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Abstract 

Expansion of renewable energies in Germany is strongly associated with decentraliza-

tion of energy provision. In the case of wind energy there are especially strong regional-

level spatial, technical, economic, and social ramifications of this energy source. In ad-

dition to differing natural conditions and the strong push from the federal feed-in tariffs, 

policies and initiatives at the state, county, and municipal level need to be considered 

when explaining the pattern of wind energy expansion across time and space and to im-

prove the coordination of multi-level energy policies. This paper uses panel regressions 

at the level of German counties from 2001 to 2012 to explore the growth of wind power 

capacity. Based on the estimates obtained, we then analyze counterfactual scenarios in 

which factors (strongly) influenced by the regional (county) level are varied individual-

ly. Our focus is on party policy preferences and coalitions on the one hand, and the un-

employment rate on the other. While strict causality is difficult to establish, our results 

reveal heterogeneous incentives between states, within states, and between different 

county types. 

 

Keywords: renewable energies, regional policies, unemployment, green party, panel 

regressions 
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1. Introduction 

Expansion of renewable energies in Germany is strongly associated with decentraliza-

tion of energy provision, which is evident in the regional-level spatial, technical, eco-

nomic, and social ramifications of renewable energies. This is particularly true for wind 

energy given its spatial dimension, its volatility in providing electricity, and its econom-

ic and social impacts in mostly non-urbanized areas. 

To explain the pattern of wind energy expansion across time and space, policies and 

initiatives at the state, county, and municipal level need to be considered, given that 

states, counties, and municipalities influence the legal and administrative conditions for 

implementing renewable energy projects. These entities are also free to set their own 

renewable energy targets and incentivize expansion of renewable energies to attract 

investment, create employment opportunities, become relatively independent from ex-

ternal energy supplies, or realize other “social” goals. Moreover, it is not just local or 

regional policymaking per se, but civil society initiatives and networks that create dif-

ferent conditions for the expansion of renewable energies across Germany. Yet, policy 

discussions often focus exclusively on the strong federal-level push for renewable ener-

gies, notably the Renewable Energy Act (REA) and its reform. At the sub-national lev-

el, much of the discussion of this issue revolves around the problems posed by the coun-

try’s considerably varied natural and geographic conditions. 

It is important to know more about the differing incentives for expanding renewable 

energy at various sub-national spatial levels. At present, renewable energy goals vary 

widely across levels of government and across states. For example, the federal govern-

ment aims to achieve a 35% share of renewable energy in electricity consumption by 

2020 according to the so-called energy concept, whereas the aggregated goals of the 

states amount to between 50–55%. As a result of this uncoordinated approach, as well 

as due to the intermittent nature of wind energy, the characteristics of the power and 

carbon market, and the planning of infrastructure networks, the electricity system can 

incur substantial additional costs (Gawel and Hansjürgens, 2013). 

There are few empirical analyses of the evolution of renewable energy and their deter-

minants across German “regions.”
1
 Most previous research is based on regional case 

studies and focuses on issues related to participation in wind power planning and ac-

ceptance of siting decisions (e.g. the contributions in Gailing and Leibenath, 2013), but 

mostly ignores the national dimension of heterogeneous growth patterns in renewable 

energies. Diekmann et al. (2008, 2010, 2012) provide an extensive set of indicators that 

are used to identify best practices in policies for renewable energies and to create a 

ranking among the German states. The only quantitative econometric analysis of wind 

                                                 
1
 We use “region” as an umbrella term for the local, county, and German-state level. 
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energy in Germany based on disaggregated county-level data is Hitaj, Schymura, and 

Löschel (2014), but even this paper does not explicitly investigate regional differences 

in growth rates or regional determinants. 

Previous studies beyond Germany consider whether differences in wind energy de-

ployment are more strongly related to physical and geographical factors or to socioeco-

nomic and institutional factors. For example, the statistical analysis by Staid and 

Guikema (2013) for U.S. states suggests that wind resources, the amount of cropland, 

and the available percentage of land are the most influential parameters, whereas state 

policies appear to play only a small role in predicting wind power development. By con-

trast, Toke, Breukers, and Wolsink (2008) compare wind power development in six EU 

countries (without aiming at statistical generalizations). They find that in addition to 

regional wind resources, the level at which investment and siting decisions are made 

and who is involved in such decisions are among the most important deployment fac-

tors. Following the widely cited study by Toke, Breukers, and Wolsink (2008), other 

qualitative or semi-quantitative studies emphasize institutional and political factors in 

uneven wind power deployment (e.g., Ferguson-Martin and Hill, 2011 for Canadian 

provinces and Frantàl and Kunc, 2010 for Czech regions). 

Most of the econometric studies on wind energy that focus on state-level policies and/or 

the interaction of national and state-level policies are conducted for the United States 

(for an overview, see Shrimali et al., 2015). Shrimali et al. (2015) find that in many cas-

es the central national policy enables various state-level policies to become more effec-

tive. Moreover, a state’s responsiveness to renewable energy policies seems to depend 

on the state’s resource potential for that renewable energy. 

However, the institutional setting and the policy context of the United States is substan-

tially different than that of Germany. Moreover, many of the wind-related policies and 

initiatives at the state, county, and municipal level in Germany are difficult to measure 

and compare consistently, since they rely on complex planning decisions, multi-

stakeholder negotiations, and other more informal ways of either facilitating or imped-

ing the placement of wind turbines. Given these constraints, the quantitative, top-down 

approach we pursue in this paper does not claim to provide a causal evaluation of re-

gional policies. Our primary aim is to advance a type of analysis not as yet employed in 

this context and to reveal policy influences at the regional level by looking at a restrict-

ed number of variables. Building on prior work, we first apply panel regressions at the 

level of German counties (Kreise)
2
 to account ex post for the growth of wind power 

capacity in general. Then we undertake a counterfactual analysis to explore heterogene-

                                                 
2
 Counties (Kreise and kreisfreie Städte) are municipal associations with municipal self-

government rights. 
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ous growth of wind power capacity for differing regions, mainly operationalized as 

states and/or so-called county types. While, potentially, the number of institutional and 

policy influences at the regional level is large, we follow Ohler (2015), who analyzes 

whether the rise of wind energy is mainly due to concerns over environmental quality or 

to those involving rising unemployment.
3
 Therefore, we consider regional policy prefer-

ences on one hand, and unemployment rates on the other. Although strict causality is 

difficult to establish, our results reveal the role of regional (energy) policies and initia-

tives beyond or in combination with the differing natural and geographical potential of 

wind energy. 

Section 2 provides a conceptual and policy background for the empirical part of the pa-

per. Data and employed variables are described in Section 3. Section 4 explains the em-

pirical strategy and how the counterfactual analysis is specified. Results are presented in 

Section 5. Section 6 concludes. 

 

2. Conceptual and Policy Background 

Economic theories of location and agglomeration provide some basic insight into the 

placement and concentration of renewable energy installations across German regions. 

The literature contains two main approaches for explaining agglomeration: an exoge-

nous approach and an endogenous approach. The first focuses on the natural advantages 

of certain regions vis-à-vis other regions; the second emphasizes agglomeration econo-

mies created by the physical interaction between firms, between firms and households, 

or between human beings more generally. Krugman (1993) uses the terms “first nature” 

and “second nature” to distinguish between these approaches. 

Clearly, the “first nature” is of crucial importance for electricity production from re-

newable energy in general and from wind energy in particular. Due to their transporta-

bility, fossil or nuclear-based electricity generation does not necessarily need take place 

where the resources are extracted. However, transportation of inputs across space is 

impossible in the case of wind energy. Generating power from windmills is critically 

dependent on weather conditions, particularly average wind speeds. More specifically, 

wind yields depend on elevation, surface roughness, topographic form (e.g., change 

between valleys and hills), and other localized factors (DWD, 2013). Wind power is 

also relatively space-intensive; on average, 7ha/GWhel are required (BMVBS, 2011). In 

addition, many areas are unsuitable for the erection of wind turbines, including built-up 

areas, water bodies, and (arguably) forest land. This results in saturation effects in areas 

with favorable wind conditions but limited land availability. 

                                                 
3
 Ohler suggests that promoting renewable energy projects as a means of creating jobs is one 

of the main drivers of these projects. 
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The “second nature” has to do with endogenous advantages or disadvantages of ag-

glomeration resulting from interaction of firms or of firms with other stakeholders (e.g., 

Bröcker and Fritsch, 2012). Some of these factors are likely to influence firms in the 

renewable energy sector as well. Economies of scale due to fixed costs (e.g., regionally 

bound overhead) and transaction costs (e.g., ease of interaction with local community) 

might explain the geographic concentration of wind manufacturing and/or wind plant 

service providers and operators. Similarly, knowledge and innovation are important 

assets in a relatively new industry like renewable energy. The knowledge needed for 

production and/or installation of wind turbines has a number of characteristics that lead 

to agglomeration advantages, including fixed costs in knowledge production, public and 

network-good characteristics, uncertainty, and the importance of face-to-face contacts. 

Differences in the generation of wind power across states are also likely to be driven by 

increasing returns on the demand side. These effects might relate to grid operators learn-

ing how to best integrate fluctuating wind energy into the grid. Some evidence suggests 

that citizen involvement in wind energy projects varies by region, creating differences 

in the level of acceptance of wind power production (Jakubowski and Koch, 2012). For 

example, some regions in northern Germany are well known for their pioneer inventors 

in wind energy and citizen wind parks (Bürgerwindparks) where citizens hold stakes in 

wind energy projects, thus paving the way for further expansion (Simmie, Sternberg, 

and Carpenter, 2014). However, the different level of renewable energy shares across 

regions is also likely to result from regional path dependencies characterizing the tradi-

tional, mostly fossil- and nuclear-based energy system (e.g., North Rhine Westphalia is 

traditionally a coal region). Interest groups in some areas might discourage municipal 

utilities from investing in wind power, leading to stronger concentration elsewhere. 

Yet, there are also centrifugal economic forces in the operation of wind energy plants. 

Most importantly, land (and, to some extent, the population) is immobile, and yet, at the 

same time, indispensable. At the very local level, the concentration of wind turbines can 

generate decreasing returns to scale or other “congestion problems” (e.g., when wind 

cannot be optimally harvested by individual plants due to interactions with neighboring 

plants). As a consequence, the growth rates of wind energy are constrained whenever 

land prices are high and/or whenever the saturation of plants increases. Growth may 

also be constrained by transmission congestion in regions with a clustering of wind tur-

bines or when plant operators are confronted with power curtailment and market risk.
4
 

Nevertheless, the incentives for investing in wind energy are only partly explained by 

the above-mentioned factors. The growth of wind energy is to a large extent a matter of 

                                                 
4
 Note, however, that these risks have been mostly eliminated by policy (i.e., the REA; see be-

low). Only more recently wind power operators are confronted with more market risks due to 
changes in the REA. 
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political choice. Indeed, renewable energy generation would have not expanded nearly 

so widely without substantial policy support to make it cost competitive vis-à-vis fossil 

and nuclear energy. The Renewable Energy Act (REA), enacted in April 2000 and 

amended several times, is the current backbone of renewable energy expansion. The Act 

essentially sets differentiated feed-in tariffs (FITs) for water, wind, biomass, solar, and 

geothermal energy and entails priority purchase, transmission, and payment for elec-

tricity generated from renewable energy sources (BMWi, 2014). The costs of the REA 

are distributed directly to end-use through a national uniform surcharge on electricity 

consumption (with rebates for energy-intensive companies). 

Compared to other renewable energies, wind power is relatively cost-effective in terms 

of electricity per unit of government support. The number of both onshore and offshore 

wind energy projects is expected to increase and this form of energy generation is ex-

pected to become a major pillar of the future German electricity system. Yet, the growth 

of wind energy in the last decade and a half is almost entirely the result of onshore wind 

installations. Between 2000 and 2011, installed capacity grew by around 377%. Wind 

power plants receive a FIT over 20 years, but are usually eligible for a higher initial 

incentive for the first five years. The REA (2000) set this initial incentive at 9.1 ct/kWh. 

It was decreased between 2004 and 2008 to around 8ct/kWh and then raised again to 

around 9ct/kWh with the 2009 REA revision. The provisions in the so-called reference 

yield model imply that FITs vary across location according to wind power potential, 

with less windy locations receiving more support per unit of output than more windy 

locations (Hitaj, Schymura, and Löschel, 2014). However, the 2004 REA revision ex-

cluded wind power plants with an expected performance level of less than 60% of refer-

ence output (over five years for a specific turbine at the reference site) from receiving 

FITs. As a result, locations with very bad wind conditions do not receive any support. 

Finally, the concentration of wind energy generation via repowering of plants older than 

10 years is favored in REA (2009) by a small bonus payment of 0.5 ct/kWh. This bonus 

is intended to promote the spread of larger state-of-the-art wind turbines, which are ex-

pected to significantly increase the energy output and simultaneously reduce the surface 

area required for onshore wind power development. However, repowering has not been 

widespread to date, mostly because larger turbines with a total height of 100 meters or 

more create stronger visual and noise impacts and meet with local resistance (Ohl and 

Eichhorn, 2010). 

Apart from these special provisions, incentives set by national energy policies are fairly 

uniform spatially; FITs do not explicitly vary across regions. Thus, and especially for 

wind as a relatively intrusive renewable energy, technology growth patterns depend on 

regional preferences for and acceptance of wind generation. In addition, renewable en-

ergy power plant investors and operators are not incentivized (via interconnection 
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charges) to locate where electricity demand is high or to make optimal use of the trans-

mission infrastructure (Hitaj, Schymura, and Löschel, 2014). In contrast, transmission 

and distribution operators are required by law to connect plants, dispatch renewable 

energy, and incur the costs of grid system upgrades. Operators of renewable energy only 

have to bear the cost of connecting to the nearest economically and technically feasible 

interconnection point in the grid.
5
 Although grid expansion and quality have long been 

ignored as factors in increasing the share of renewable energy, more recently there has 

been some attempt at giving priority to grid expansion and reinforcement and to coordi-

nating transmission expansion at the national level. For wind generation companies, the 

lagging (and still slow) grid expansion is viewed as an impediment to growth, which 

might lead to more decentralized placement of wind energy plants (Smith Stegen and 

Seel, 2013). 

As a result, the REA has incentivized the spread of specific technologies, but has given 

only limited consideration to regional specificities. Over time, the spatial and regional 

dimension of the expansion of renewable energy in general and wind power in particu-

lar has become more and more prominent. At the same time, the regional impacts of 

wind energy growth are directly reflected in regional policies, which are strongly influ-

enced by the state, county, and municipal level. Broadly speaking, regional policies in-

volve economic development and spatial planning (Bröcker and Fritsch, 2012). 

First, the REA system is a powerful instrument of spatial redistribution. It can be a use-

ful strategy for sub-national policymakers to attract economic activity and tax income to 

their territories and provide employment opportunities for their people. After all, the 

cost of expanding renewable energy via the REA is charged to all electricity consumers 

and not borne by state or municipal budgets. Moreover, local value added and employ-

ment effects are not limited to the operation of wind plants, but can trickle down the 

entire value chain, including indirect and multiplier effects achieved via the spending of 

additional income or (sometimes) reduced electricity costs within a locality or region 

(Kosfeld and Glückelhorn, 2012). Heinbach et al. (2014) focus on direct and some indi-

rect positive effects along the value chains of various renewable energies. They find that 

almost 75% of value added occurs at the municipal and (to a lesser extent) at state lev-

els. In the case of onshore wind energy, for example, they suggest that over the entire 

20-year remuneration period of the REA, more than 80% of municipal value added re-

sults from continuous system operation and operation and maintenance with only a 

small share left for system manufacturing and planning and installation, which is often 

performed by a small number of larger manufacturers and service providers. Therefore, 

                                                 
5
 To some extent, interconnection costs can be negotiated, since, in some cases, it is difficult to 

distinguish where interconnection costs end and grid upgrade costs begin (Leprich et al., 
2008). 
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significant value added can also be regionally generated even when there is no or little 

local manufacturing of plants but a high level of installed wind generation capacity. 

Nevertheless, the effects can vary widely across regions depending on differing wind 

energy output, the headquarters of the operating company, the amount of capital sourc-

ing from the region, the availability of business infrastructure, and so forth. 

Second, there is more competition for space and a growing awareness of the spatial im-

pacts and externalities of wind turbines. The joint initiative for wind energy of the fed-

eral and state governments, the Federal Office for Building and Regional Planning, and 

the wind industry itself all consider the availability of suitable land to be one of the crit-

ical factors in wind energy expansion (BMWi, o.J.; Smith Stegen and Seel, 2013). At 

the same time, and relatedly, there are an increasing number of land-use conflicts as the 

number and size of wind installations expand. Economically, such externalities are most 

often discussed with respect to the visual and landscape impact of wind turbines (or new 

transmission lines), which is partly reflected in changing land values or housing prices 

(e.g. Dröes and Koster, 2014). The seriousness of these issues typically depends on the 

distance to housing, how landscape is valued, the size and height of the turbines, and the 

characteristics of the residential and tourist population (Meyerhoff, Ohl, and Hartje, 

2010). In addition, noise and shade effects and impacts on biodiversity (birds, bats) are 

frequently mentioned relevant externalities (Mariel et al., 2015). 

Conflicts over the use and perception of space are explicitly dealt with in spatial plan-

ning law (Raumordnungs- und –planungsrecht) and zoning law (Bauplanungsrecht) and 

in the resulting planning policies and practices. In both matters, states and municipali-

ties have considerable law- and policy-making authority. Based on provisions in the 

federal building law—specifying privileged status for wind energy plants in non-built-

up areas in 1997—and in the state planning laws, in 2003, regional planning bodies be-

gan to incorporate provisions on wind energy into spatial planning areas as defined by 

regional plans (Bruns et al., 2009). For wind power development, land is essentially 

categorized as priority area (Vorranggebiet), suitability area (Eignungsgebiet), or a 

combination of both, the designation of priority areas with the impact of suitability areas 

(Vorrang- und Eignungsgebiet).
6
 The scale and location of these areas, therefore, are 

decisive for the overall amount of wind energy development at the respective regional 

(and eventually national) level (Ohl and Eichhorn, 2010). Moreover, the prohibition in 

certain areas (e.g., most nature protection areas) and the requirement in REA (2004, 

                                                 
6
 Priority areas are defined as sites where the erection of wind turbines takes priority over other 

types of incompatible land uses, while suitability areas are defined as sites where wind power 
development is deemed feasible and then, as a result of this assessment, prohibited in other 
parts of the region. Combined areas guarantee that the erection of wind turbines takes priori-
ty over other types of uses but prohibit the erection of turbines outside these areas. 
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2009) of a minimum performance level (at least 60% of reference output) reinforce each 

other: both are aimed at avoiding a dispersed placement of wind turbines. In practice, 

the scale of designating wind energy areas varies substantially between states and within 

states (Einig and Zaspel-Heisters, 2014; Einig et al., 2011; Bruns et al., 2009). The share 

of spatial planning areas for wind energy in total land area of German states was on av-

erage 0.4% in 2010, but varied from 0.87% in Schleswig-Holstein and 0.75% in Bran-

denburg to 0.07% in Baden-Wuertemberg and 0.05% in Bavaria. Einig and Zaspel-

Heisters (2014) argue that, apart from natural or geographic factors, these state differ-

ence are also driven by varying policy preferences. Such policy preferences at the state 

level also manifest as state-level building regulations and so-called wind energy ordi-

nances that contain nonbinding recommendations on minimum distances to settlements 

or nature protection areas. 

In any case, the legal framework is substantiated in concrete land utilization and urban 

land-use planning (Flächennutzungs- und Bebauungsplanung) and final permitting, 

where the (municipal or county-level) planning and permitting bodies, the wind power 

developer, the landowner, and other stakeholders (like environmental NGOs) repeatedly 

interact locally. Ideally, this process leads to agreement on where to place economically 

viable wind turbines but, in reality, it can slow down or entirely prevent wind energy in 

some regions. Some evidence suggests that regional differences result from different 

levels of social capital, that is, resources embedded in social relations like network re-

sources or norms of reciprocity and fairness (Kunze, 2011). Moreover, the level and 

type of social capital and the type of wind energy project may be interrelated in com-

plex ways. In particular, developers tend to be more successful whenever they involve 

local people, create trust, and aim for procedural fairness (Toke, Breukers, and Wolsink, 

2008). 

As a result, policymakers and regional planners often face an ambivalent situation. On 

one hand, there is widespread public support for additional renewable energy sources 

(TNS-Infratest, 2012) and strong support among the economic beneficiaries of the REA 

system to continue on the path of wind energy expansion. On the other hand, there is 

concern about and even outright opposition to the spread of wind energy plants in some 

regions or among some segments of the population (Gailing and Leibenath, 2013). Not 

surprisingly, the wind industry has voiced its concerns about potential citizen protest 

(Smith Stegen and Seel, 2013). 

 

3. Data and Variables 

For our dependent variable we use additions to installed nominal wind power capacity 

per county and per year, or, in the OLS case, the log-transformed values. All data are 

based on the 2012 county classification, giving us 402 counties. Our observation period 
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begins in 2001 and ends in 2012, since all data are readily available for this period and 

because the level of wind energy capacity was relatively modest in the 1990s. Data on 

wind installations, capacity, and location were obtained from the REA installation regis-

ter managed by the German Society for Solar Energy (EnergyMap, 2013). This society 

compiles and validates REA data from the four big transmission network operators. 

Offshore installation and very small wind plants (<30 kW) are not included. By the end 

of 2012, Germany had reached 30.5 GW of installed capacity. The average growth rate 

has been 18% per year with higher rates in 2001, 2011, and 2012 and lower rates after 

the 2004 and 2009 amendments to the REA. Of the 4,824 county-time observations, 

1,859, or 39%, had nonzero wind power capacity values. Installed wind capacity is dis-

tributed unequally across Germany: 53% of accumulated capacity in our observation 

period is located in Lower Saxony, Brandenburg, and Schleswig-Holstein, whereas the 

two big southern states of Bavaria and Baden-Würtemberg only have about 2% of ca-

pacity each. 

To model the expansion of wind energy across German regions we employ variables 

that measure natural characteristics, economic conditions, policy incentives, societal 

influences, or a combination of these factors. Of necessity, we have to rely on measura-

ble proxies that are good predictors of a complex reality. The descriptive statistics for 

all variables are shown in Table 1. 

Wind power potential is a crucial predictor of the level of expansion and the placement 

of installations across space. The German weather service has collected data on the dis-

tribution of wind speeds at particular locations in Germany and has calculated expected 

wind yields over five years in kWh/m
2
 based on typical assumptions about the charac-

teristics and the functioning of a wind energy installation (DWD, 2013). This variable at 

the county level is combined with time-varying and deflated FITs to account for the fact 

that the amount of FIT varies with average “county-specific” wind speeds and diminish-

es over time in some counties.
7
 Following Hitaj, Schymura, and Löschel (2014), we use 

the net present value of the electricity output over 20 years (i.e., the length of the grant-

ed FITs) for each county at a 7% discount rate. This variable, in Euro per m
2
, captures 

variation in the REA incentive across counties and over time. The variable also takes 

into account that locations with an expected output of less than 60% of the DWD refer-

                                                 
7
 The initial period of higher FITs continues for those wind power plants that have an expected 

output of less than 150% of the reference output. Reference output varies according to the 
type of turbine and is defined as the output over five years given an average wind speed of 
5.5 m/s at 30m above ground. The initial period continues for an additional two months at 
0.75% of the reference output for which the expected output falls short of 150% of the refer-
ence output. For example, a wind power plant with an expected output of 142.5% would re-
ceive the higher initial incentive for an additional 2 * (150 – 142.5)/0.75 = 20 months. After-
ward, wind power plants receive the so-called base incentive, which was 6.19 in the early 
2000s and then gradually decreased to less than 5ct/kWh in 2011. 
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ence output are ineligible to receive FITs from 2004 onward. Based on Hitaj, Schymura, 

and Löschel (2014), we use a cut-off level of 50% to reflect the fact that parts of a coun-

ty may still be eligible to receive FITs even if the county, on average, does not surpass 

the 60% threshold. Overall, about 10% of all counties do not qualify for FITs. Among 

the remaining counties, close to 90% receive the so-called initial incentive for the entire 

20-year period, while for the remaining counties, the FIT is gradually decreased after 

the first five years. 

Another important variable for wind energy is the availability of suitable land. Based on 

official statistical data on the type of land use, we construct an indicator that broadly 

reflects the suitability of land for wind energy: from total land area we subtract settle-

ment and traffic area, forests, and water area (for a more refined approach based on 

suitability criteria, see McKenna, Hollnaicher, and Fichtner, 2014). The resulting land 

area is then divided by total land area to calculate a share. Moreover, we include the 

average relief differences (differences in altitudes per km
2
) at the county level, since 

wind energy is less feasible in mountainous or very undulating areas (BBR, 2005). Ad-

ditionally, we use the log of total land area to control for different sizes of counties. 

Endogenous advantages or disadvantages of agglomeration in the operation of wind 

turbines are difficult to capture. As an economic variable we employ average land val-

ues in Euro per m
2
. To avoid endogeneity (i.e., picking up the effect of wind installa-

tions on housing prices due to visual and noise disamenities), five-year lags are taken. 

Also, five-year moving averages are used to account for yearly jumps in the data (e.g., 

due to business cycle effects). Land values represent a portion of the input costs for the 

wind power plants and are at the same time an indicator of the level of urbanization. 

Therefore, a higher land value is a cost for the installation of wind turbines. In addition, 

we consider the wind turbine stock up to the previous year. Arguably, a positive sign 

picks up economic agglomeration advantages not already covered, such as, for example, 

economies of scale, knowledge economies, increasing returns on the demand side, and 

the quantity or quality of infrastructure. Alternatively, a negative sign represents satura-

tion effects (see Section 2). 

The variables introduced so far control for natural and spatial characteristics at the re-

gional level; however, our main focus is on variables that approximate regional policy 

incentives. First, we hypothesize that the county’s overall economic condition influ-

ences political and planning activities (Ohler, 2015). Therefore, gross county product 

(GRP) per capita and county- level unemployment are included. We expect that coun-

ties in economic decline or with high unemployment might be interested in attracting 

new investment, job opportunities, and tax income. While GRP per capita chiefly re-

flects the differing placement of manufacturing industry across counties, disposable 

income per capita across counties is indicative of people’s location and consumption 
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choices. Such a variable might capture impacts that are not well represented by land 

values. and may also be related to not-in-my-backyard (NIMBY) effects. 

Second, we hypothesize that the realization of wind energy projects depends on the lev-

el and type of civil society support and its influence on local policy decisions (Walker et 

al., 2010). Unfortunately, these local policy decisions cannot be directly observed, 

measured, or consistently compared. We thus decided to use local green party votes as a 

proxy, which we justify as follows. First, the correlation between party preferences and 

participation in environmental associations found in the German Socio-Economic Panel 

(SOEP) micro-data suggests a significantly positive correlation with respect to green 

party preferences (0.23), but a slightly negative correlation with the conservative party 

CDU (–0.08). Moreover, the green party is famous in Germany for actively pushing for 

renewable energies, whereas some conservative-led governments (particularly in Ba-

den-Würtemberg, Hesse, and Bavaria) have a tendency to criticize the expansion of 

wind energy, saying it comes at the expense of nature and landscape protection (Lobo, 

2011; Monstadt und Scheiner, 2014). In addition, the most influential German-wide 

environmental associations such as Friends of the Earth Germany (Bund für Umwelt- 

und Naturschutz Deutschland) and the Nature and Biodiversity Conservation Union 

(Naturschutzbund Deutschland) generally support green party positions. Therefore, 

green party voters are on average more likely to support the expansion of wind energy, 

rather than oppose wind energy based on concerns about nature and landscape protec-

tion. As a result, we use the percentage of green party votes at the county level in state-

level elections as a proxy for pro-wind energy civil society support.
8
  

Despite a favorable local climate for wind power policies, state-level government may 

have a dampening effect on ambitious local projects. As argued above (see Section 2), 

this dampening effect can manifest via spatial planning or building laws, wind energy 

ordinances, or by more informal means. To broadly represent these policy preferences 

we use dummies indicating whether the states are governed by a left-of-center govern-

ment (social democratic, green, or democratic socialist party), a right-of-center govern-

ment (Christian democratic, Christian social, or liberal party), or a “grand coalition.” 

Following Cadoret and Padovano (2015) and (for Germany) Hirschl (2008), we expect 

that left-of-center state governments are more supportive of wind energy expansion and 

reinforce local green party preferences. 

                                                 
8
 We use revealed votes as a proxy and not the party preferences given in SOEP, since the 

number of SOEP respondents who provided party preferences is low and not available for all 
years. We also experimented with other indicators of social capital available from SOEP, in-
cluding reciprocity/fairness and generalized trust, but could not achieve consistent results. 
This is probably due to lack of sufficient time-varying data. Also, variables measuring trust 
are often strongly positively correlated with gross county product per capita and negatively 
correlated with level of unemployment (see also Freitag and Traunmüller, 2008). 
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Table 1: Descriptive statistics 

 Mean S.E. 

Annual wind power capacity additions in kW 5,199.998 195.356 

ln(Annual wind power capacity additions) in kW 3.431 0.067 

ln(Area) 10.960 0.016 

Share of suitable area 0.478 0.002 

ln(Stock of wind plants) 7.290 0.073 

Relief measure 107.100 1.048 

Wind-based NPV of electricity output/1,000 255.662 1.410 

Lagged property value 4.246 0.012 

Per capita gross regional product (GRP)/1,000  26.333 0.155 

(Per capita GRP/1,000)
2
  809.573 12.163 

Disposable income per capita in Euro/1,000 18.041 0.037 

Green party in county 0.074 0.001 

Left-of-center state government 0.213 0.006 

Unemployment rate 0.087 0.001 

 

Finally, state fixed effects and a time trend are included. The former mirror all other 

unobserved effects at the state level (e.g., the structure and efficiency of the administra-

tion or cultural differences). Implicitly, including these effects also accounts for omitted 

variables based on the fact that counties within one state are more similar to each other 

than counties in different states. The time trend is useful for capturing the impact of 

technological progress in turbine manufacturing, as well as economic growth. 

 

4. Empirical Strategy and Counterfactual Analysis 

We take three approaches to modeling the annual additions of wind power capacity per 

county: a pooled OLS model, a fixed effect OLS model, and a pooled Poisson model. 

The literature typically employs either OLS regressions or Tobit regressions (Hitaj, 

Schymura, and Löschel, 2014; Shrimali et al., 2015; Ohler, 2015). However, we believe 

that the Poisson regression is the most appropriate model, based on the following theo-
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retical considerations. The dependent variable is log-transformed because of the con-

stant elasticity nature of the relationship between many independent variables and the 

addition of wind power. For example, a 10 percent increase in land area is expected to 

have a constant percent increase in wind power additions. However, since many coun-

ties in many years do not have any additions of wind power, there are quite a few zero 

observations, which cause problems when taking logs. In the case of the OLS model, we 

deal with that issue by applying the inverse hyperbolic sine transformation (Burbidge et 

al., 1988), but such is not completely satisfactory. On the other hand, a Tobit model (as 

used in Hitaj, Schymura, and Löschel, 2014) is not the right approach either, because 

the data are neither really censored nor truncated. The nonexistence of negative values 

in the dependent variable is due to the fact that the number of wind generators is a count 

variable, which is essentially just multiplied by the average capacity of the plants. As a 

result, the dependent variable follows a Poisson distribution. Therefore, we believe that 

the pseudo-Poisson model, which can deal with both zeros and non-integer numbers, is 

the appropriate approach (Santos Silva and Tenreyro, 2006; Brown and Dunn, 2011). 

Therefore, the main model is as follows: 

 

 Wind power capacity additions = [exp(α0 + αixi)] + ε, 

with xi: independent variable i (sometimes in log-form) 

 

In fact, the log-linear OLS model and the Poisson model are somewhat related analyti-

cally, which can be seen as follows, and only the error structures differ: 

  

 Poisson model: y = [exp(α0 + α1x)] + ε 

 

OLS model: ln(y) = ß0 + ß1x + μ  exp[ln(y)] = y = exp[ß0 + ß1x + μ] 

 

As a robustness test, we will compare the coefficient estimates from all three regression 

models (pooled OLS, fixed effect OLS, and pooled Poisson). Because of the constant 

elasticity nature of wind power capacity additions with respect to many independent 

variables, these variables were converted into log-form, using the inverse hyperbolic 

sine approach (to deal with the negative values). The model to be estimated is a pooled 

panel. Alternatively, we present results from a fixed effect model, in which invariant 

and unobserved county-specific factors are controlled. 

Since it is expected that the error terms are correlated within counties, we use standard 

errors clustered by the 402 counties in order to be robust with respect to heteroscedastic-

ity and serial correlation. To avoid issues of endogeneity and to smooth the data, we use 
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the five-year moving average of the lagged property values. We expect no endogeneity 

in regard to all the other variables.
9
 

In a second step, taken to obtain a deeper understanding of the economic significance of 

the policy variables, we conduct a counterfactual analysis for two sets of independent 

variables: political determinants (county green party percentage and left-of-center state 

governments) and unemployment as a regional economic policy variable of interest. The 

counterfactual analysis takes the following form. First, we predict additions in wind 

power capacity based on the full data set of actual observations. Then, we predict addi-

tions in wind power capacity using a data set with counterfactual observations. As a 

matter of consistency we (unrealistically) assume a level or percentage of zero, that is, 

0% green party votes, for example. Finally, we compare the predictions of both cases, 

by taking the differences, in order to determine what influence green party votes have 

on wind power capacity when controlling for all other factors. We are especially inter-

ested in the order of magnitude of the absolute and the relative (percent) difference to 

determine the importance of the variables. 

 

 ∆𝑦′ = �̂� − �̂�′,  

𝑤𝑖𝑡ℎ 𝑦 ̂ 𝑡ℎ𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 𝑢𝑠𝑖𝑛𝑔 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑑𝑎𝑡𝑎 𝑎𝑛𝑑 �̂�′𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑡𝑢𝑎𝑙 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒 

 

We have several possibilities to represent the regional dimension in our analysis. First, 

the model runs can be aggregated to the state level to focus on interstate differences. 

Second, results can be shown by four county categories as operationalized by the Feder-

al Institute for Research on Building, Urban Affairs and Spatial Development to chiefly 

reflect the role of urbanization. The Institute distinguishes between large cities, urban 

areas, intermediate areas, and very rural areas.
10

 Finally, instead of aggregating the vari-

ables we can keep the original county level to highlight intrastate differences.  

 

5. Results 

Table 2 presents the baseline regressions, which subsequently serve to calculate coun-

terfactual scenarios. Model 1 uses a Poisson regression; Models 2 and 3 serve as robust-

                                                 
9
 We tested reverse causality with respect to GRP per capita and unemployment, i.e., whether 

wind turbines have a significant influence on these variables in the aggregate, and find no 
robust evidence of it, thus confirming recent findings by May and Nielsen (2015). 

10
 Large cities have more than 100,000 inhabitants. In urban areas, at least 50% of the popula-
tion lives in cities and/or the population density is above 150 people/km

2
. In intermediate ar-

eas, at least 50% of the population lives in cities and the population density is below 150 
people/km

2
. Counties with less than 50% of the population in cities, but a population density 

above 100 people/km
2
, also qualify as intermediate areas. In rural areas, less than 50% of 

the population lives in cities and the population density is below 100 people/km
2
. 
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ness checks and use pooled OLS and OLS fixed effects regressions. For Model 1, all 

variables show the expected signs and are mostly significant at least at the 10% level. 

Models 2 and 3, have fewer significant coefficients but, for the most part, their signs are 

in the expected direction. The growth of wind power capacity is higher in larger coun-

ties, in counties with more suitable land, and in counties with fewer hills and mountains. 

The dependent variable rises with the wind-based net present value of the electricity 

output, and also increases with average stock of capacity already in place, which reflects 

agglomeration advantages and/or localization economies (local spillovers). In the fixed 

effect model, we find a negative sign, which points to a saturation (or congestion) ef-

fect. High land values slow down wind power expansion. More broadly, the average 

gross regional product (GRP) per capita is positively associated with wind capacity 

growth, but the impact diminishes at higher levels. However, GRP per capita is signifi-

cant only in the Poisson model, not in the OLS models. GRP per capita and land values 

are strongly positively correlated (correlation coefficient of 0.57). These variables are 

also likely to capture the impact of urbanization. Disposable income per capita is not 

significant (and positive) in all models. Therefore, the possibility of NIMBY effects is 

not supported by our data. 

We find evidence that support for the green party creates a push for wind energy. A 

10% increase in the number of votes garnered by this party increases the dependent var-

iable by about 0.3–0.4%. Moreover, wind energy development seems to be facilitated 

when the state government is left of center. This is consistent with evidence that right-

of-center governments are, on average, more likely to restrict wind installation place-

ments via ordinances or restrictive planning requirements (Hirschl, 2008). However, the 

magnitude of the coefficient is by one order smaller than the green party coefficient. 

Our baseline results also show, across model types, that higher average unemployment 

rates lead to wind capacity growth. A 10 percentage point increase in the unemployment 

rate increases capacity by 0.2–0.5 % (depending on the model used). This is the same 

order of magnitude as for the green party. 

 

Table 3 and 4 present the results for the counterfactual analysis discussed in Section 4. 

Focusing on green party votes and unemployment, which are both significant in the 

baseline regression, we expect to see considerable differences across states and across 

county types. Results are reported in absolute differences in kW per 1,000 capita, as 

these differences are most relevant when considering the capacity growth of wind ener-

gy. In addition, we also discuss relative differences in percentage points (in parenthe-

ses). 
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Table 2: Base models 

 Model (1) Model (2) Model (3) 

Model Type Pseudo-Poisson Pooled OLS OLS fixed effects 

Dependent variable 
Wind power capac-

ity additions 

Wind power capacity 

additions (log) 

Wind power capaci-

ty additions (log) 

Number of observations 4,824 4,824 4,824 

Appropriate R
2
-measure 0.590 0.430 0.028 

ln(Area) 0.573*** (0.079) 0.575*** (0.13)  

Share of suitable area 1.619*** (0.374) 5.719*** (0.728)  

ln(Stock of wind plants) 0.288*** (0.032) 0.234*** (0.020) -0.190*** (0.041) 

Relief measure -0.003*** (0.001) -0.002 (0.002)  

Wind-based NPV of elec-

tricity output/1,000 
0.002*** (0.001) 0.003** (0.001) 0.002* (0.001) 

Lagged property values -0.199** (0,077) -0,718*** (0,196) -1,763*** (0,363) 

Per capita gross regional 

product (GRP)/1,000 
0.064** (0.032) 0.0083 (0.038) -0.040 (0.065) 

(Per capita GRP/1,000)
2
 -0.977* (0.591) 0.215 (0.450) 0.342 (0.540) 

Disposable income per 

capita 

0.047 

(0.030) 

0.084 

(0.052) 

0.092 (0.085) 

Green party votes 3.050* (1.765) 4.135* (2.515) 4.317* (2.649) 

Left-of-center state gov-

ernment 
0.170** (0.079) 0.598*** (0.175) 0.480** (0.185) 

Unemployment rate 2.240* (1.199) 5.178* (3.150) 4.540 (3.560) 

Control variables 
State fixed effects 

time trend 

State fixed effects 

time trend 

 

Time trend 

 

Table 3 focuses on differences between states. The second column reports the results on 

the role of green party support relative to no green party votes; the third column shows a 

combined measure of green party support and the presence of left-of-center government. 

Normalized by population, Schleswig-Holstein has the biggest green party effect as well 

as the biggest “combined effect”: over the 12-year time period from 2001 to 2012, 168.8 

kW per 1,000 capita of additional wind capacity was installed in this state. Brandenburg 

and Lower Saxony follow closely. For these three states, the absolute effect is more than 

10 times as big as in Baden-Würtemberg or Bavaria, which have only 13.6 or 10.7 

kW/1,000 capita of additional wind capacity, respectively. City states have, as expected, 

low values of wind power expansion. The reason for the large differences between 
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states is the fact that green party voting interacts dynamically with the other variables, 

such as land availability, relief, wind (as part of the wind-based NPV of electricity out-

put), property values, and, especially, the past stock of wind power. This means that in 

states with less wind power to begin with, fewer additional power plants will be built, 

even if the number of green party votes is high, and vice versa. Thus, green party votes 

function like a multiplier, essentially magnifying the already existing other forces. Also, 

the combined effect together with the left-of-center government does not much change 

the previous ranking based on green party votes only. This is because of the difference 

of one order of magnitude between the green party votes and the left-of-center govern-

ment. The additional effect due to left-of-center governments has a stronger impact only 

on Schleswig-Holstein, Brandenburg, Mecklenburg-West Pomerania, and Rhineland-

Palatinate. This is not true for states with an absence of left-of-center governments dur-

ing that time period, such as Bavaria, Hesse, Saarland, Saxony, and Thuringia. 

In relative terms, the isolated green party effect and the combined effect with the left-of-

center government are strongest in Baden-Würtemberg (apart from the city-states). Rel-

ative to no green party votes, Baden-Würtemberg does account for a wind power ca-

pacity expansion of almost 27% (28.6% for the combined effect). While absolute wind 

power capacity growth can vary widely compared to the percent change due to the in-

teractions of green party votes with other variables (as described above), the relative 

values provide somewhat of a benchmark for comparing and interpreting the absolute 

values. For example, for Baden-Würtemberg this means that while the green party is 

influential in the state and can take responsibility for a large relative expansion of wind 

energy, the absolute amount of wind power capacity growth is still limited because of 

the other variables, which are more of a constraint. In addition to Baden-Würtemberg, 

absolute wind power capacity growth is lower than expected, based on green party pres-

ence, in some other states, too, such as Hesse and, most remarkably, the city-states Ber-

lin and Hamburg. On the other hand, Brandenburg, Saxony-Anhalt, and, to some extent, 

Mecklenburg-West Pomerania show much larger absolute wind power capacity growth 

than expected based on green party votes. 

More generally, the relative green party effects are stronger in West compared to East 

Germany (based on the election results), albeit from different absolute levels from state 

to state. West German states reach a share of between 12% and 27%, whereas in the 

East German states, this share is between 9% and 18% (excluding the city-states). Fur-

thermore, there are marked differences between the two halves of the country that stem 

from the presence of left-of-center governments. For example, in Mecklenburg-West 

Pomerania, the capacity effect due to realized green party votes is only 77 kW per 1,000 

capita or 9.1%. However, due to its strong tendency toward left-of-center government, 

green party support can be complemented by favorable state-level policies to almost 

https://dict.leo.org/#/search=Mecklenburg-West&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Pomerania&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Rhineland-Palatinate&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Rhineland-Palatinate&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Mecklenburg-West&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Pomerania&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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double the previous values based on green party votes only. Similar strong state gov-

ernment effects can be observed in North Rhine Westphalia, Schleswig-Holstein, and 

Rhineland-Palatinate. 

The fourth column of Table 3 reports the results for the unemployment rates, a variable 

that can be interpreted similarly to green party votes above (especially in terms of inter-

actions with other variables and the multiplier/magnifying effect). Regarding absolute 

changes, the biggest unemployment effect is observed for Brandenburg: over the 12-

year time period from 2001 to 2012, 516 kW per 1,000 capita of additional wind capaci-

ty was installed. This is by far the biggest effect among all the states, followed by Saxo-

ny-Anhalt and Mecklenburg-West Pomerania. Absolute capacity differences between 

East and West Germany are more pronounced for unemployment than for green party 

votes. The absolute capacity effect is still clearly above the West German average for 

Saxony-Anhalt and Mecklenburg-West Pomerania, but it is less relevant in Thuringia 

and particularly in Saxony. It seems that the placement of wind turbines in these two 

eastern states is not so strongly perceived as a means of providing employment oppor-

tunities. Baden-Würtemberg and Bavaria have the lowest values (between 5.2 and 7 kW 

per 1,000 capita). Comparing the states at the extremes we find that the differences for 

the unemployment effect are much more pronounced than in the case of green party 

votes. 

Considering the relative impact of unemployment on wind power capacity confirms the 

previously observed sharp differences between East and West Germany with respect to 

unemployment. The relative impact of unemployment on wind power capacity is about 

twice as high in East compared to West Germany (from different absolute levels). In 

Schleswig-Holstein there is large wind power expansion due to unemployment despite 

low unemployment figures (and little relative growth) because of the interactions of 

unemployment with the other variables favoring wind power. The opposite is true for 

Saxony and Thuringia, where, despite high unemployment (and high relative wind pow-

er growth), there is little in terms of absolute wind power capacity expansion. 

 

 

https://dict.leo.org/#/search=Rhineland-Palatinate&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Mecklenburg-West&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Pomerania&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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Table 3: Counterfactuals over the 12-year period for green party combined with left-of-center 

state government and unemployment (absolute differences for wind power capacity in 

kW per 1,000 capita and relative differences in % in parentheses) 

 
Green party 

GP with left-of-center state 
government 

Unemployment 

Baden-Württemberg 
13.609 
(26.9%) 

14.496 
(28.6%) 

5.178 
(10.2%) 

Bavaria 
10.668 
(16.6%) 

10.668 
(16.6%) 

6.952 
(10.8%) 

Berlin 
0.202 

(34.6%) 

0.244 
(41.7%) 

0.159 
(27.2%) 

Brandenburg 
153.764 

(9.2%) 

229.093 
(13.7%) 

515.997 
(30.8%) 

Bremen 
86.256 
(36.5%) 

97.894 
(41.4%) 

60.485 
(25.6%) 

Hamburg 
4.383 

(27.2%) 

4.624 
(28.7%) 

2.989 
(18.6%) 

Hesse 
19.534 
(20.9%) 

19.534 
(20.9%) 

13.870 
(14.8%) 

Mecklenburg-West Pom-
erania 

77.775 
(9.1%) 

150.166 
(17.6%) 

282.466 
(33.1%) 

North Rhine-Westphalia 
25.476 
(17.9%) 

37.087 
(26.0%) 

22.660 
(15.9%) 

Lower Saxony 
133.355 
(18.4%) 

154.730 
(21.4%) 

123.955 
(17.1%) 

Rhineland-Palatinate 
67.796 
(16.2%) 

98.566 
(23.5%) 

51.783 
(12.3%) 

Schleswig-Holstein 
168.779 
(17.6%) 

235.427 
(24.5%) 

165.280 
(17.2%) 

Saarland 
18.692 
(12.3%) 

18.692 
(12.3%) 

20.721 
(13.6%) 

Saxony 
15.237 
(9.6%) 

15.237 
(9.6%) 

47.304 
(29.9%) 

Saxony-Anhalt 
129.230 
(10.4%) 

146.542 
(11.8%) 

382.854 
(30.9%) 

Thuringia 
30.886 
(9.6%) 

30.886 
(9.6%) 

89.100 
(27.6%) 

 

https://dict.leo.org/#/search=Mecklenburg-West&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Pomerania&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Pomerania&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
https://dict.leo.org/#/search=Rhineland-Palatinate&searchLoc=0&resultOrder=basic&multiwordShowSingle=on


22 

 

Table 4 focuses on county types. As a result of green party votes, as well as its combi-

nation with left-of-center governments, the largest percent growth happens in the cities. 

Yet, this is still very little in terms of absolute wind power capacity expansion (5.6 

kW/per 1,000 capita vs. 130 kW/per 1,000 capita in very rural areas). On the other hand, 

completely rural areas with the most wind power growth in terms of absolute values 

have the smallest amount of percent change. Thus, civil society support (proxied by 

green party votes) has a far bigger impact on the intended growth of capacity in rural 

areas where natural and spatial characteristics are on average more favorable to wind 

power and where the interference of wind power with the population is lower. Regional 

green policy preferences and natural and spatial characteristics mutually reinforce each 

other in the countryside. 

A similar pattern emerges between county types when it comes to absolute unemploy-

ment impact. The absolute difference between intermediate and completely rural areas 

is now relatively stronger than it was for the green party votes (257 kW/per 1,000 capita 

vs. 176 kW/per 1,000 capita in very rural areas). The relative unemployment impact is 

different from the relative green party impact; differences between county types are now 

less pronounced. 

Finally, we make counterfactual predictions at the county level. While the potential for 

over- or underpredictions is greater here, such an exercise is useful for illustrating the 

amount of intrastate heterogeneity in wind power capacity growth. Map 1 shows, for the 

green party effect combined with left-of-center state government, the absolute differ-

ence in wind power capacity in kW per 1,000 capita.
11

 Counties are sorted into five cat-

egories, reflected by shading, according to the predicted growth effect, with high-

growth counties in darker shades. 

                                                 
11

 The results are very similar to the isolated green party effect. Therefore, we present only the 
results for the combined effect. 
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Table 4: Counterfactuals over the 12-year period for green party combined with left-of-center 

 state government and unemployment (absolute differences for wind power capacity in 

 kW per 1,000 capita and relative differences in % below in parentheses) 

 
Green party 

GP with left-of-center state 
government 

Unemployment 

City 
5.577 

(28.3%) 
6.494 

(33.0%) 
4.725 

(24.0%) 

Urbanized 
30.097 
(18.8%) 

38.550 
(24.0%) 

26.702 
(16.6%) 

Intermediate 
71.646 
(15.4%) 

86.256 
(18.6%) 

96.129 
(20.7%) 

Completely rural 
130.413 
(12.4%) 

176.209 
(16.8%) 

256.529 
(24.5%) 

 

All of the counties in Bavaria, Baden-Württemberg, Saarland, and Thuringia are in the 

two lowest categories. In the states, the absolute green party effect is not only quite 

moderate (as stated above), but intrastate heterogeneity is also relatively low despite the 

mixture of more rural and more urbanized counties. In Bavaria, for example, a number 

of cities fall into the lowest growth category, but so do many of its surrounding coun-

ties. By contrast, intrastate heterogeneity is quite pronounced for Rhineland-Palatinate, 

Lower Saxony, Saxony-Anhalt, Schleswig-Holstein, and Brandenburg (all five catego-

ries are represented in these states). Some of the extreme differences can be explained 

by the presence of cities (e.g., low values for Potsdam in Brandenburg), but not all of 

them, particularly not those between the southern and northern parts of Lower Saxony 

and the northeast and southwest of Rhineland-Palatinate. However, these differences 

can be explained by the multiplier effect of the green party vote, which is even more 

clearly visible at the county level, and magnifies the impact of favorable wind power 

plant locations on the dependent variable. 

Map 2 presents the results for unemployment. Overall, intrastate heterogeneity with 

respect to unemployment is less pronounced here than it was for green party votes. In 

Bavaria and Baden-Württemberg, all counties fall in the lowest category of wind power 

capacity growth. In East Germany, where the absolute unemployment effect is more 

important, intrastate heterogeneity is quite pronounced, such as in Saxony-Anhalt and, 

particularly, in Brandenburg. For example, in northeast Brandenburg, counties in the 

second lowest wind power growth category border counties in the highest and second-

highest categories. Again, some of the intrastate differences, such as in Lower Saxony, 

is due to the multiplier effect of unemployment, which has a magnifying effect where 

wind power plant conditions are already good (e.g., coastal areas). 
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6. Conclusion 

 

This paper sheds light on the determinants of heterogeneous growth patterns in wind 

power capacity among German states and counties (county types). In contrast to other 

research on this topic for Germany, which is mostly descriptive in nature and based on 

case studies, we engaged in a quantitative, top-down analysis based on regression mod-

eling. Based on counterfactual scenarios, our main contribution to the literature is to 

reveal the role of explanatory variables influenced at the regional level. 

Our baseline results show that the unemployment rate, green party votes in state elec-

tions, and the political orientation of state governments have explanatory power for re-

gional incentives to expand (restrict) wind power. There is considerable regional varia-

tion in these variables. Moreover, these differences tend to magnify existing differences 

based on (relatively fixed) natural and spatial characteristics as well as historical siting 

decisions. This is consistent with the findings of Shrimali et al. (2015), who suggest that 

responsiveness to renewable energy policies in a given state depends on that state’s re-

source potential for that renewable energy. In absolute terms, the differences in these 

variables are far more pronounced for the impact of unemployment than for green party 

votes (or the combined measure with left-of-center state government). Particularly in 

East Germany and some north German states, wind energy expansion appears to be per-

ceived as a means of securing economic and labor market benefits. Unless this percep-

tion can be changed or, alternatively, some working compensation scheme can be de-

signed, this link to the labor market situation makes coordination of energy policies and 

the reform of the REA difficult. With regard to the degree of urbanization (proxied by 

county types), our results suggest that regional green policy preferences and regional 

unemployment rates reinforce the tendency to build wind power capacity in more rural 

areas. 

In the future, it is to be hoped that quantitative analyses of the expansion of renewable 

energies can be conducted with better regional-level data. Aggregate green party votes 

are admittedly only a rough proxy for civil society support for renewable energies. 

Moreover, voting for the green party may mean different things in different regions giv-

en the historical legacy of the green party across Germany. Also, dummies for left- or 

right-of-center state governments cannot fully capture the complexity of the wind ener-

gy policies and regulations of the states. For example, it would be useful for future re-

search to have better data quantifying how wind energy areas are designated at the re-

gional level and over time (following Einig and Zaspel-Heisters, 2014). Alternatively, 

micro-level data could shed more light on how individual and social preferences shape 

local and regional decision-making processes and how this differs across regions. The 

labor market effects of renewable energy projects have already been investigated using 



27 

 

regionally disaggregated macro and input-output models (Ulrich and Lehr, 2013), but 

little is known about how local decision-makers’ expectations about the economic and 

labor market effects of renewable energy projects are shaped, expectations that are in 

themselves important for the different prospects of wind energy investors from region to 

region. 

It also seems important for future work to distinguish between different types of wind 

energy projects, mainly in terms of ownership and citizen participation. Unfortunately, 

our data do not allow distinguishing between wind energy projects funded by institu-

tional investors, utilities, or various types of citizen-based investments (Bürgerenergie). 

Aside from energy cooperatives and some plant-by-plant figures, there is little public 

information about ownership structures that can be used for comparison and quantitative 

analyses across regions. For energy cooperatives, Holstenkamp and Müller (2013) pre-

sents statistics on the geographical distribution of citizen-led energy cooperatives by 

states, indicating that their number (weighted by population) is highest in Bavaria, Low-

er Saxony, Baden-Würtemberg, Schleswig-Holstein, and Hesse.
12

 Ammon et al. (2013) 

argue in this context that many East German states lack the capital to finance renewable 

energy projects (despite the REA), so that projects are often realized by investors from 

West Germany or abroad, meaning that the benefits are realized partly or mainly outside 

of the project location. Following this argument, the level of community acceptance is 

obviously co-determined by the level, and possibly type, of economic benefits that ac-

crue to a community investing in wind power. In other words, citizen support, commu-

nity acceptance, and economic or labor market aspects would then be strongly inter-

linked when it comes to wind power. 
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