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Abstract:
This study analyzes the formation and spatial structure of anti-wind-farm citizens’ initiatives (CIs) as a
result of the development of wind turbine generators (WT) in Germany over the last three decades. It
offers a novel, spatiotemporal view of the intensely discussed tension between WT and citizens’
perceptions of them. Using a new dataset and employing survival models, the study explores for the
first time the co-development of WT and anti-wind initiatives, considering a wide range of regional
socio-economic factors and multiple periods. The results confirm a rapidly growing dynamic of the
establishment of local opposition, which the magnitude of locally existing WT and proximity to
established anti-wind farm initiatives strongly drives.
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1. Introduction
In recent years, the use of renewable energies has become one of the most promising approaches to
mitigating the negative effects of climate change. A key pillar in this process is the expansion of wind
energy, a major contribution to the supply of CO2-neutral electricity generation [1]. However, while wind
energy in Germany has developed strongly over the last two decades, the construction of new wind
turbine generators (WT) has stagnated since 2017, due to strict rules for planning new WT and to
successful protest [2]. The number of newly installed WT has fallen to its level prior to the introduction
of the Renewable Energies Act in 2000 [3]. The reasons for this are manifold and attributable inter alia
to the amendment of the funding conditions, as well as complex approval procedures and political land
restrictions. Also, the seemingly dwindling public acceptance [4] seems to increasingly dominate the
discussion about wind-energy expansion in Germany [5] and many other countries [6, 7, 8]. While wind
energy generally had high levels of social support at the time of the first scientific surveys [9, 10, 11, 12],
the increasing number of WT from 9,000 in the year 2000 to approximately 30,000 in 2020 [13] has
given rise to more negative public sentiments, in particular among individuals living close to them [14].
The contemporary literature has extensively debated this "gap" [15] between generally high social
acceptance of wind energy and the growing local resistance toward particular projects. However,
existing research differs greatly in terms of spatial scale (project-based to country-level) and theoretical
approaches (social justice to NIMBY debates) [15, 16, 17, 18, 19, 20, 21, 22].
The aim of our investigation is to identify the role of regional factors in the formation of anti-wind citizen
initiatives (CIs), as well as their influence on the erection of new WT. Therefore, our analysis extends
the contemporary literature by examining the formation of local opposition towards WT in Germany,
from a spatial and temporal perspective. We simultaneously analyze the fundamental relationship of
spatial and structural factors in the construction of WT to the formation of a CI against WT and quantify
the field of tension between these two. While the literature has already discussed in depth the
underlying mechanisms of rejecting WT [7, 23, 24, 25, 26, ], it offers only rudimentary insights into the
spatial emergence of anti-wind-farm protests and the attendant significance of socio-spatial factors.
The present study addresses this gap using a novel data set on German municipalities and survival
regressions. More precisely, we investigate whether and, if so, to what extent the construction of WT
promotes the subsequent formation of CIs. We also test whether established initiatives impact the
construction of new WT and self-reinforcing neighborhood effects characterize the formation of CIs.
Our study features a comprehensive overview of the past and current spatiotemporal structure of CIs
and confirms a rapidly growing dynamic of local opposition in relation to the expansion of wind energy
in Germany. We also quantify the influence of spatial and structural factors on the construction of WT
and the formation of local opposition and their spatial-impact radius. Our findings confirm that CIs could
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form as a reaction to new WT, especially in the vicinity of ~10 km, and they have a strong negative
influence on the construction of new WT in their surroundings.
The paper’s structure is as follows. Section 1 reviews the underlying theoretical approach to
understanding the acceptance of WT (chapter 1.1) and presents corresponding empirical evidence for
Germany (chapter 1.2). Chapter 2 features a detailed description of our novel data set, its origin and
structure, as well as additional variables we used. In chapter 3, we introduce our methodological
approach, and chapter 4 presents our findings. In chapter 5, we conclude our study by expressing
recommendations for further action.
1.1.

Acceptance of WT and formation of local opposition

While the German public generally perceives positively the development of renewable energies [27, 28,
29] and wind energy in particular [29], sentiment concerning the establishment of new WT at the local
level has become increasingly negative in recent years [14, 30, 31]. In many cases, this has translated
into active anti-wind-turbines protest movements that not only oppose the (local) construction of WT
but also reject acceptance-promoting planning approaches [9]. Consequently, project developers must
consider in advance the social and nontechnical challenges [32] that increasingly determine the local
population’s acceptance of built WT.
As is the case for any other spatially significant land use, WT induce a wide range of direct and indirect
effects that may raise conflicts with the local population [7]. According to Wüstenhagen et al. [28] and
Langer et al. [29], the several reasons for rejecting WT fall into categories of those relating to “personal
characteristics,” “technical and geographical issues,” and “perceived side effects.” For instance, Jobert
et al. [35] show that while participation instruments can mitigate conflict-ridden planning processes,
the general perception of WT is of so-called "Locally Unwanted Land Uses" (LULUs) (see also [36]).
Consequently, the local population tends to reject them [37, 38]. According to Popper [39], LULUs are
technical installations that are necessary from a regional or national perspective but have a permanent
(or, at least, long-lasting) negative impact on their immediate environment, and therefore, the local
population rejects them. Conceptualizing WT as LULUs provides a more complete and less distorted
perspective than the rather one-dimensional [40] and negatively biased [17, 19] idea of the NIMBY
syndrome. Swofford/Slattery [25] even recommend “abandoning the use of the term at media,
institutional and decision-making levels.”
WT in Germany are a prime example of LULUs, as national aims to increase renewable energy
production promote and support them, but the local population may perceive them as oppressive, due
to their adverse effects. According to Selle [36], such a spatial conflict may produce "losers" and will
therefore "always encounter sustainable resistance," due to the fact that some places are highly suitable
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for WT installation because of high wind speeds. As they maintain the minimum distance to residential
and other relevant buildings, WT are often highly concentrated in specific areas. Therefore, a fair
distribution of WT across the country is nonexistent and they affect the rural more than the urban
population. Also, most local people do not participate in the economic success of the installation and
operation of WT, leading to even lower acceptance rates [41]. However, the mindset of the population,
project leaders’ participation processes, and adaptation to history and local characteristics in the
planning process strongly shape WT acceptance [42]. Consequently, experiencing procedural justice
differs greatly across space and time, and (possible) installation of WT does not automatically lead to
new CIs. Other examples of LULUs are conventional power plants, large farms, waste treatment plants,
radio stations, and disposal facilities [43].
Numerous recent studies evaluate the influence of acceptance on the success of renewable energy
projects [17, 20, 21, 22, 33]. However, there is not yet a uniformly shared understanding of acceptance,
nor will there ever be, due to the history of places and the attitudes of local populations [42, 44].
In the present study, we built on the work of Langer et al. [34], which proposes a generalizing framework
for the "triangle of social acceptance," based on Wüstenhagen et al. [33]. Accordingly, social acceptance
represents “the degree of which a phenomenon is taken by relevant social actors, based on the degree
how the phenomenon is (dis-)liked by these actors” [45, p. 1785]. Wüstenhagen et al. [33] further
dissect this term into three more precisely defined forms, namely, socio-political acceptance, market
acceptance, and community acceptance. Socio-political and market acceptance are generalized forms
that political decision-makers, consumers, and stakeholders shape. Community acceptance is highly
individual and dependent on the planned project.
Furthermore, the acceptance of WT has side effects that we must discuss. The effect of WT on landscape
attractiveness is highly ambiguous, even though tourists seem to prefer less artificial landscapes [46].
Visual and noise emissions are also side effects of WT, which can influence the local population and
visitors or even affect bird and bat mortality (Wang/Wang 2015). CIs capture these effects, which
become core arguments in the protest against WT.
1.2.

Empirical evidence for Germany

The past and contemporary literature that relates to the acceptance of WT and the role of regional
characteristics is rather heterogeneous, in terms of perspective and methodological approaches.
Following is a summary of the most important contributions to German acceptance of WT, to better
explain the dynamics of renewable-energy acceptance during the transformation of the energy sector.
The study by Zoellner et al. [30] analyzes the degree of acceptance of different types of renewable
energies (photovoltaic, biomass, and WT), using a multidimensional methodology. The spatial focus of
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the study lies on four case-study regions (East Germany, Southwest Germany, West Germany, and
Northeastern Germany), with WT investigations occurring primarily in West Germany. The
interdisciplinary study combines both qualitative and quantitative research methods, including
qualitative interviews, standardized questionnaires, and regression analyses. Its key findings confirm a
generally high level of acceptance of WT. However, at the local level, social, procedural, and economic
justice impact local acceptance.
Musall/Kuik [48] discuss the question of unequal acceptance levels. They use two case studies to
examine the influence of ownership on the approval of local stakeholders. The interview-based survey
of 200 directly impacted residents took place in two comparable municipalities in the federal state of
Saxony. The authors conclude that direct financial project participation in the sense of a "community
wind farm" has positive effects on acceptance in general. Comparable studies [41, 49, 50, 51 ] support
this finding in an international context.
In the district of North Frisia, packed with WT, the study by Süsser/Kannen [52] deals with the
stakeholders’ perception of renewable-energy plants in one municipality. The analysis contains a mix of
methods, including a planning-document analysis with support from two series of semistructured
interviews (n = 15) and a household survey (n = 51), to answer the question of the extent to which the
use of WT changes the perception of the communities’ social aspects. The interviews revealed an
enhancement of community spirit through citizens’ involvement, which affected the acceptance of
existing projects directly and fostered the intrinsic motivation to realize additional projects.
The federal state of Bavaria, strongly characterized by country-specific planning regulations, is the
subject of the study by Langer et al. [34], whose primary research objective is the question of which
factors influence WT acceptance. These characteristics were based on a comprehensive literature
search, supplemented by semistructured interviews with leaders of wind-energy supporter and
opponent groups in the course of the research. The study confirms the classification of Wüstenhagen
et al. [33] and recognizes that both active participation and previous experience with WT positively
impact local acceptance. Representatives of the CIs particularly articulated inhibiting factors, primarily
pointing out the unequal burden of WT within the individual regions and accordingly representing a
distributional injustice, in the sense that Gross [53], Walker/Baxter [54] and Frate et al. [55] use it.
Another interesting case study is by Reusswig et al. [4], analyzing the processual relationship between
wind-energy development, local policies, and the emergence of local protests. The analysis confirms
that the formation of local opposition emerges from a lack of local acceptance, beginning when the first
WT plans become public. Moreover, a local conflict in the context of the formation of a CI can lead to a
far-reaching division of society that can affect the political power relations of a municipality.

5

Weber et al. [56] investigate the structure, occurrence, and emergence of CIs as a reaction to windenergy expansion in Germany. The methodological basis is discourse analysis and information on CIs,
collected as part of Internet research, via Google, on citizens’ response to national and regional plans.
Key findings confirm the CIs’ attempt to inhibit concrete planning projects in a closer spatial context.
However, the goals of the CIs noticeably differ significantly and range from a complete and fundamental
rejection of wind-energy expansion to a rejection of nearby individual projects. Argumentatively, 91%
of the CIs base rejection on environmental parameters, 86% on the change in the landscape, and 83%
on health aspects. Also, 69% of the arguments cited economic effects, such as the depreciation of real
estate and the loss of tourist attractiveness. Overall, intricate and strongly mixed patterns of reasons
that CIs establish and participate in protests are evident.
To sum up, procedural and economic participation by the local population is the strongest driver of
increasing acceptance of WT. Furthermore, past personal experiences with WT are an important factor
in individuals preventing a wrong risk assessment. On the contrary, environmental and economic
aspects and a lack of local acceptance for planned projects at the local level, difficult to generalize,
strongly influence the formation of CIs. Compared to the existing literature on the topic, the present
study differs in its alternative methodological approach, made possible through a quantitatively and
qualitatively greatly improved data basis. As shown above, most research depended on survey data and
interviews. We seek to expand the knowledge about the formation of CIs in different spatial contexts
and under different conditions for the development of WT installations, for Germany as a whole.

2. Empirical approach
2.1.

2.1 Data

Our study follows Guggenberger [57], defining CIs as associations of individual citizens who, for a specific
reason (e.g., an expected wind farm), form a closed, formalized opposition to new wind farms, to exert
political pressure. According to Weber et al. [58], a CI leads to an inhibiting influence on the planning
process [59]. Consequently, planners categorize them as "problematic" [60]. Accordingly, CIs present as
formalized expressions of protest toward WT development in Germany. Therefore, we collected data
on CIs to define our dependent variable. That is, we seek to identify the contribution of several factors
in the formation of CIs. On the other hand, we use the data on CIs to prove their effect on the installation
of new WTs across a broad range of distances.
The protest platform Windwahn.com (as of June 2017) provided the initial CI information the
researchers collected. In addition to names and contact details, the site contains a georeferenced
description of each CI registered there [61]. Registrations must be actively initiated by an E-Mail from
the CI to the platform operators. However, the degree to which the site checks the completeness and
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accuracy of the transmitted data is not transparent. We found that the raw data set contains numerous
incomplete, duplicate, and visibly incorrect entries4. Consequently, we checked all entries for plausibility
and adjusted the data when needed. While precise information about the representativeness or
completeness of the listed protest farms does not exist, we learned from subsequent contacts with
various CIs that this platform represents the most important one of its kind in Germany, and any serious
CI would know about it and register there.
We collected additional features of the citizens' initiatives from this database. In a first step (October
2017), we contacted all CIs and asked for information on their organizational form (legal status, interest
group, or other), their founding date, and other protest groups of which they are aware. We repeated
this in January 2018. Unfortunately, we still managed to obtain responses from just 6.6% of the CIs. If
the CI did not provide the required data, their information was supplemented through further
investigations, including the use of official register entries5, analyzed websites, official journal entries,
and newspaper reports. In some cases, social media entries provided information about the founding
date. Through this procedure, we determined the founding date, location, and organizational form for
817 CIs. We could acquire no information for 93 CIs, which we excluded. Possible reasons for this might
include incorrect entries in the database or a lack of CI public-relations activities.
This information supported the construction of our central variable FORMATION. This binary variable
takes the value of one if a CI is founded in a given year in a municipality, and zero otherwise. We specified
three more variables on this basis (INI.10, INI.25, and INI.50), representing the number of existing CIs in
a given year within a 10/25/50-kilometer radius of the center of a municipality (centroid), respectively.
The second essential data set this study used contained information on WT. The locations of the WT
came from the proven reliable [46, 65] secondary dataset of the German Society for Solar Energy e.V.
[64], with data based on the freely available publication of the four transmission system operators in
Germany. It is the only available dataset showing the actual location of (nearly) all WT in Germany. Due
to political and legal conditions, this dataset’s reliability sharply decreased after July 2014, as the system
operators were no longer required to share their data. Therefore, this database includes only 25,138 of
the currently (2019) 28,675 WT. Put differently, while the data is complete and reliable up to 2014, its
completeness after 2014 is doubtful. Nevertheless, with no reason to believe that its incompleteness
has any systematic spatial variance, we opted to include these years.
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During the cleanup process, we removed duplicate entries, empty columns, and obviously false information. CIs
that could not be verified by a register and Internet search were retained.
5
See [62] and [63]
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On the basis of this dataset, we constructed the variables WT.5, WT.10, and WT.25, representing the
number of existing WT in a particular year, within a 5/10/25-kilometer radius of the center of a
municipality (centroid), respectively.
The first general regional characteristic that is likely to impact the construction of wind turbines, the
emergence of CIs, and the relation between them is a region’s (397 NUTS-3 regions) absolute population
(POPULATION). The variable controls for regions’ size variations. We used population density to
distinguish between urban and rural regions (POPULATION.DENSITY).
Another factor we considered was a location’s nearness to the coast, approximated by the shortest
geographic distance to the coastline (North Sea and Baltic Sea) (DISTANCE.COAST). We used this variable
because wind capacity is a crucial factor for the installation of WT. This capacity is significantly larger
near the coast, making the installation of WT more likely [66].
In addition to the distance to the sea, we also considered the potential influence of protected areas in
this context. As Nordman/Mutinda [67] suggest, WT developments near protected areas are more likely
to mobilize resistance than the construction of WT in regions where agriculture or industry dominates.
The variable DISTANCE.PROTECT measures the distance from the center of a municipality to the next
protected area, in the sense of the Digital Landscape Model (DLM250) of the Federal Agency for
Cartography and Geodesy [68]. Accordingly, environmental-, soil-, and water-protection areas are
recorded according to uniform standards and considered in the investigation.
The fact that WT more strongly impact more attractive landscapes [69] may be an additional motivation
for founding a CI. The variable ATTRACTIVITY captures this, representing an index of scenic
attractiveness that the Federal Institute for Research on Building, Urban Affairs and Spatial
Development (BBSR) created [70]. It summarizes the following elements in a region: relief energy
(measured by volatility of altitude), degree of forest cover, proportion of water surface, and length of
coasts and uninterrupted spaces. We refrain from considering regions’ tourism potential as an
alternative measure because we believe that an unadulterated impression of the attractiveness of the
landscape gives a more precise representation of this process.
The socio-economic structure of the population in a region and the potential commitment to climate
may influence the likelihood of founding a CI [4, 19,], even if results are ambiguous [71, 72]. However,
we considered different interests and population structures by constructing two variables: the
proportion of over-65s (AGE) in the regional population and the proportion of voters who participated
in the national elections (1994, 1998, 2002, 2005, 2009, 2013, 2017) and voted for the Green Party
Bündis90/DieGrünen (GREENS). The selection of the latter variable was motivated by the significantly
positive influence of the "green electorate" on the construction of WT [73].
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Our study covers the period between 1990 and 2017. All information collected was at the municipality
level, and we exclusively considered municipalities within a 50 km radius of a WT or that report a CI in
the observation period. This translates into a total of 4,465 spatial units, including municipalities
(Gemeinden) and municipal associations (Gemeindeverbaende). The latter are combinations of
municipalities more comparable to the average municipality than their individual elements [74].
The variables differ significantly in their temporal dimension. For example, some variables are timeinvariant (e.g., distance to shore), others vary annually (e.g., population), and others change only at
certain time intervals (e.g., election results). While the former two cases can easily be integrated into
our empirical modeling, an assumption must be made in the latter case: The election results are
representative of the entire period of the legislature. Accordingly, the election results from the year t
are also considered stable for the following years t + x.
2.2.

Methods

The aim of the first investigation was the identification of regional factors that influence the probability
of CIs forming. We paid particular attention to the existence of WT and their influence on the formation
of CIs. Correspondingly, spatial-structural factors which emerged over time explained variations in the
occurrence of the event (formation of an initiative) at a specific time (year) and in a specific place
(municipality). In a common manner, we employed survival models (also known as event-history analysis)
in this situation. Medical research initially developed survival models. The multivariate regression
models relate the risk (hazard) of the occurrence of a particular event (e.g., infection/death) to
explanatory variables, such as whether a patient has received medical treatment [75].
Nowadays, the models are used in many different fields of study. For example, Darmofal [76]
investigates the spread of political ideas in the US using survival models. Studies in the economics
literature frequently employ them to investigate company entries [77].
Basically, a survival model has the following form:
,
where !(") represents the probability of event occurrence at time t (e.g., the formation of an
initiative); !$ (#) is the underlying probability of entry, e.g., the probability of occurrence regardless of
the characteristics of the explanatory factors; %(#) represents the vector of explanatory variables that
are likely to affect the event occurrence potential;

are the coefficients found in the model [78]. The

reason for using survival models instead of OLS or binary logistic regressions is the special form of
censoring inherent in these longitudinal data. In this context, censoring means that certain events are
outside the period of observation. For example, during the observed period, we do not see any initiative
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being formed in a particular region, but this may happen in the (unobserved) future. Considering this in
survival models accordingly avoids distortion of the calculations [79]. We use a so-called Cox model,
which does not require assumptions of the probability of the event occurrence [80], reducing the
likelihood of misspecification. However, it also implies a loss of precision that is higher in alternative
Weibull or Gompertz models (if correctly specified) [76, 81].
The spatial structure of our data demands taking potential spatial dependencies into account, e.g.,
by estimating a Bayesian spatial survival model [82]. However, the implementation of these models in
existing software programs still has great shortcomings. Therefore, we defer to a mixed-effects Cox
regression model. This extension of Cox regression allows the modeling of random (intercept) effects
that catches potential differences between particular groups of observations [83]. In the present case,
the groups are districts (NUTS3 regions with, on average, about 30 municipalities). Accordingly, we take
spatial dependencies between municipalities belonging to the same district into account. In addition to
federal states, districts are the main administrative units in Germany, with significant power in terms of
regional planning and policy. Consequently, most (potential) spatial dependencies that stem from these
factors are considered. The modeling of WT in municipality neighborhoods (i.e., at 5, 10, and 25 km
radii), as well as such time-invariant factors as distances to the coastline, absorb additional potential
spatial dependencies.
The coefficients of the models are logarithmic hazard ratios, converted into hazard ratios for easier
interpretation. Accordingly, they indicate the percentage by which the likelihood of occurrence (for
example, the formation of a citizens' initiative) increases when the explanatory factor (e.g., the number
of WT) increases by one unit. Coefficients smaller than one result in a reduction of the hazard, so
formation of a CI or erections of WT, respectively, are less likely.
In the first sets of models (Table 1), we explain the likelihood of the formation of a CI at a given time
in a municipality. Of the 817 identified CIs, 617 founding events fall during the considered period. They
are evaluated against 121,869 zero events (no formation of a CI in a municipality in the year).
In the second set of models (Table 2), the aim is to analyze the impact of the CIs on the installation
of WT. Again, we use the same modeling approach. In contrast to the first analysis, here the event to be
explained (or the probability of its occurrence) is the construction of the next WT, to be installed after
the formation of a CI.
In all estimations, we differentiate between the three categories of distances of CI and WT (5, 10, 25
km), which we examine in separate models. Thereby, we take into account the different sizes of
municipalities and the fact that there are no findings concerning the scope of action of CIs. In the
empirical exercise, we use the variables WT.5, WT.10, and WT.25, defined above. These are binarized
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so that they take a value of one if the number of WT in the area has increased compared to the previous
year and zero if it has remained constant.
We adjusted the dataset (municipalities*years) for each model so that only observations for which
these events can actually occur remain in the model. That is, we exclusively consider the period between
the formation of an initiative and the first subsequent change in the number of WT in the respective
vicinity of a municipality. We seek to explain the time it takes until (if ever) a WT is installed in a region
after an initiative has been founded. Any changes in the number of WT subsequent to this event after
the formation of the CI are not considered in the estimations. For the models in which the period up to
the next WT within 5 km (WT.5) is analyzed after the formation of an initiative, we have 2,487 positive
events (an increase in the number of WT in regions without CI in all years before) and 103,557 null
events. The corresponding figures for models WT.10 and WT.25 are 4,953 and 85,113, and 11,483 and
52,966, respectively.

3. Results
Figure 1 illustrates the evolution of the CIs and WT. The figure contains four snapshots of the situation
until the year 2000 (panel 1, top left), and for the periods 2000 to 2006 (panel 2, top right), 2006 to
2012 (panel 3, bottom left), and for 2012 to 2017 (panel 4, bottom right). To create a clear
representation, WT within a radius of 10 kilometers and CIs within a radius of 5 kilometers were
aggregated.
Panel 1 in Figure 1 confirms the emergence of the wind turbine installation in the windy coastal zones
of the German North and Baltic Sea shorelines. The visualization also highlights that up to the turn of
the millennium, just about 5,460 WT were operated in the country, with most located in the Rhenish
Slate Mountains and the Ore Mountains. At the same time, 18 CIs existed, mostly in the northern part
of Germany. In the subsequent period (2000–2006, panel 2 in Figure 1), the number of WT increased
substantially to 15,162. In addition to the expansion of areas already utilized in the northwest and the
North German Plain, in this period WT are installed in the southwest as well (Rhineland-Palatinate,
Baden-Wuerttemberg, and Bavaria). Compared to the previous developments, a moderate increase in
CIs (63) appears again, with a concentration in northern Germany. Panel 3 (2006–2012) shows further
robust growth in WT (20,617) over the entire federal territory, except the two southernmost states of
Baden-Württemberg and Bavaria. In this period, an active formation of CIs (184) is visible, especially in
the north (Schleswig-Holstein), in the east (Brandenburg and Saxony), and the west (North RhineWestphalia, Hesse, and Rhineland-Palatinate). In the period represented by Panel 4 (2012–), further
growth in WT appears, culminating at 25,106. During this time, the formation of CI (783) increased
sharply. Especially at the former pioneer sites in Schleswig-Holstein, but also along the axis from the
Saarland to Saxony and in the northern Hessian highlands, new CIs formed in the past six years. Another
11

striking feature is the formation of CIs in locations without new WT, e.g., in southern Hesse and BadenWürttemberg.

Figure 1: Spatiotemporal development of WT and CI in Germany from 1997 to 2017 Source: Own
calculation
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The heterogeneous dynamics give rise to some interesting observations. Existing research generally
argues that traditional wind-energy sites are associated with higher acceptance rates (e.g., [14]). This
does not seem to correspond to our findings, using CIs as indications of opposition. Even in parts of
Germany with wind-energy usage already established, new protest movements have arisen. A potential
explanation for this is that inhabitants of these regions are aware of the (uneven) spatial distribution of
wind-power generation and are asking themselves the question of the procedural justice of this uneven
distribution of WT [2, 41, 42, 84]. Furthermore, additional WT may be rejected when the local
population can accept a certain number of WTs, and any additional developments will lead to opposition
and the formation of CIs. The multivariate survival analyses, whose results appear in Tables 1 and 2,
deepen the insights of the visual inspections. Table 1 shows the results for the dependent variables
being the construction of new WT within 5, 10, and 25 kilometers of a focal municipality. Table 2 includes
the regression results for the emergence of new CIs, whereby the models differ in the considered
distances between WT and CI.
The coefficients presented in Table 1 show the relationship between spatial factors and the emergence
of CIs. The significantly negative coefficient of DISTANCE.COAST confirms our expectations and the
above visual inspections: With increasing distance to the coast, fewer WT are built. The same
relationship applies to increasing population density (POPULATION.DENSITY). The more sparsely
populated areas are the more likely sites for wind-turbine construction, highlighting the availability of
land as a crucial constraint on WT. On the other hand, total population has a positive relationship with
new WT construction. Surprising at first glance, this result has a plausible explanation. When controlling
for population density, absolute population primarily captures the size of regions, and larger regions
offer more opportunities for WT construction. In line with our expectations across all models, scenic
attractiveness has a significantly negative relationship with the construction of new WT.
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Table 1: Influence of CIs and spatial structural factors on the WT construction Source: Own
calculations

In some contrast to our expectations is the significantly positive coefficient of distance to protected
areas (DISTANCE.PROTECT). We believe that this counterintuitive finding is due to increasing
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proportions of protected areas being located in more rural and agricultural areas, which also represent
more suitable areas for WT. We identified no effect between the construction of new WT and the share
of voters for the party Bündnis90/DieGrünen (GREENS) in the models. In this case, our study contrasts
with previous research by Goetzke/Rave [73], who identify a weakly positive influence of this party
electorate on wind-energy expansion. In contrast, our results most likely reflect that this party is
particularly strong in urban regions, which are less prone to new WT construction. Consequently, the
observed coefficient points in the opposite direction. The use of municipal election results, in contrast
to the results of the federal election employed in the present study, might have led to other findings.
Lacking nationwide data on local elections for the period under consideration, we must leave this to
future research. Nevertheless, in sum, our models do reflect most of the expected relations between
spatial factors and the construction of wind turbines, giving us confidence in their results with respect
to the variables in the focus of the present study.
However, contrasting with our expectations is the inability to identify an effect of CIs on the
establishment of additional wind turbines for all ranges (FORMATION). The corresponding coefficient
remains insignificant for the models of 5km and 25km, suggesting that regions in which CIs exist at a
certain moment in time have the same likelihood of seeing a new WT established in subsequent years
as regions without these initiatives for the short and the long terms. The effects of these initiatives seem
rather limited for this scope, but for the 10km range, the formation of CIs can significantly disturb the
installation of new WT. This finding proves that the efficiency range of CIs is more local than regional.
Now, we turn to the models relating spatial factors to the formation of anti-wind-turbine initiatives.
Generally, we find the coefficients of the spatial-structural factors similar to the previous investigation,
further strengthening the idea of relatively close co-development (compare Tables 2 and 1).
The first observation is that of a strong dynamic between the formation of new initiatives and the
existence of wind turbines within 5 km (WT.5 in model 2) and within 10 km (WT.10 in model 4), with
the effect appearing most pronounced in the latter case. With further increasing distance (WT.25 in
model 6, with a 25 km radius), the effect loses strength and significance but remains negative.
Consequently, additional WT within a distance of 10 km increase the likelihood that an anti-wind-turbine
initiative will form sooner. In light of the insignificance of WT.25 and WT.50, this result suggests that
initiatives are really a local reaction to increases in the number of wind turbines close by, i.e. within a
rather small geographic distance.
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Table 2: Results of the survival analysis for the formation of CIs Source: Own calculations
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In all models, we find the likelihood of a CI formation dwindling as the distance to the coast (DIST.COAST),
and the attractiveness of the landscape increases (ATTRACTIVENESS), as well as when population
density grows (POPULATION.DENSITY). These findings reflect two things. First, there are fewer WT away
from the coast, around metropolitan and naturally more attractive areas because of stronger
competition with other uses of these areas. Second, the findings are likely to reflect a greater willingness
to keep areas near settlements and close to protected and attractive areas free from WT. Fitting the
observation that an older population [85] forms and supports many protest initiatives, the average age
of regional populations is significantly positive (AGE).
In contrast, we find larger populations increasing the likelihood of initiative formation, a consequence
of the potentially greater need (larger area of region) or a larger pool of potential protesters. In addition,
larger population supports the emergence and fueling of the complex motivational process behind the
formation and keeping up protest-group processes [86].
In contrast to the relationship between the Greens and WT installation, all models show a robust and
highly significant relationship of the variable GREENS on the formation of CIs. One explanation for this
is that the increasing political influence of an environmentalist, i.e., a pro-wind party, promotes more
WT, which translates into higher conflict potential. However, this claim has little empirical support [73].
Alternatively, it may also indicate the presence of more people inclined to protest through the formation
of a political initiative that (may) contradict their convictions. Reusswig [85] locates this effect,
particularly in structurally weak regions with high numbers of WT, where the population less opposes
wind turbines as such than their perceived treatment in top-down planning processes6. Warren et al.
[87] offer a further explanation for this effect, where green supporters oppose wind turbines, due to
the impacts on wildlife and protected landscapes, and have substantially more resources (time, money)
to professionalize their agenda.
With respect to our focal variables, we find empirical support for neighborhood or spillover effects of
CIs. The relevant variables (INI.10 and INI.50) are significantly positive in all models. This means that
existing nearby CIs have a positive impact on the formation of new citizens' initiatives. This was
investigated in models (2) and (4) for the existence of initiatives within a radius of 50 km, and in models
(5) and (6) for a radius of 10 km. The more significant coefficients in the latter specifications support the
conclusion that an existing CI in an immediate vicinity encourages the formation of new CIs. Looking at
Figure 1 and keeping the negative coefficient of DISTANCE.COAST in mind, this proximity effect is likely
the explanation for the agglomeration of CIs in the inland of Germany. Moreover, this is consistent with

6

In structurally strong regions with small numbers of wind turbines, "self-confident protests of local elites" are
expected to represent the same initial situation [85].
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the observed professionalization of CIs and their merging into umbrella organizations at the federal and
national levels in recent years. With respect to anti-wind-turbine initiatives, only a case study has
previously shown this idea of spatial spillover and neighborhood effects [4]. Our results suggest that this
is a more general process influencing the formation of these initiatives in Germany, as a whole.

4. Conclusion
This study fills a gap in the existing literature on the relationship between the formation of anti-windturbine citizen initiatives and wind turbines. Utilizing a new dataset, the study provides a comprehensive
spatiotemporal analysis of the formation and impact of CIs, previously done exclusively through
qualitative studies (see, e.g., [4, 56]).
The study simultaneously analyzes the fundamental relationship of spatial and structural factors with
the construction of WT and the formation of CIs against WT. It quantifies the field of tension between
these two. In this way, the study results support the view that CIs emerge as a reaction to the
construction of wind turbines. Moreover, we show that the existence of initiatives promotes the
likelihood of further initiatives emerging in the immediate vicinity (~ 10 km) and that the effective range
of initiatives to prevent the installation of WT is approximately 10km. Accordingly, personal contacts
and social interactions, as well as supra-regional associations and networks, may drive the diffusion of
this form of protest (see on this [4]). An alternative explanation appears in the peculiarity of WT as
"locally unwanted land uses." It implies that growing protests are inevitable when the number of WT
increases, regardless of how objectively meaningful they are [36]. Nevertheless, we must admit that our
data is limiting our results to concrete assumptions on the formation of CIs. As we do not know anything
about the size of CIs and planned but never built WTs, we cannot compare the different CIs, where they
form, and how successfully they constitute a hindrance to WTs. Furthermore, in future research, the
reliability of the dataset could improve with the addition of data for the WT installed after 2014.
However, for planning authorities and political decision-makers, some recommendations arise from our
findings. In the context of siting and the subsequent approval procedures, our results suggest that care
should be taken to ensure that in regions with active protest groups, early participation may be a key to
successful acceptance. This also implies the provision and sharing of objective information.
On the whole, it is striking that the formation dynamics of CI have been steadily intensifying since 2006
throughout Germany, especially in areas with a strong WT presence. This polarization of the energy
landscape in Germany is concomitant with the general dynamics of wind-energy expansion, which a
negative attitude has increasingly confronted in recent years. Importantly, the present study does not
allow identifying whether the emergence of a formalized protest movement arises from a (regionally)
fundamental consensus around rejecting WT. Also, relatively small but highly motivated subgroups may
18

have driven the formation of CIs. This must be investigated in more detail, using qualitative and/or more
extensive quantitative research designs in local contexts. In particular, we advocate interdisciplinary
approaches that more explicitly consider the socio-demographic structures within individual CIs [85].
While the present study provides new and generalizable insights into the relationship with the
conditions of anti-wind-turbine protests, we recognize that this relationship is dynamic and deeply
embedded in a constantly changing and evolving environment. Among other implications of the
research are that the database underlying the present study is constantly updated and the addition of
regional factors (e.g., local elections, land use, and educational level). Even more importantly,
qualitative research should seek to know why CIs form at certain places, as well as how successfully they
hinder the construction of new WT in their surroundings. In addition, future studies also must
investigate the extent to which our results are restricted to Germany or if similar relationships are
observed in other countries. Lastly, future analyses must clarify how regional planning approaches and
urban land-use planning influence these processes [31, 88].
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