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0. Abstract 

We use spatial analysis to identify exposure and resilience of German administrative districts 

to carbon transition. Regional shares of employment in five energy-intensive industries and 

the automotive sector are calculated as a measure of exposure. A set of demographic and so-

cio-economic indicators measure the resilience of these administrative districts. Our results 

show that exposure is concentrated in a few regions. Resilience differs significantly region-

ally; interestingly, regions with particular industries show remarkably different resilience pro-

spects. We provide granular data to policymakers aiming to sustainably drive carbon transi-

tion, highlighting the need for targeted region- and industry-specific policy measures, sup-

porting communities nationwide. 
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1. Introduction 

Carbon neutral in 20 years – Germany’s current political goal for combating climate change 

sets an end to net emitting greenhouse gases by the year 2045 (Deutscher Bundestag 2019). 

The legislation requires a swift phase-out of greenhouse gas emissions, called carbon transi-

tion, implying a structural shift from fossil-fuel dependence to carbon-neutral technologies. 

For Germany, as the fourth largest economy in the world, this is a great challenge, particularly 

for the sectors of the economy that rely the most on fossil inputs and historically embodied 

them. These industries, at the core of German wealth (Emons, Steinhaus, and Kraft 2022), are 

unevenly distributed across the country, causing some regions to experience a greater chal-

lenge to the carbon transition, as regional dependency on the respective industries varies. 

Simultaneously, regional adaptive capacity to this structural change and the deployment of 

new production technologies varies considerably, translating into heterogeneous regional re-

silience. Consequently, some regions are more vulnerable to the carbon transition, as they rely 

highly on fossil fuel-dependent industries and incorporate low transformational resilience. 

Historical examples of regions experiencing structural transformations, such as the Ruhr 

Area, highlight the need for policies supporting the most vulnerable regions to manage such 

transitions economically and socially successfully (Goch 2014). Therefore, detailed 

knowledge of exposure and resilience to carbon transition is pivotal to identifying regional 

needs and thus provides the basis for targeted policies to achieve climate targets. 

This paper aims to deliver such information as it analyses regional exposures to six fossil-de-

pendent industries in the manufacturing sector and further assesses the resilience characteris-

tics of the most exposed regions. In doing so, exposure is measured as the share of regional 

employment in the following industries: “Food, Beverage, and Tobacco Production”, “Paper 

Production”, “Chemical Production”, “Glass, Ceramics, and Mineral Production”, “Metal 

Production”, and “Automotive Production”. The six industries are especially exposed to the 
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carbon transition since their current production and/or products are highly fossil-fuel-depend-

ent, requiring a structural change in production technologies (German Environment Agency 

2022; Goch 2014). Our approach further links regional resilience to exposure to identify the 

regions needing additional support in managing the carbon transition, following frameworks 

applied by Raimi et al. and Synder for the United States of America (Raimi, Carley, and 

Konisky 2022; Snyder 2018). A focus is put on demographics, accounting for their relevance 

in affecting a region’s adaptive ability to changes in the labour market (Federal Agency for 

Civic Education 2021a; 2021b). Our analysis adds granularity to existing literature, providing 

industry-specific exposures and resilience characteristics on the level of Germany’s 400 ad-

ministrative districts. It thereby broadens the knowledge of regional heterogeneity in vulnera-

bility to carbon transition and equips policymakers with in-depth information.  

We find great heterogeneity in exposures and resiliencies across regions and industries, high-

lighting the necessity for targeting policies to local needs. Dependencies on employment are 

concentrated in a few regions, with numerous showing significant exposure to several indus-

tries. Clusters of exposures to metal production, and glass, ceramics, and mineral production 

are worrisome as the affected regions show low resilience. Accordingly, enhanced support for 

economic development is needed to address such regions’ historically weak economic perfor-

mance. Further, population characteristics differ greatly, underpinning the need to target poli-

cies aiming to increase the adaptive capabilities of individuals in the carbon transition through 

labour market integration and education on local features. 

This paper is structured as follows. The first part provides a general overview of the main cli-

mate legislation in the European Union (EU) and Germany, the effects of such on economic 

performance and employment, and existing literature on the exposure and vulnerability of re-

gions in Germany to carbon transition. In the second part, the methodology of this paper is set 
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out, introducing so-called “Exposure Indicators” and “Resilience Indicators”. The results of 

the analysis are presented in the third part and discussed in the fourth part. 

2. Literature Review 

As climate policies stemming from society’s climate goals drive carbon transition, an over-

view of the main policies in the European Union (EU) and Germany is essential for this study 

and, therefore, presented in the first section of the literature review. Following in section two, 

the economic and employment effects of the policies in place and the carbon transition, in 

general, are evaluated. The understanding of such is hereby crucial for assessing exposure and 

resilience. Lastly, section three summarises existing literature on German regions' exposure 

and economic heterogeneity, providing existing findings. 

2.1. Carbon transition policies in Germany and the European Union  

Germany and the EU take a three-fold approach to decarbonisation by pricing greenhouse gas 

emissions, incentivising investments into low-carbon technologies, and directly regulating 

products (Grubb n.d.). First, the European Emission Trading System (ETS) represents climate 

policy’s centrepiece, driving emissions down using a market-based pricing approach 

(European Union 2003). Transitional pressure stemming from the ETS is expected to increase 

as the phase-out in the allocation of free allowances and the broadening of its scope lead to a 

steeper price trajectory (European Union 2023a; Pahle, Sitarz, and Osorio 2022). Second, in-

vestments in low-carbon technologies are actively supported. On the European level, the Just 

Transition Mechanism and the Recovery and Resilience Facility represent voluminous frame-

works that fund member states deploying green investments (European Commission n.d.; 

European Union 2021). On the German level, the schemes “Gemeinschaftsaufgabe 

„Verbesserung der regionalen Wirtschaftsstruktur“” (GRW), and “Dekarbonisierung der In-

dustrie” aim at incentivising investments aligned with the carbon transition in economically 

weak regions and the industry, respectively (Federal Ministry for Economic Affairs and 
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Climate Action 2023; Federal Ministry of Finance 2022; Federal Ministry of Justice 1969; 

The Federal Government of Germany 2020b). Lastly, dedicated programmes are launched to 

support the sectoral transformation in energy-intensive and automotive industries. The so-

called “Kohlekompromiss” reached in 2020 determines the phase-out of coal mining in Ger-

many, representing a holistic approach to managing regional structural change (Federal Min-

istry of Education and Research 2020). In contrast, actions aimed at supporting the climate-

friendly transformations of steel production, the build-up of a hydrogen infrastructure, and the 

electrification of the mobility sector focus solely on incentivising infrastructural investments 

and demand (Federal Ministry for Economic Affairs and Climate Action 2022; The Federal 

Government of Germany 2023a; 2022b; 2020a). In addition, to address the employment ef-

fects of the carbon transition, a general training offensive is pursued, which has been rein-

forced by law, but state support measures are rarely utilised (Bundestag 2023; Kruppe, Lang, 

and Leber 2021; The Federal Government of Germany 2022a). 

2.2. Economic and employment effects of carbon transition policies 

The EU Emissions Trading System (ETS) is pivotal for driving the carbon transition in the 

European Union. Numerous studies show the EU ETS has not adversely affected economic or 

employment performance (Löschel, Lutz, and Managi 2019; Martin, De Preux, and Wagner 

2014; Wagner, Rehdanz, and Petrick 2014; Verde 2020). However, these results should be 

carefully evaluated as findings are based on early ETS phases with low emission coverage 

and carbon prices (Joltreau and Sommerfeld 2019). In contrast, agreed changes to the EU ETS 

could alter its future impact, potentially raising carbon prices more swiftly with adverse ef-

fects, especially for energy-intensive industries and employment in general (Bassi, Yudken, 

and Ruth 2009; European Union 2023b; Känzig 2023; Pahle, Sitarz, and Osorio 2022). 

Considering the employment effects of the carbon transition in Germany a study by Bähr et 

al. estimates that 1.7 million jobs in the manufacturing sector are at risk due to a persistent 
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energy price disadvantage to global competitors (Bähr et al. 2023). Besides this wide-ranging 

threat to employment, Marin and Vona find skill bias in the labour effects of the carbon tran-

sition, favouring high-skilled jobs as new technologies are deployed (Marin and Vona 2019). 

As a result, some individuals incur high transition costs due to reskilling, highlighting the 

need for targeted public support along the socioeconomic needs (European Commission. 

Directorate General for Economic and Financial Affairs. 2022; Saussay et al. 2022). 

2.3. Exposure and vulnerability to carbon transition in Germany’s regions 

Economic literature acknowledges significant heterogeneity between German administrative 

districts regarding economic and living standards. In general, two lines of divergence emerge, 

one between regions in former East Germany and former West Germany and one between ru-

ral and urban areas (European Commission 2022). Simplistically speaking, economically 

strong regions are concentrated in the south of Germany and surrounding urban centres. The 

economic division is essentially rooted in four historical circumstances: the division of Ger-

many, the decentralised German “Mittelstand”, demographic change and regional deindustri-

alisation (Federal Ministry of Food and Agriculture 2020; Goch 2014; Hüther, Südekum, and 

Voigtländer 2019; The Federal Government of Germany 2023b). 

Regional divergence in economic robustness is also observed in regional exposure and vulner-

ability to the carbon transition, as two analyses from McDowall et al. and the Organisation of 

Economic Cooperation and Development (OECD) demonstrate, considering employment 

shares in selected energy-intensive industries (McDowall et al. 2023; OECD 2023). The 

PPMI Group supports the findings, which calculated the share of regional employment work-

ing at installations covered by the EU ETS (European Commission and PPMI Group 2021).  

Analysing regional exposure to ecological and digital transformation and the structural 

changes in the automotive sector, Dr Lichtblau et al. identify 117 administrative districts es-

pecially exposed (Dr Lichtblau et al. 2022). The reports’ findings align with other analyses 
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showing administrative districts in the south of Germany to be structurally strong, implying 

greater resilience to the changes ahead. At the same time, regions sprawling from an imagi-

nary line from North Rhine-Westphalia to Brandenburg have the highest vulnerabilities. 

While existing literature provides a thorough indication of general exposures and vulnerabili-

ties, the density of knowledge fades when looking at the level of administrative districts. This 

paper aims to provide such granularity by offering industry- and regional-specific indicators 

for employment exposure to six industries most affected by decarbonisation. Our work adds 

essential information for policymakers as it assesses regions experiencing the highest vulnera-

bility to the carbon transition by connecting exposure to regional resilience. 

3. Methodology 

Two categories of indicators are introduced to address our research question. Exposure Indi-

cators provide information on employment shares in particularly fossil-fuel-dependent indus-

tries at the level of administrative districts. Considering economic and socio-demographic 

data, Resilience Indicators explore regional vulnerability given the necessary structural shifts 

in employment and the labour markets stemming from the carbon transition.  

3.1. Exposure Indicators 

Six exposure indicators are introduced to assess the exposure of administrative districts to the 

carbon transition in the manufacturing sector. In general, higher shares in the six indicators 

constructed signal higher regional exposure to the carbon transition in the manufacturing sec-

tor as labour markets depend more on an industry undergoing a structural change (Table 1). 

Each indicator provides information on the share of regional employment in an energy-inten-

sive manufacturing industry. The selection of economic branches is based on the energy in-

tensity of industry, as given by data from the Federal Environment Agency (German 

Environment Agency 2022). Additionally, automotive production was included, accounting 
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for the sector's economic relevance to the German economy (Federal Ministry for Economic 

Affairs and Climate Action n.d.). 

The indicators are constructed based on two data sets retrieved from the German Federal La-

bour Office, providing granular data on employment by profession groups (as of December 

2021) and employment by economic subsectors (as of June 2022), respectively (Federal 

Employment Agency 2023; n.d.). The latter data set seems more suitable for answering the 

research question since it categorises employment into the considered industries. However, 

due to data gaps related to automotive production and chemical production, the respective in-

dicators are constructed using employment data by professional groups (Federal Institute for 

Vocational Education and Training (BIBB) 2010). The “petroleum and coking production” 

sector could not be assigned to any job group; it is therefore not considered. 

The difference in the cut-off dates of the two data sets is not considered a significant issue, as 

drastic changes in employment in the respective time span from December 2021 to June 2022 

are not expected to have occurred. In general, higher shares in the six indicators constructed 

signal higher regional exposure to the carbon transition in the manufacturing sector as labour 

markets depend more on an industry undergoing a structural change. 

The results are presented through visualisation to show geographical variation. A threshold is 

introduced to account for the distribution of exposure that concentrates in a few regions. Ac-

cordingly, regions with values surpassing the sum of the national average plus two times the 

standard deviation are considered ‘most exposed’. Lastly, an aggregate of the six exposures is 

calculated to show overall exposure to the six industries analysed. 
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Table 1: Exposure Indicators 

 

3.2. Resilience Indicators 

Thirteen economic and socio-economic indicators are introduced to assess regional resilience. 

Each indicator provides data on one aspect of resilience in the context of the carbon transition, 

contributing to constructing a granular picture of disparities between administrative districts, 

thus offering detailed information for targeting policies to local needs. 

As the reliance of regional labour markets on fossil-dependent industries is the measure of ex-

posure, the assessment of the resilience of administrative districts focuses on the adaptive ca-

pacity of these to changes in employment and labour demands. For this reason, a focus is put 

on demographic characteristics as they pose extensive implications for adaptive ability. 

Younger populations, for example, might find it easier to adjust to structural changes and thus 

harbour greater resilience. Considering the share of foreign nationals, the interpretation is 

more ambiguous, as high shares might indicate strong local economies attracting well-edu-

cated people from abroad (Munich, for example) or can also signal the need for enhanced in-

tegration measures (Offenbach am Main, for example). The full list of indicators and a justifi-

cation for each indicator's inclusion in this framework is given in Table 2. 

Most indicators are static, providing information for the year 2021. In contrast, the indicators  
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“Population Trend” and “GDP Trend” offer historical trends for population growth and 

growth in GDP per capita since 2000, respectively. The reason for considering trends in these 

metrics is that they offer information on the structural state of regions. Possible declines in 

population and GDP per capita are, for example, not reflected in static analysis despite posing 

crucial information for correctly assessing regions' social and economic backstories. 

Data for this section was retrieved from official sites and matched with the respective admin-

istrative districts as of 2021 using the official county register from the Federal Statistical Of-

fice (Bundeskriminalamt 2023; Federal Employment Agency n.d.; German Federal Statistical 

Office n.d.; 2022; Statistische Ämter des Bundes und der Länder 2022; n.d.). 

The findings of the Resilience Indicators are presented in table format for the most exposed 

administrative districts for each industry. Regional resilience is thereby assessed by compar-

ing the respective values of an administrative district in each metric against the national distri-

bution. The administrative districts were categorised into deciles according to their respective 

values in each metric. The presentation of data in this format enables accurate and uninflu-

enced observation of regional characteristics and thus enables more precise adaptation of pol-

icy measures to local conditions. 

Further, to showcase the specific resilience attributed to population characteristics, an index 

was calculated using “Population Trend”, “Population Density”, “Average Age”, and “For-

eign Nationals” as inputs. Therefore, an average of the ranks considering deciles of adminis-

trative districts in each of the four metrics was calculated. Accordingly, higher averages indi-

cate higher resilience, with the indicator ranging from 1 to 10. The results are presented 

graphically, for which the online software Datawrapper was used (Datawrapper GmbH n.d.).  
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Table 2: Overview of Indicators of Category Resilience Indicators 

 

3.3. Correlation of Indicators 

Since the Resilience Indicators aim to provide variability to the dimensions of exposure, inde-

pendence between Resilience Indicators and Exposure Indicators is important. Running a re-

gression shows only a small correlation between both groups, which is expected given their 

thematic overlap (see Table 3 in Annexe).  

At the same time, some higher correlations are observed within the Resilience Indicators 

group, warranting further discussion. However, despite showing high correlations, the 
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respective indicators were kept in the framework to further enrich the picture of the vulnera-

bilities of German administrative districts and provide nuanced information to policymakers. 

Unsurprisingly, the metrics reflecting population characteristics, namely “Population Trend”, 

“Population Density”, “Average Age”, and “Foreign Nationals”, show high correlations with 

each other and further beyond with indicators “Children in Families Receiving Unemploy-

ment Benefits“, „GDP per capita“, and „Economic Trend“. Each indicator provides additional 

information on the characteristics of local populations, possibly posing implications for policy 

responses. Considering labour market policies, for example, measures might differ signifi-

cantly depending on the age and share of foreign nationals in a population. Furthermore, sev-

eral indicators reflecting on employment and social issues show correlations. Accordingly, 

“Youth Unemployment” and “Low-Skilled Employment” are correlated with “Care Rate” and 

“Children in Families Receiving Unemployment Benefits”, and “GDP per capita”, respec-

tively. Nevertheless, the mentioned indicators each offer important granularity considering, 

for example, targeted measures to incentivise labour market integration of young people or 

combat child poverty. Lastly, “Deviation in Voter Turnout” is correlated with “Youth Unem-

ployment” and “Children in Families Receiving Unemployment Benefits”. Since the indicator 

aims to capture democratic legitimation, which is critical for the political management of the 

carbon transition, it is not omitted. 

4. Results 

This section uses employment data to visualise the exposure of German administrative dis-

tricts to the carbon transition in six manufacturing sector industries. The results aim to iden-

tify the most exposed regions by industry. Further, information on regional resiliencies is pro-

vided, focusing on population characteristics accounting for their importance in designing tar-

geted policies that encourage the transitioning of labour markets along the carbon transition. 
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This section is structured into seven parts. First, accumulated regional exposures for the six 

industries and an index of resilience considering population characteristics are presented. The 

following six segments present the findings for each Exposure Indicator, with most exposed 

regions being highlighted in shades of blue. Further, additional metrics on resilience are pro-

vided for the administrative districts showing the highest exposures, and significant observa-

tions are contextualised. 

4.1. Aggregate Exposure and Population Resilience of German Regions 

Figure 1 shows the aggregate exposure to employment in the industries considered in this 

analysis. In general, exposure is widespread across Germany, with regional clusters emerging. 

Large metropolitan and urban areas exhibit lower exposures, indicating a different specialisa-

tion of these local economies, being less reliant of fossil-fuel dependent industries. 

In terms of the origin of regional exposures, exposure to metal production is pronounced in 

regions on the border between the federal states of North-Rhine Westphalia and Hesse, while 

glass, ceramics, and mineral production plays a significant role for administrative districts in 

the northeast of Bavaria. Employment in automotive production is more widespread but gen-

erally concentrated in the South. Lastly, exposure to food, beverage and tobacco production is 

found especially in northern Germany, while reliance on chemical production, and paper pro-

duction is only spread over a few regions. 
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Figure 1: Share of Employees among Industries Exposed to the Carbon Transition  

 

The division in economic and living standards acknowledged by literature is also evident in 

population characteristics (Figure 2). In general, resilience stemming from population features 

is higher in urban areas, with regions around metropolitan centres also experiencing improved 

resilience. Furthermore, a division between the former East and West Germany is evident, 

with an especially strong South emerging. A key driver of the distribution of resilience is the 

demographic trend after the German reunification that has led to a strong migratory move-

ment from the former East to the West, causing populations in the former East to overage. 
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Figure 2: Resilience of Populations Characteristics 

 

4.2. Exposure through Employment in Food, Beverage, and Tobacco Production 

The food, beverage, and tobacco industry represents an important source of employment, es-

pecially in rural areas. With 6% of primary energy consumption attributable to the industry, it 

faces a significant transformational challenge by the carbon transition due to the required 

phase-out of fossil fuels (German Environment Agency 2022). Exposures to employment in 

food, beverage and tobacco production vary greatly, with the national median at 2%. Seven-

teen administrative districts show disproportionately high dependencies, ranging from 6.6% to 

16.7% (Table 4). Regions with high exposures are thereby clustering in northern Germany, 

especially in regions in or adjacent to the federal state of Lower Saxony (Figure 3). 

In 2021, 16.7% of total employment in the administrative district of Cloppenburg was in food, 

beverage and tobacco production, making it the most exposed region in Germany. The admin-

istrative district ranks close to the national average in most socioeconomic dimensions but 

scores poorly in childcare. 
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Figure 3: Share of Employees in Food, Beverage, and Tobacco Production 

 

Most high-exposed regions have a rural structure. Despite relatively strong growth in GDP 

per capita, the measure ranks below the national average, increasing the vulnerability to the 

carbon transition. Furthermore, a group of six administrative districts emerges, suffering from 

significant declines in population since 2000, indicting structural economic weakness. With 

the share of low-skilled employment and youth unemployment elevated in numerous regions, 

targeted schemes to reskill people might be needed. Lastly, considering voter turnout, several 

of the most exposed districts experience significant negative deviations in voter participation, 

possibly indicating an alienation from politics.  

4.3. Exposure through Employment in Paper Production 

Labour market dependencies on employment in the paper industry are highly concentrated in 

seven administrative districts, with shares between 2.3% and 5.4%. The regions showing the 

highest exposures are distributed across Germany (Figure 4). 
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Figure 4: Share of Employees in Paper Production 

 

Ranked third regarding employment exposure, the administrative district Spree-Neiße records 

worrisome resilience, as the population has declined by one-fourth since 2000, with the popu-

lation’s average age at the top 20% nationwide (Table 5). Furthermore, high shares of school 

dropouts and low-skilled employment indicate the need for additional educational policies. 

Thereby, the cohort generally shows unfavourable results in the dimensions of cash credits 

and voter turnout. Considering the case of Spree-Neiße, the region exhibits a comparably 

strong GDP per capita ratio and a strong historic economic development, which is, however, 

in parts based on coal extraction that is to be phased out. 

4.4. Exposure through Employment in Chemical Production 

Due to the rise in energy prices following the Russian war on Ukraine, the chemical industry, 

which relies on fossil energy input, experienced a significant reduction in production 

(Verband der Chemischen Industrie e.V. 2023). Production facilities are thereby concentrated 

in a limited number of regions across Germany. Twelve administrative districts are especially 

exposed to employment in the chemical industry, with shares ranging from 3.8% to 17.4%, 

compared to 0.6% in the national median (Figure 5). 
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Figure 5: Share of Employees in Chemical Production 

 

Interpreting the Resilience Indicators of these regions, an ambiguous picture emerges with 

significant heterogeneity between indicators and administrative districts (Table 6). In general, 

numerous regions show low voter turnout, an ageing and declining population, and increased 

rates of school dropouts and children living in families receiving unemployment benefits. Ac-

cordingly, targeted measures to qualify young people and fight child poverty might be neces-

sary in those regions. 

Furthermore, five administrative districts in the central federal states of Lower Saxony, Sax-

ony-Anhalt, and Hesse show low resilience regarding population characteristics. Considering 

the case of the administrative district of Holzminden, the ratio of cash credits to public debt is 

a cause for concern, as it indicates a limited fiscal capacity in the carbon transition. 

Considering economic development since 2000, the cities of Leverkusen, Ludwigshafen am 

Rhein, and Krefeld are among the 10% of regions performing the worst, indicating insuffi-

cient growth prospects. 
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4.5. Exposure through Employment in Glass, Ceramics, and Mineral Production 

Eleven administrative districts are identified as most exposed to employment in glass, ceram-

ics, and mineral production. While the national median is 0.5%, the share ranks between 4.3% 

and 11.6% in the most affected regions. The administrative districts showing exposure are ge-

ographically widely distributed across Germany (Figure 6). A cluster with regions showing 

high exposures stretches south from the border of the federal states of Bavaria and Thuringia 

to the German-Austrian border. 

Figure 6: Share of Employees in Glass, Ceramics, and Mineral Production 

 

The three administrative districts identified as the most exposed show a concerning level of 

resilience throughout the observed indicators. As for numerous of the top 11 regions, the pop-

ulation has declined significantly since 2000, and local populations are comparable old (Table 

7). At the same time, the share of foreign nationals ranks low. Increased efforts to reskill and 

integrate, especially younger people, into the labour market might be necessary, considering 

high youth unemployment and school dropouts.  

The cluster of exposed regions in northeast Bavaria is especially concerning as exposure is 

widely evident in a region under demographic stress. However, while economically weak 
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compared to the rest of Bavaria, most regions of this cluster perform better than the German 

median in GDP per capita and have shown strong economic development since 2000. An ex-

ception is the city of Bayreuth, which ranks below the national median on economic strength 

and reports little growth. 

4.6. Exposure through Employment in Metal Production 

German metal production is on a decade-long decline. Due to the heat required in producing 

metals, the industry aims to use climate-neutral hydrogen, which requires considerable invest-

ment at the current production facilities. Exposures to employment in the industry are highly 

concentrated in nine administrative districts, showing dependency rates ranging from 4.2% to 

10.8% compared to the national median of 0.5%. Thereby, highly exposed regions are clus-

tered in the regional states of North-Rhine Westphalia, stretching into Hesse (Figure 7). 

Figure 7: Share of Employees in Metal Production 

 

Duisburg is the most exposed region, with over 10% of local employees working in the metal 

industry, matching Duisburg as Germany’s main location of steel production. Corresponding 

to the industry’s decline, populations are shrinking in most administrative districts (Table 8). 

As for numerous regions in the cohort of most exposed administrative districts, Duisburg 
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experiences high child poverty and deficits in education. While GDP per capita ranks rela-

tively high for most of the top nine, economic developments since 2000 fall significantly be-

hind the national trend. Furthermore, cash credits of administrative districts are elevated, es-

pecially for the two regions located in the regional state of Hesse. 

In general, despite a robust economic situation in terms of GDP per capita, enhanced efforts 

should be conducted to lower child poverty and increase the education prospects of young 

adults. In doing so, observed high shares of foreign nationals in the total population must be 

accounted for in implementing such programmes, considering linguistic accessibility. 

4.7. Exposure through Employment in Automotive Production 

The automotive sector is the most important manufacturing industry in the German economy, 

reflected in a median exposure ranking at 8.5%, thereby being more pronounced as for the 

other industries. With the shift to electric vehicles, the industry faces a structural, technologi-

cal change, putting employment and economic prospects at risk. New drive technologies re-

quire fewer work steps, and German carmakers are under increasing pressure from new com-

petitors in the global markets (Heymann and Mau 2023). 

Twelve administrative districts are identified as especially exposed, corresponding to some of 

the locations of car manufacturers – the shares of employment working in automotive produc-

tion amongst this group range between 16.6% and 33.8% (Figure 8). While the regions show-

ing the highest exposures are not forming eminent clusters, regions with at least 10% of local 

employment working in the industry cluster especially in the south of Germany; consistent 

with the location of headquarters of numerous car manufacturers and suppliers. 
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Figure 8: Share of Employees in Automotive Production 

 

The cohort of most exposed administrative regions shows high economic strength, measured 

by GDP per capita and generally strong population robustness (Table 9). A comparably low 

average age and increased population since 2000 reinforce the impression of resilient regions. 

The administrative districts of Kassel and Wartburgkreis are an exception to this general 

trend, both experiencing low values in GDP per capita. Considering the city of Kassel’s slow 

economic growth since 2000 strengthens the image of a region under economic stress. 

Numerous administrative districts record youth unemployment rates above the national me-

dian. Child poverty is also a problem, especially in urban environments. Enhanced efforts 

aimed at reskilling employees might be justified considering the transformational change of 

the automotive sector and the observed shares of low-skilled employment that rank above the 

German median in most regions (Dispan 2013). 

Furthermore, a significant negative deviation in voter turnout to the national average is wide-

spread among most exposed administrative districts, possibly undermining democratic legiti-

macy in the carbon transition. 
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5. Discussion 

The applied framework holds several limitations considering scope and precision. First and 

foremost, as exposure is measured through employment, the analysis does not reflect other 

channels through which the carbon transition could affect local communities. Furthermore, 

using employment by professional groups to calculate exposure neither clearly distinguishes 

between jobs at risk and jobs not at risk nor includes non-production-related jobs at compa-

nies operating in the industries analysed. A second restriction is the non-consideration of pos-

sible cross-sectoral exposures along supply chains. 

Despite the limitations, our results highlight the need for targeted policy measures to success-

fully manage the carbon transition, as regional exposure to energy-intensive industries and re-

silience vary significantly. Subsequently, transformation costs associated with the carbon 

transition are distributed unequally, with a small number of administrative districts showing 

disproportionately high exposures to the respective industries. Interestingly, socioeconomic 

characteristics also differ between industries, affecting resilience prospects. In consequence, 

industry-specific support measures are required to address the dissimilar needs of administra-

tive districts, especially regarding changes in the skills requirements of employment.  

Considering industry-specific characteristics, exposure to metal production and glass, ceram-

ics, and mineral production clusters in regions with stressed resilience. We find great hetero-

geneity in the resilience indicators between the administrative districts exposed to one of the 

two industries. However, a pattern surfaces in which population characteristics emerge as a 

problem for regions exposed to glass, ceramics, and mineral production. In contrast, economic 

stagnation since 2000 weighs on the resilience of regions exposed to metal production, ex-

pressing the need for structural economic development. 

Regarding automotive production, respective exposure ranks higher generally, but the highest 

exposures concentrate on regions showing strong resilience in population characteristics and 
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economy. Still, due to high regional employment concentrations in automotive production of 

over 20% and beyond, regional transformation challenges might prove too demanding for 

some administrative districts. 

Viewing accumulated exposures, we identify numerous regions experiencing significant ex-

posure to more than one industry. However, this cohort’s overall resilience and individual so-

cioeconomic characteristics differ greatly, not allowing for drawing universal conclusions. In-

dividual sectors in respective regions generally drive high aggregate exposure, while signifi-

cant overlapping of exposures explains the widespread and elevated level of exposure, driven 

especially by automotive production and food, beverage and tobacco production. In contrast, 

aggregate resilience stemming from population characteristics follows an East-West and ru-

ral-urban divide, with urban areas showing the strongest resilience.  

The carbon transition symbolises a rapid technological change like previous industrial revolu-

tions. While employment in energy-intensive industries and the automotive sector might be at 

risk more generally, the employment effects will likely see a skill bias, favouring people with 

higher skills in the labour market. The public sector has a vital role to play in this process. Ac-

tive industrial policy schemes, such as the ones currently in place supporting industrial transi-

tions, are needed to support the regions most dependent on fossil-fuel-dependent industries. 

However, considering the labour market effects of the carbon transition, targeted incentives to 

support reskilling, the integration of young people into the labour market, and the educational 

prospects of the youth must complement efforts to strengthen infrastructure. In consequence, 

current schemes in place supporting the transition in energy-intensive industries through sub-

sidising infrastructural investments must be complemented by enhanced efforts in managing 

the skill-biased transition of labour markets. 
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6. Conclusion 

Phasing out carbon emissions in manufacturing is a critical priority in mitigating human-made 

global warming. The transition questions the operating basis of fossil-fuel-dependent indus-

tries, which account for a disproportionately high share of industry emissions. This work as-

sesses exposures in Germany to the carbon transition in the manufacturing sector by showing 

regional dependencies of labour markets to six industries most affected by the transformation. 

Despite the approach's limitations, considering the precision of classifying jobs to at-risk sec-

tors, this analysis highlights the need for a differentiated policy design that accounts for re-

gional and industry-specific characteristics to implement the carbon transition successfully.  

The results show exposures varying greatly across regions and industries, with the highest de-

pendencies concentrating on only a few administrative districts. In general, exposures to the 

analysed sectors of metal production, and glass, ceramics, and mineral production are strongly 

clustering in the states of North-Rhine Westphalia and Bavaria, respectively, with affected re-

gions performing below the national average considering the studied resilience indicators. Re-

gions showing high exposure to metal production have experienced low economic growth 

since 2000, requiring enhanced structural economic development. In contrast, exposure to au-

tomotive production is widespread, while the most affected regions show relatively strong re-

silience. However, due to the high percentage shares of employment in the respective indus-

try, broader schemes to reskill and upskill employees could be recommended, anticipating 

skill-biased employment effects as electrification of the automotive industry progresses. Gen-

erally, population characteristics vary greatly as well, underpinning the need to consider re-

gional differences, especially in policies aiming to increase the adaptive capabilities of indi-

viduals in the carbon transition through labour market integration and education.  
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8. Annexe 

Table 3: Correlations of Indicators 
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Table 4: Administrative districts with the highest shares of employment associated with food, beverage and tobacco production 
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Table 5: Administrative districts with the highest shares of employment associated with paper production 
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Table 6: Administrative districts with the highest shares of employment in professions associated with chemical production 
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Table 7: Administrative districts with the highest shares of employment associated with glass, ceramics, and mineral production 
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Table 8: Administrative districts with the highest shares of employment associated with metal production 
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Table 9: Administrative districts with the highest shares of employment in professions associated with automotive production 

 

 


