP 20162021 (unbalanced panel). Coding is in parentheses.

Furthermore, it has been shown that entering retirement causes general life satisfaction
to increase, especially among those adults who were employed instead of having been
unemployed or out of employment before retiring (Schmalzle et al. 2019; Gorry et al. 2018).
However, for countries such as Germany with strongly aging populations, transitioning
into retirement is associated with rising financial worries (Hershey et al. 2010). To control
for the effects of transition to retirement on subjective economic worries, we construct
a time-varying dummy variable which measures whether a person reaches the age of
65 or older (coding: 1) during the years of analysis or is of younger age (coding: 0). In
Germany, pension contributors who were born before 1947 were allowed to retire at the age
of 65. Since 2012, the legal retirement age has increased stepwise to 67 years for pension
contributors who were born later, between 1953 and 1964 (Deutsche Rentenverischerung
Bund 2022). However, the factual retirement age was about 64 years in 2020 (Deutsche
Rentenverischerung Bund 2022, p. 132). About 21% of the person-years are spent in the
age range of 65 years or older during the time of analysis (see Table 4).

Life-course approaches indicate that building up an occupational career as well as
investing in intimate relationships is often economically burdensome for young adults
(Blossfeld and Huinink 1991; Mills et al. 2011). Thus, it can be assumed that subjective
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economic worries are higher during emerging adulthood than during later life stages
(Brauner-Otto and Geist 2018). We therefore implement another measure for life-course
transitions from young to middle adulthood, which indicates whether a person is younger
than 40 years (coding: 1) or 40 years or older (coding: 0). From the sample descriptions,
it becomes clear that during analysis time, about one-third of the sample is younger than
40 years (see Table 4). Additionally, we use interaction terms between time-varying age
dummies and our time-constant region dummy to study possible differences between
individuals in lignite mining and other regions regarding the effects of transitioning into
retirement during analysis time.

We also considered personal net income as a possible control variable (Boes and
Winkelmann 2010). Due to large amounts of missing data on personal income, the total
sample size would be reduced by 6767 respondents. An analysis which would have used
personal net income as a covariate would, thus, not be as stable as those for our main
models. However, we decided to conduct a robustness analysis based on our second
model that included net income as a control variable (see Table A3 in the Appendix A and
Section 5.3 for these and other robustness checks).

Additionally, to control for the effects of regional macroeconomic development and
changing labor markets on subjective economic worries, we use two macro-structural
variables: the region-specific level of gross domestic product (GDP) in 1000 euros per
capita and the region-specific unemployment rate in percentage. We also control for the
percentage of the regional workforce in the lignite industry, including mining and lignite-
fired power plants (Statistik der Kohlenwirtschaft e.V 2023), which has been used by
political decision-makers as an allocation formula for the compensation of lignite mining
regions (cf. Bickman 1987). Descriptives of these macroeconomic indicators are presented
in Section 5.1.

4.3. Analytical Strategy and Statistical Approaches

The main aim of our empirical analyses is the study of temporal developments of
personal economic worries in the remaining lignite mining and other German regions.
Furthermore, we compare the probabilities of strong subjective worries about the private
economic situation of residents of lignite mining regions to those of other regions during
the debates on German phase-out policies between 2016 and 2021. In the results section, we
first describe the macro-structural characteristics of the regions under consideration, as well
as the time patterns of subjective economic worries between 2016 and 2021. Throughout
our descriptive analyses, we use design weights, which are delivered for each GSOEP wave
(Goebel et al. 2019).

For our multivariate panel analyses, we used three-level random intercept logit regres-
sion analyses, which partially control for unobserved heterogeneity due to time-constant
covariates of each participant. Therefore, we implement random intercepts at the partici-
pant and district levels (Arranz Becker and Hank 2022, p. 352). We report average marginal
effects (AME), which show the average probability of the dependent variable to have a
value of 1 (strong economic worries), given that the independent variable changes by one
unit (Andrefd et al. 2013).

We added year dummies to our models to control for time-trends of subjective eco-
nomic worries in all of our regression models (reference year: 2016). Furthermore, we
applied interaction terms between these year dummies and the region measure. Thereby,
we could highlight possible region-specific effects of the coal phase-out policy and asso-
ciated public debates on subjective economic worries (Andrefs et al. 2013, p. 186). In the
second multivariate model, we control for important life events (divorce and unemploy-
ment) as well as entering retirement, while in our third model, we additionally control for
macro-structural developments (regional GDP per capita, regional unemployment rate).

In our robustness analyses (see Section 5.3 and Appendix A), we calculated a difference-
in-difference regression to strictly test for the average treatment effect on the treated, here,
persons living in mining regions during the working period of the Coal Commission (Hsiao
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2014). Additionally, we calculated fixed effects regressions based on the (time-variant)
measures of our hierarchical linear models to control for unobserved heterogeneity solely on
the individual level (Allison 2009; Hox 2010). However, results from these computations did
not differ profoundly from those of our main analyses (see Tables A1 and A2). Furthermore,
we conducted robustness checks for personal net income on subjective economic worries
and for differences between persons moving into or out of mining regions and those who
stayed in these regions during the time of analysis (see Tables A3 and A4).

Our analytical strategy focuses on intraindividual changes of subjective economic
worries among residents of the three German lignite mining regions, compared to those of
other regions in Germany. This approach might, to some extent, suffer from the shortcom-
ings of “methodological territorialism” (Faludi 2013), i.e., our analyses do not control for
spatial dependency. These and other limitations of our method will be addressed in the
final section of our contribution.

5. Empirical Results
5.1. Descriptive Analysis

The historical trajectory of coal regions leaves its traces in manifold regional differences
(Obschonka et al. 2018). To a certain extent, structural disadvantages are also observable
in the three German lignite mining regions (see Table 5). Most strikingly, average unem-
ployment rates are higher in each of the remaining lignite mining regions than in the other
German regions from 2016 to 2021. Also, GDP per capita in the lignite mining regions is
lower than in the other German regions. With an average GDP per capita of about 33,600
euros, the Rhineland had the largest economic power among the lignite mining regions
during the time of analysis. Besides challenges due to clean energy transition processes,
these results indicate a long-known German east-west divide in economic power (Biewen
2000). Among the coal regions, the share of the workforce in the lignite industry is most
relevant in Lusatia.

Extending on this macro-structural perspective, time patterns of subjective economic
worries are important indicators of individual responses to the politics of expectations of
different stakeholders during clean energy transitions (see Figure 1). Overall, in each of the
lignite mining regions as well as in the other German regions, percentages of people who
are strongly worried about their private economic situation show slightly negative trends
between 2016 and 2021. In 2016, at the beginning of the analyzed period, Central Germany
had the highest share of people (19%) who reported strong subjective worries about their
private economic situation. Up to 2018, the year when the Coal Commission took up work,
the percentages of strongly worried persons decreased to 13% in Central Germany and to
about 10% each in the Rhineland, in Central Germany, and in non-lignite-mining regions.
This is rather surprising, as the public discourse in the national press on the coal phase-out
increased in this period, being most polarized in 2018 and peaking in 2019 (Markard et al.
2022, p. 130; Bartl et al. 2022a, p. 106). In 2019, the percentage of respondents with many
economic worries only increased in the Rhineland region, from 10% to 17%. However,
it decreased again to about 10% in 2020 and even further in 2021. In each other region,
percentages remained mostly stable from 2018 to 2021.

All in all, there is no descriptive evidence for increased subjective economic wor-
ries in the German lignite mining regions during the period of heated public discourses
on coal phase-out and clean energy transition. Furthermore, trajectories in each region
approximately resemble slightly negative, linear trends, which is appropriate for the imple-
mentation of hierarchical linear regression models (Hox 2010).
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Table 5. Regional GDP per capita, unemployment rates, and share of workforce in the lignite industry.

Variables Mean SD
Coal region: Rhineland
Average GDP per capita (in 1000 euros) 2016-2021 33.6 4.8
Average unemployment rate (percent) 2016-2021 7.2 2.0
Share of workforce in the lignite industry (percent) 0.8 0.1
Coal region: Central Germany
Average GDP per capita (in 1000 euros) 2016-2021 31.7 5.7
Average unemployment rate (percent) 20162021 79 1.7
Share of workforce in the lignite industry (percent) 0.3 0.0
Coal region: Lusatia
Average GDP per capita (in 1000 euros) 20162021 28.7 39
Average unemployment rate (percent) 20162021 7.6 1.8
Share of workforce in the lignite industry (percent) 1.7 0.1
Other regions
Average GDP per capita (in 1000 euros) 2016-2021 40.5 17.6
Average unemployment rate (percent) 20162021 5.8 2.7
Share of workforce in the lignite industry (percent) 0 0

Source: GSOEP 20162021 (including design weights). Coding is in parentheses. SD = standard deviation.
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Figure 1. Worries about the private economic situation in lignite mining and other German regions.
Source: GSOEP 20162021 (including design weights).

5.2. Multivariate Analyses

In our multivariate panel analyses, we test the assumption that public debates on the
German coal phase-out policy, e.g., during the institutional work of the Coal Commission
(from 6 June 2018 to 31 January 2019), caused subjective economic worries among residents
in lignite mining regions to differ from those of residents in other German regions (see
Table 6). To that end, we conduct three-level random intercept logit regression analyses
with interactions between region and year dummies.

In accordance with the descriptive findings, the AMEs for the time dummies as well
as for interaction terms between regions and the year dummies are negative for each
year, compared to 2016. Thus, probabilities of strong worries about the private economic
situation decrease during the time of analysis. These are indicated by negative (statistically
insignificant) AMEs for interaction terms between each year of analysis and the dummy,
measuring whether people live in coal mining regions (1) or not (0). Furthermore, the main
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effect of our region dummy is fairly low and statistically not significant (AME = 0.014,
p = 0.189). These results remain stable when control variables are included at the individual
and district levels (see models 2 and 3 in Table 6). Thus, our first hypothesis (higher
economic worries in coal regions than in other regions) as well as our second hypothesis
(lower economic worries in coal regions than in other regions) have to be refuted. Our
empirical analyses do not show any significant differences in the development of strong
personal economic worries between residents of lignite mining regions and those of other
German regions.

Next, we inspect estimates for our control variables. In accordance with well-being
research (Luhmann et al. 2012), we find significant effects of critical life events on economic
worries in our second model. Persons who experience phases of divorce, partnership
dissolution, or death of their partner have a significantly higher probability of strong
economic worries than those who are in a romantic relationship, in marriage, or who are
single (AME = 0.050, p < 0.001). Individuals who transition into unemployment during the
time of analysis have a significantly higher probability of strong personal economic worries
(AME = 0.043, p < 0.001), while those who reach retirement age have a significantly lower
probability of strong economic worries (AME = —0.087, p < 0.001). Furthermore, younger
adults have slightly higher probabilities of high subjective economic worries than those
who transition into middle adulthood (AME = 0.014, p < 0.001). However, there are no
significant interaction effects, either in model 2 or model 3, for persons who live in a lignite
mining region and who reach the age of 65 or 40.

In the third model, there is a significant positive effect of district unemployment rates
on probabilities: the probability of strong economic worries increases by 0.004 AME-points
(p < 0.001) with each percentage increase in district unemployment rates. There are no
statistically significant associations between subjective economic worries and regional gross
domestic product or shares of workforce in lignite mining, respectively. Furthermore, the
year dummies in each model indicate significantly lower probabilities of yielding strong
worries about one’s private economic situation in each region compared to the reference
year of 2016. All in all, we did not find any evidence that the adoption of the lignite
phase-out policy and the accompanying public discourse affected subjective economic
worries among residents of German mining regions, either to increase or to decrease. This
result is in accordance with earlier international studies on effects of macrosocial shocks
and subjective economic worries (Kayran 2020; Hower and Pfoértner 2017). The evidence
on effects of critical life phases as well as of regional unemployment rates is mostly in
accordance with the current state of research in the respective fields of research, as well
(Luhmann et al. 2012; Schmaélzle et al. 2019; Infurna and Mayer 2019).

Table 6. Worries about the private economic situation in lignite mining regions, 2016-2021.

(V)] (2) 3)

Variables AME SE p AME SE p AME SE p
Mining region (Ref.: other) 0.014 (0.01) 0.189 0.012 0.01) 0.297 —0.008  (0.02) 0.645
Mining region x Year (Ref.:
other regions, 2016)
Mining region x 2017 0.010 (0.01) 0.232 0.009 (0.01) 0.277 0.011 (0.01) 0.205
Mining region x 2018 —0.001  (0.01) 0.874 —0.001 (0.01) 0.883 0.001 (0.01) 0.887
Mining region x 2019 —0.003  (0.01) 0.742 —0.002 (0.01) 0.784 0.002 (0.01) 0.833
Mining region x 2020 —0.004 (0.01) 0.690 —0.004 (0.01) 0.633 0.001 (0.01) 0.938
Mining region x 2021 —0.009  (0.01) 0.355 —0.009 (0.01) 0.375 —0.007  (0.01) 0.514

Region GDP per capita
Region unemployment rate

0.000 (0.00) 0.171
0.004 (0.00) 0.000

*%%
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Table 6. Cont.

) (2 3)
Variables AME SE p AME SE p AME SE p

Share of workforce in lignite

industry

Marital status: divorced,

separated, widow (Ref.: no)
Yes 0.050 *** (0.00) 0.000 0.050 (0.00) 0.000

*X%

0.010 0.01) 0478

Labor status: unemployed
(Ref. employed)

Yes 0.043 *** (0.00) 0.000 0.043 (0.00) 0.000
L2
Younger than 40 years (Ref.: no)

Yes 0.014 *** (0.00) 0.000 0.014 (0.00) 0.000
65 years or older (Ref.: no)

Yes —0.087 *** (0.00) 0.000 —0.088  (0.00) 0.000
Mining region x Age < 40 0.009 (0.01) 0.314 0.009 (0.01) 0.312
Mining region x Age > 65 —0.002 (0.01) 0.904 —0.002  (0.01) 0.901
Year dummies (Ref.: 2016)

2017 0.000 (0.00) 0.846 0.001 (0.00) 0.693 0.003 (0.00) 0.296

—0.044 —0.039
2018 b (0.00) 0.000 —0.043 *** (0.00) 0.000 i (0.00) 0.000
—0.024 —0.016
2019 b (0.00) 0.000 —0.020 *** (0.00) 0.000 i (0.00) 0.000
—0.027 —0.023
2020 b (0.00) 0.000 —0.024 *** (0.00) 0.000 e (0.00) 0.000
—0.024 —0.030
2021 b (0.00) 0.000 —0.021 (0.00) 0.000 e (0.00) 0.000
0.041 0.027
Constant o (0.00) 0.000 0.043 *** (0.00) 0.000 i (0.00) 0.000
Random Intercept Variances
Level 3: Districts 0.263 (0.03) 0.247 (0.03) 0.204 (0.03)
Level 2: Respondents 6.685 (0.18) 5.939 (0.16) 5.937 (0.16)
n (districts) 401 401 401
n (persons) 41,387 41,387 41,387
n (person-years) 141,708 141,708 141,708
Log likelihood —46,944 .41 —46,417.95 —46,401.13
LR Chi? (df) 457.09 *** (14) 1421.52 *** (20) 1459.36 *** (23)
AIC 93,916.81 92,875.90 92,848.27
BIC 94,054.87 93,073.13 93,075.08

Source: GSOEP 2016-2021. Three-level random intercept logit regressions with average marginal effects (AME).
SE = standard error; p = exact significance. * p < 0.05, ** p < 0.01, *** p < 0.001.

5.3. Robustness Analyses

To check the robustness of our multivariate results, we calculated a difference-in-
difference model which tested for average causal effects for persons who lived in one of the
three coal-mining regions during the time of the implementation of the Commission on
Growth, Structural Change and Employment (see Table A1 in the Appendix A). Addition-
ally, we controlled for each of the individual and contextual variables from our main model.
The average treatment effect on the treated for the region dummy is slightly negative, albeit
statistically insignificant (Coef. = —0.005, p = 0.840). Except for the district-specific unem-
ployment rate and the dummy indicating persons during emerging adulthood (younger
than 40 years), which are each statistically insignificant, the effects of each other control
variable remain stable.

Based on our main hierarchical regression models, we also conducted fixed effects
logistic regression models as an additional robustness check to control for unit-specific
unobserved heterogeneity solely (see Table A2 in the Appendix A). Thereby, we ignored
the multilevel structure of our data but controlled for each possible time-constant covariate.
However, these robustness checks did not show any remarkable alterations to the results
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of our main analyses. Again, interaction effects between year dummies and the region
dummy (persons living in or outside coal mining regions) are statistically insignificant,
indicating no increases in probabilities of strong subjective economic worries during the
implementation of the coal phase-out policy among residents of lignite mining regions
compared to those of all other German counties.

We conducted another robustness check, which included personal net labor income
as a time-varying covariate (measured in 1000 euros; see Table A3) in a logistic fixed-
effects regression. The results of this robustness check turned out to be similar to the
effect of employment status in our main analysis, with net income having a significant
negative effect on probabilities of subjective economic worries (AME = —0.052, p < 0.001).
Thus, decreasing personal labor income significantly affected the probabilities of strong
subjective economic worries increasing between 2016 and 2021. Notice that the covariate
which measured whether respondents experienced job loss had to be omitted from this
robustness check due to collinearity with net labor income.

Finally, we studied whether people who moved from lignite mining to other regions
between 2016 and 2021 systematically differed from those who stayed (Table A4). In
our logistic random-effects regression, stayers are the reference category, with movers
amounting to 294 persons (not depicted in Table A4). There is a slightly positive coefficient,
indicating that movers have a somewhat higher probability than stayers to exhibit strong
worries about their private economic situation; however, this coefficient is not statistically
significant (AME = 0.001, p = 0.944). These results indicate that the coefficients in our main
analyses are robust against the exclusion of movers from the analysis sample. However,
based on larger samples, future studies should consider testing the effects of clean energy
transitions and intraindividual changes in economic worries on spatial mobility for lignite-
mining reasons.

6. Discussion and Conclusions
6.1. Main Findings and Practical Implications

Coal phase-out policies constitute an important element of clean energy transitions
which poses severe economic and socio-structural challenges, especially in regions with a
long tradition of energy production based on lignite mining, carbon-intensive industries,
or both (Strambo et al. 2019; Diluiso et al. 2021; Abreu and Jones 2021). Based on theoretical
literature on imagined futures and the recoding of rule sets, we studied the effects of the
German coal phase-out policy on subjective economic worries in the three active German
lignite mining regions. These regions are directly affected by the planned closures of
the existing open pit mines but have also been formally constituted as spaces of policy
intervention with newly created governance structures. They have been assigned significant
public funds for initiating a regional structural transformation through innovative projects
that come on top of existing regional policy funds for structurally weak regions (Brachert
et al. 2023).

Against the backdrop of the visions for a regional structural transformation and the
significant state support codified in the Coal Phase-Out Act, we formulated competing
hypotheses about the subjective interpretation of the phase-out policy and the related
public discourse. Interestingly, our results show no major differences in the development of
individual worries about the private economic situation between residents of lignite mining
regions and those in the rest of Germany. Thus, based on our empirical analyses, our two
hypotheses which posited (contradictory) effects of the recent German coal phase-out policy
on subjective economic worries have to be falsified.

According to our theoretical framework, the institutional work invested in the design
of the phase-out policy by different actors might have contributed to the attenuation of
the most severe economic burdens that lignite mining regions are confronted with during
clean energy transitions. For example, the recoding of rule sets has preventively started
to channel significant investments in the lignite mining regions to initiate alternative uses
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of existing open-pit mining and coal-fired power stations in the German lignite mining
regions.

Therefore, residents of other regions who might be subject to future energy transitions
could profit from timely compensation programs, such as in the case we investigated.
However, region- and period-specific circumstances of future sustainability transition
policies should cautiously be taken into consideration by political decision-makers. For
example, it is an open question whether the stability of subjective economic worries in
lignite mining regions during the initiation of the coal phase-out policy is solely the result
of compensatory programs for regional structural change. While lignite mining regions are
part of the larger area for which regional structural policies have already existed, the public
funds of the phase-out policy are specifically targeted to them. Therefore, the compensatory
regional policy of the Coal Phase-Out Act could be interpreted as an example of a group-
specific recognition mechanism that is based on spatial boundary-making, that is, the
creation of new spatial units as targets for policy intervention. Research on the perception
of labor market policies suggests, for instance, that policies that are perceived as targeted
exclusively toward one’s own group signal particular group recognition and are therefore
more valued by the affected groups (Biirgisser et al. 2023, p. 6). However, to a certain extent,
it could also be argued that the relative stability of economic worries in the affected regions
reflects a generalized trust of the population in the German political economy. Clarifying
the exact causal relationship between regional policies and subjective economic worries
should be addressed in future studies.

Our results extend the empirical focus of current debates on a persisting conflict
between ecological concerns and economic interests (e.g., Dorre et al. [2020] 2022). It appears
that the perceived trade-off between environmental and general economic worries that was
observed on an aggregate level in Germany for a long time, and that has disappeared since
the early 2000s (Hartmann and Preisendorfer 2023), has also lost its relevance regarding
personal economic worries. Apparently, environmental concerns and imaginations of clean
energy supply might have come to be hegemonic in public discourse, thus mitigating
personal economic worries in regions affected by the coal phase-out. This interpretation
is supported by the fact that national public discourse became less polarized after the
work of the Coal Commission and more supportive of the coal phase-out (Markard et al.
2022, p. 130). Scant evidence from surveys in Central Germany and Lusatia suggests that
attitudes toward the phase-out have been more controversial at the regional level (MDR
2022, 2023).

However, regional developments do not tell the whole story. Critical life events, such
as experiencing phases of partnership dissolution or the death of a partner, as well as
phases of transitioning into unemployment, significantly increase the probability of strong
personal economic worries. We used transitions into unemployment as an alternative
to income variables. In this sense, our results are consistent with studies that showed
differences in the evaluation of climate change mitigation policies according to income
inequality (Mau et al. 2023). Furthermore, the probability of strong subjective economic
worries increases for individuals who live in regions with rising unemployment rates.
Interestingly, the probability of strong subjective economic worries decreases significantly
among persons in lignite mining regions who reach the age of retirement compared to
similar persons in other regions.

6.2. Future Research and Methodical Limitations

Lignite phase-out policies have been initiated in several European countries and will
gradually unfold during the years to come, posing several challenges for the affected
mining regions (Holman 2023). Therefore, a promising avenue for further research would
be to conduct international comparisons of policy effects on individuals” economic situation
at the regional level. While the survey program of EU statistics on income and living
conditions (EU-SILC) contains information on material deprivation, the respective item
captures the ability to “make ends meet” at the time of the interview, not economic worries



Soc. Sci. 2024, 13, 339

18 of 26

(Eurostat 2022, p. 155). Although it could be argued that such an item is more valid
than future-oriented items on economic worries, items on material deprivation have the
disadvantage that effects can be expected only with a considerable time lag. In Germany,
for example, the regional phase-outs will be concluded in 2030 and 2038, respectively.

Future studies should also consider analyzing possible mechanisms that might lead
to changing economic worries due to socially selective effects of compensation policies in
lignite mining regions. Specifically, it is reasonable to assume that women who transition
to retirement might be more vulnerable to economic uncertainties because they participate
in the labor market to a lower degree than men (Madero-Cabib and Fasang 2016). Future
studies should, thus, focus on gendered effects of clean energy transitions, especially in
lignite mining regions, which might become relevant in the context of future closures of coal
mines. Also, effects among other vulnerable groups, such as persons with low education
or immigrants, should be considered in future studies. Therefore, qualitative analyses
might be an appropriate way to study the repercussions of clean energy transitions among
members of specifically vulnerable socio-demographic groups.

Furthermore, regarding the period analyzed in this article, it could also be the case that
economic worries might have changed under the additional risk of energy shortages due to
the full-scale Russian war against Ukraine that began on 24 February 2022. A survey from
2022 suggests at least that support for climate change mitigation policies has not decreased
due to the Russian invasion (Rinscheid and Koos 2023). Based on more recent waves of the
GSOEP than those which were available for the present study, future studies should take
the possible period-effects of the war against Ukraine into consideration.

Our operationalization of lignite mining areas followed the territorial definition codi-
fied in the Coal Phase-Out Act. This is also consistent with other studies on this issue (e.g.,
Brachert et al. 2023). However, it might be argued that such a “methodological territorial-
ism” (Faludi 2013; Walsh 2014) ignores the internal spatial heterogeneity of these regions
(Ribbeck-Lampel et al. 2023, pp. 13-14). Future studies could address this desideratum. We
stuck to the formal definition of lignite mining regions because it has objectively become
a significant element of social reality, and this definition also provides for comparability
with other studies using the same spatial scale. Further investigation of personal economic
worries from a spatial perspective appears to be especially timely because spatial cleav-
ages have regained political salience since the electoral successes of neo-nationalist parties
(Kraemer 2018) were interpreted in geographic terms (Rodriguez-Pose 2018; Deppisch
2019; Bobzien 2021; Pike et al. 2023). In Germany, the popularity of the Alternative for
Germany (Alternative fiir Deutschland, AfD), which capitalizes on dystopian images of a
deindustrialized country due to the coal phase-out, should also be considered in future
studies. Our results on personal economic worries are not easily compatible with ongoing
debates on whether economic worries or other domain-specific attitudes such as worries
about immigration might fuel the increasing popularity of the AfD among German voters
(Arzheimer and Berning 2019; Baron and Gortz 2023).

Generally, the time of analysis was restricted to only the three years since the quasi-
treatment event, the working period of the so-called German Coal Commission, had
occurred. Replication studies which will make use of a longer time period since the event
are, thus, very welcome. Analyses based on future waves of the GSOEP should take the
aspects we discussed in this last section into consideration.
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Appendix A

Table A1l. Worries about the private economic situation in lignite mining regions, 2016-2021
(Difference-in-Difference Regression).

Variables Coef. SE p
Mining region (Ref.: other)

Coal region (average treatment effect of the treated) —0.005 (0.02) 0.840
Region GDP per capita 0.000 (0.00) 0.422
Region unemployment rate 0.001 (0.00) 0.349
Marital status: divorced, separated, widow (Ref.: no)

Yes 0.021 ** (0.01) 0.009

Labor status: unemployed
(Ref. employed)

Yes 0.036 *** (0.00) 0.000
Younger than 40 years (Ref.: no)
Yes —0.006 (0.01) 0.356
65 years or older (Ref.: no)
Yes —0.016 * (0.01) 0.012
Year dummies (Ref.: 2016)
2017 0.005 (0.00) 0.053
2018 —0.039 *** (0.00) 0.000
2019 —0.017 *** (0.00) 0.000
2020 —0.023 *** (0.00) 0.000
2021 —0.028 *** (0.00) 0.000
n (person-years) 141,708
n (persons) 41,387

Source: GSOEP 2016-2021. Logistic difference-indifference regressions with average marginal effects (AME). SE =
standard error; p = exact significance. * p < 0.05, ** p < 0.01, ** p < 0.001.

Table A2. Worries about the private economic situation in lignite mining regions, 2016-2021 (Fixed
effects regressions).

()] (2 (3)

Variables AME SE p AME SE p AME SE p

Mining region x Year (Ref.:

other regions, 2016)
Mining region x 2017 0.050 (0.03) 0.081 0.049 (0.03) 0.090 0.053 (0.03) 0.073
Mining region x 2018 0.015 (0.03) 0.638 0.017 (0.03) 0.585 0.021 (0.03) 0.500
Mining region x 2019 0.000 (0.03) 0.945 0.006 (0.03) 0.849 0.010 (0.03) 0.764
Mining region x 2020 0.008 (0.03) 0.794 0.011 (0.03) 0.738 0.014 (0.03) 0.663
Mining region x 2021 —0.004 (0.04) 0.905 0.002 (0.04) 0.965 —0.001  (0.04) 0.985
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Table A2. Cont.

(V)] (2) 3)

Variables AME SE p AME SE p AME SE p
Region GDP per capita 0.001 (0.00) 0.594
Region unemployment rate 0.002 (0.00) 0.501
share of workforce in the lignite 0055 (0.07) 0452
industry

Marital status: divorced,
separated, widow (Ref.: no)
Yes 0.065 ** 0.02) 0.002 0.066 **  (0.02) 0.002
Labor status: unemployed
(Ref. employed)

0.098
Yes 0.098 *** (0.01) 0.000 i (0.01) 0.000
Younger than 40 years (Ref.: no)
Yes —0.030 (0.02) 0.149 —0.032  (0.02) 0.127
65 years or older (Ref.: no)
—0.087
Yes —0.085 ** (0.03) 0.003 ** (0.03) 0.003
Mining region x Age < 40 0.024 (0.05) 0.632 0.044 (0.06) 0.442
Mining region x Age > 65 —0.056 (0.09) 0.510 —0.053  (0.09) 0.544
Year dummies (Ref.: 2016)
2017 0.011 (0.01) 0.223 0.010 (0.01) 0.229 0.011 (0.01) 0.231
—0.143
2018 —0.143 *** (0.01) 0.000 —0.143 *** (0.01) 0.000 i (0.01) 0.000
—0.062
2019 —0.064 *** (0.01) 0.000 —0.063 *** 0.01) 0.000 i (0.01) 0.000
—0.085
2020 —0.085 *** (0.01) 0.000 —0.084 *** 0.01) 0.000 i (0.01) 0.000
—0.098
2021 —0.091 *** (0.01) 0.000 —0.090 *** 0.01) 0.000 ok (0.01) 0.000
n (person-years) 35,604 35,604 35,604
n (persons) 7902 7902 7902
Log likelihood —13,155.88 —13,112.44 —13,111.70
LR Chi? (df) 425.40 *** (10) 512.30 *** (16) 513.77 *** (19)
AIC 26,331.77 26,256.87 26,261.40
BIC 26,416.57 26,392.56 26,422.52

Source: GSOEP 2016-2021. Logistic fixed-effects regressions with average marginal effects (AME). SE = standard
error; p = exact significance. * p < 0.05, ** p < 0.01, *** p < 0.001.

Table A3. Subjective economic worries, robustness check controlling for personal net income (indi-
vidual level).

Variables AME SE p
Mining region X Year (Ref.: other regions, 2016)
Mining region x 2017 0.053 (0.04) 0.132
Mining region x 2018 0.010 (0.04) 0.803
Mining region x 2019 0.003 (0.04) 0.920
Mining region x 2020 —0.009 (0.04) 0.809
Mining region x 2021 —0.026 (0.04) 0.564
Personal net income (in 1000 euros) —0.052 *** (0.03) 0.000
Marital stat.: divorced, separated, widowed
(Ref.: no)
Yes —0.046 (0.03) 0.082
Younger than 40 years (Ref.: no)
Yes —0.012 (0.02) 0.607

65 yrs. or older (Ref.: no)
Yes —0.063 (0.05) 0.198
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Table A3. Cont.

Variables AME SE p

Mining region x Age < 40 0.047 (0.06) 0.469

Mining region x Age > 65 0.153 (0.16) 0.344

Year dummies (Ref.: 2016)
2017 0.013 (0.01) 0.238
2018 —0.134 *** (0.01) 0.000
2019 —0.047 *** (0.01) 0.000
2020 —0.040 ** (0.01) 0.001
2021 —0.053 *** (0.01) 0.000

n (person-years) 21,328

n (persons) 5092

Log likelihood —7773.91

LR Chi? (df) 319.12 *** (16)

AIC 15,579.81

BIC 15,707.30

Source: GSOEP 2016-2021. Logistic fixed-effects regression with average marginal effects (AME). SE = standard
error; p = exact significance. * p < 0.05, ** p < 0.01, *** p < 0.001.

Table A4. Worries about private economic situation among movers from lignite mining regions.

Variables AME SE p
Movers (Ref.: stayers)
Movec.1 from lignite mining region to 0.001 (0.02) 0.944
other region
Year dummies (Ref.: 2016)
2017 0.001 (0.00) 0.579
2018 —0.042 *** (0.00) 0.000
2019 —0.023 *** (0.00) 0.000
2020 —0.026 *** (0.00) 0.000
2021 —0.023 *** (0.00) 0.000
Constant —3.066 *** (0.03) 0.000
n (person-years) 148,524
n (persons) 42,403
Log likelihood —49,148.19
LR Chi? (df) 451.39 *** (8)
Rho 0.648

Source: GSOEP 2016-2021. Logistic random-effects regression with average marginal effects (AME). SE = standard

error, p = exact significance, CI = confidence interval. * p < 0.05, ** p < 0.01, *** p < 0.001.

Notes

1

The three still active lignite mining regions in Germany are the Rhineland (Rheinland), Central Germany (Mitteldeutschland),

and Lusatia (Lausitz). Most of the smaller lignite mines around the town of Helmstedt in Lower Saxony have been active from
the 1920s to the early 1990s. In this region, the only open-pit mine (Schéningen) that has been active recently closed down in 2016.
Thus, the Helmstedt region is not counted as a lignite mining region in our analysis.

The legislative package consisted of the Act to Reduce and End Coal-Fired Power Generation (Gesetz zur Reduzierung und

zur Beendigung der Kohleverstromung), the Coal Regions Investment Act (Investitionsgesetz Kohleregionen), and the Structural
Reinforcement Act for Mining Regions (Strukturstirkungsgesetz Kohleregionern).

While Glatzer categorized worries as an evaluation of present situations, semantically, the notion actually refers to the future.

This becomes especially transparent with a view to the explicit wording of one of the first standardized items that introduced
worries as a concept into social research: “What are your fears and worries about the future?” (Cantril and Free 1962, p. 9).
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