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Abstract : The global green transformation — defined as the systemic reorientation of
production structures, energy systems, and consumption patterns toward environmental
sustainability — carries profound and unevenly distributed economic and social consequences
that remain insufficiently theorised in both academic literature and policy discourse. While the
macroeconomic benefits of decarbonisation are increasingly well-documented, the distributional
dynamics of the transition — encompassing labour market displacement, energy poverty,
regional deindustrialisation, and the fiscal burden of compensatory social policy — demand
systematic empirical investigation and theoretically grounded policy responses. The study
concludes with a framework of policy recommendations specifically tailored to the institutional
context of transition economies such as Uzbekistan, where the intersection of hydrocarbon
dependency, high youth unemployment, and nascent social protection systems creates a
distinctive configuration of green transformation challenges and opportunities.
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The concept of green transformation has evolved substantially over the past three decades,
from a largely ecological proposition concerned with reducing pollution and conserving
biodiversity, to a comprehensive restructuring agenda that touches the foundations of modern
industrial economies. In its contemporary framing, green transformation encompasses the energy
transition away from fossil fuels, the decarbonisation of industry and agriculture, the greening of
urban infrastructure and transport systems, and the circular economy transition in material
production and waste management. Together, these shifts constitute what the Intergovernmental
Panel on Climate Change (IPCC) characterises as the most extensive deliberate restructuring of
the global economic system since industrialisation (IPCC, 2022).

The economic case for green transformation has strengthened considerably since the
publication of the Stern Review on the Economics of Climate Change (Stern, 2006), which
demonstrated that the costs of unmitigated climate change substantially exceed the costs of
timely mitigation. Subsequent modelling by the Network for Greening the Financial System
(NGFS) suggests that an orderly green transition, if initiated promptly, imposes transitional costs
equivalent to 2-3% of global GDP cumulatively to 2050, while disorderly transition or climate
inaction generates losses of 15-25% of global output under high-warming scenarios (NGFS,
2023). These aggregate figures, however, obscure the distributional complexity that constitutes
the most politically salient and normatively contested dimension of the transformation.

This study aims to advance a more integrated and cross-contextually robust understanding
of the economic and social dimensions of green transformation through three contributions. First,
it synthesises and extends the empirical evidence on green employment multipliers, carbonprice
incidence, and just transition policy effectiveness through panel econometric analysis and input-
output methods applied to a diverse sample of 54 countries. Second, it develops a comparative
qualitative analysis of just transition governance frameworks across six jurisdictions representing
different economic, institutional, and developmental profiles. Third, it applies the resulting
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analytical insights to the specific context of Uzbekistan — a natural-resource-dependent
transition economy undertaking ambitious climate commitments while navigating the structural
challenges of industrial modernisation and social protection reform.

The study employs a sequential mixed-methods design (Teddlie & Tashakkori, 2009) in
which three distinct methodological components — panel econometric analysis, input-output
decomposition, and comparative case analysis — are applied in sequence to address different
research sub-questions. This design enables triangulation across quantitative and qualitative
evidence, strengthening the robustness of the study's conclusions and their applicability across
diverse contexts.

The dependent variables in the main econometric specifications were: (i) total employment
in renewable energy sectors (thousands of FTE jobs); (ii) employment in fossil fuel extraction
and processing (thousands of FTE jobs); (iii) real GDP growth rate (%); and (iv) the Gini
coefficient of household income distribution. The principal explanatory variables included the
share of renewables in total primary energy supply (%), cumulative green public investment as a
share of GDP (%), carbon price level (USD per tonne CO:e, from the World Bank Carbon
Pricing Dashboard), and real unit energy costs for residential consumers (USD/MWh). Control
variables encompassed GDP per capita, trade openness, urbanisation rate, educational attainment
index, and institutional quality (Worldwide Governance Indicators).

Estimation employed two-way fixed effects panel regression with country and year fixed
effects to control for unobserved time-invariant country characteristics and common time shocks.
Standard errors were clustered at the country level to account for within-country serial
correlation. Robustness checks included Driscoll-Kraay standard errors robust to cross-sectional
dependence, system GMM estimation (Blundell & Bond, 1998) to address potential endogeneity
of green investment variables, and sub-sample analyses by income group and geographic region.

Six jurisdictions were selected for in-depth comparative case analysis using a structured
most-similar/most-different hybrid design (Przeworski & Teune, 1970): Germany (advanced
economy, coal-dependent eastern regions), South Korea (East Asian developmental state, rapid
industrial restructuring), Poland (EU transition economy, high coal dependence), South Africa
(upper-middle-income, mining-dependent), Chile (Latin American commodity exporter,
advanced renewable energy deployment), and Uzbekistan (Central Asian transition economy,
natural gas dependency). Cases were selected to maximise variation on the key explanatory
dimensions of income level, carbon intensity, institutional capacity, and just transition policy
ambition, while maintaining analytical tractability.

For each jurisdiction, documentary analysis of government just transition plans, legislative
provisions, social partner agreements, and independent evaluations was supplemented by 24
semi-structured expert interviews conducted between March and November 2023 with
government officials, trade union representatives, industry associations, and civil society
organisations. Interviews were conducted in English, German, Russian, and Uzbek (with
translation), recorded with participant consent, transcribed, and analysed using thematic analysis
following Braun and Clarke (2006). A structured cross-case synthesis matrix was developed to
enable systematic comparison across the six dimensions of just transition policy: scope,
governance architecture, financing, labour market programmes, social protection measures, and
monitoring and accountability.
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Input-output analysis reveals substantial differences in employment intensity between green
and fossil fuel sectors. Across the 36-country sample, the average Type Il employment multiplier
for renewable energy generation was 12.4 jobs per million USD of output, compared with 3.7
jobs per million USD for fossil fuel extraction and 5.2 jobs per million USD for fossil fuel power
generation. These differences imply that a reallocation of USD 1 billion in energy sector
investment from fossil fuels to renewables generates a net employment gain of approximately
6,700 to 8,700 full-time equivalent jobs in the economy as a whole, accounting for both direct
employment in renewable energy and indirect employment across upstream supply chains.

However, the panel data analysis reveals a significant temporal dimension to these
employment effects. In the short run (one to three years), green transformation is associated with
net employment losses in fossil-fuel-dependent regions due to the irreversibility of capital and
labour investment in incumbent industries. The magnitude of short-run displacement is
significantly larger in countries with lower labour market flexibility (B = —0.43 x inverse
employment protection legislation index, p < 0.05), underscoring the importance of active labour
market policies in facilitating the occupational and geographic mobility required for workers
displaced from declining industries.

The distributional geography of green employment creation is a particularly salient finding.
Regression results indicate that new renewable energy jobs are disproportionately concentrated
in regions with high solar irradiation or wind resources and in urban agglomerations with
existing clean technology manufacturing capabilities. Fossil-fuel-dependent regions — which
tend to have lower educational attainment, weaker transport connectivity, and more limited
industrial diversification — receive a significantly smaller share of green employment creation
than their share of fossil fuel employment losses, implying a widening of regional economic
disparities in the absence of spatially targeted policy interventions.

3.3 Distributional Incidence of Carbon Pricing

Analysis of carbon price incidence across the six case jurisdictions reveals a consistent
pattern of regressivity in the absence of revenue recycling. Across all six cases, the bottom
income quintile allocated a significantly higher share of household income to energy expenditure
than the top quintile — ranging from 8.4% versus 3.1% in South Africa to 6.2% versus 2.8% in
Poland — implying that a uniform carbon price increase generates proportionally larger welfare
losses for lower-income households. This finding is consistent with the theoretical literature on
carbon price incidence (Goulder et al., 2019) and with empirical evidence from multiple country
studies.

Carbon price regressivity is substantially mitigated, however, by the manner in which
carbon revenues are recycled. Among the six cases, Germany's Klimageld (Climate Money)
scheme — which uses a portion of Emissions Trading System revenues to fund flat per-capita
cash transfers — achieved near-complete regressivity neutralisation, with the net welfare impact
across income deciles becoming approximately proportional after transfers. In contrast, Poland's
allocation of carbon revenues primarily to general government expenditure rather than targeted
transfers resulted in negligible regressivity mitigation. South Africa and Uzbekistan — neither of
which had implemented systematic carbon revenue recycling at the time of analysis — showed
the largest equity-negative distributional profiles.

Germany's Kohleausstieg (coal phase-out) framework — legislated through the Coal Exit
Law of 2020 — represents the most institutionally developed case, combining EUR 40 billion in
structural transition funding for coal regions, legally guaranteed early retirement provisions for
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miners, apprenticeship expansion programmes, and a multi-stakeholder coal commission with
binding negotiation outcomes. Expert interviews identified the legally binding timeline and
multi-year budget certainty as the most critical enabling factors for effective transition planning
by regional governments and firms.

South Korea's Green New Deal, launched in 2020 with a total budget of KRW 73.4 trillion
(approximately USD 61 billion), demonstrates that rapidly growing economies can integrate
green transformation with job creation through strategic industrial policy, particularly in green
technology manufacturing. However, interviewees noted that the framework's labour transition
provisions — focused primarily on upskilling for new green industries — were insufficiently
attentive to the retraining needs of older workers in declining manufacturing sectors with limited
digital and technical literacy.

Chile's case is noteworthy as the most advanced Latin American example of proactive just
transition planning, with the 2022 Coal Phase-Out Agreement providing site-specific transition
commitments for each of the five coal plant closure locations. However, the fiscal resources
allocated to worker transition support were assessed by interviewees as inadequate relative to the
scale of displacement, and implementation was hampered by limited inter-ministerial
coordination between the energy, labour, and regional development portfolios.

Uzbekistan's case reveals an early-stage institutional framework with significant
development potential. The country has committed to reducing greenhouse gas emissions by
35% below 2010 levels by 2030 under its Nationally Determined Contribution, and the
government's 2021 Renewable Energy Development Programme targets 8,000 MW of new
renewable capacity by 2026. However, the just transition dimensions of these commitments
remain largely undeveloped. The natural gas sector, which currently employs an estimated
85,000 workers directly and supports approximately 340,000 indirect jobs, faces structural
pressure from both domestic energy diversification and the long-term prospect of reduced
European gas demand. The absence of a formal just transition plan or dedicated transition fund
represents a significant institutional gap that expert interviewees identified as a priority concern.

The comparative case analysis reveals that the determinants of effective just transition
governance are primarily institutional rather than financial. While adequate resourcing is clearly
a necessary condition — as Chile's case illustrates, underfunded commitments generate neither
worker security nor community confidence — it is not sufficient without the institutional
architecture to convert funding into effective interventions. The critical institutional elements
identified across the successful cases are: legal clarity regarding the timeline and scope of
transformation commitments; multi-year budget certainty enabling medium-term investment
planning by firms, workers, and regional governments; genuine stakeholder participation
mechanisms with binding or quasi-binding negotiation outcomes; cross-ministerial coordination
platforms that overcome sectoral siloes; and spatially differentiated implementation recognising
the distinct circumstances of individual affected communities.

These institutional requirements have direct implications for Uzbekistan's just transition
trajectory. The country's strong centralised executive authority offers advantages in terms of
policy coherence and rapid implementation, but carries risks of inadequate stakeholder
participation and insufficient attention to local variation. The development of a National Just
Transition Commission — modelled on Germany's coal commission but adapted to Uzbekistan's
institutional context — with representation from trade unions, regional governments, affected
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communities, and civil society organisations, could provide both the participatory legitimacy and
the technical coordination capacity required for effective transition planning.

A distinctive feature of Uzbekistan's socioeconomic context that warrants specific analytical
attention is the country's youth demographic profile. With approximately 35% of the population
below the age of 25 and an annual labour market entry cohort of roughly 600,000 young people,
Uzbekistan faces a structural employment challenge that green transformation policies can either
exacerbate or help resolve, depending on their design. The input-output multiplier results, which
demonstrate significantly higher employment intensity in renewable energy construction and
manufacturing compared with fossil fuel extraction, suggest that a strategically designed green
industrialisation programme — particularly one targeting the domestic manufacturing of solar
panels, wind turbine components, and energy storage systems — could generate substantial
youth employment opportunities aligned with the skills profile of Uzbekistan's growing technical
and vocational education output.

Realising this potential, however, requires policy interventions beyond the energy sector.
The development of a green skills framework — identifying the competency requirements of
emerging green occupations and aligning vocational and higher education curricula accordingly
— is a prerequisite for ensuring that the supply of trained workers matches the demand generated
by green investment programmes. International experience from South Korea's Green New Deal
vocational retraining programme and from the EU's European Green Deal Skills Agenda
suggests that green skills development yields measurable labour market returns for participants
and reduces the duration of transitional unemployment for workers displaced from fossil fuel
industries.

This study has examined the economic and social dimensions of green transformation
through a multi-level, multi-method analytical framework encompassing macro, meso, and micro
perspectives. The principal empirical contributions are fourfold. First, the panel econometric
results provide robust cross-national evidence that renewable energy expansion and green public
investment are associated with positive GDP growth effects, particularly in upper-middle-income
countries, while carbon pricing alone produces negligible short-run macroeconomic costs when
controlling for concurrent green investment. Second, input-output multiplier analysis quantifies
the employment dividend of renewable energy investment relative to fossil fuels —
approximately 6,700—8,700 net additional jobs per billion dollars of redirected investment — but
reveals a critical spatial mismatch between the geographic location of job losses and job gains.
Third, carbon pricing is systematically regressive in all six case jurisdictions, but this regressivity
is effectively neutralised through well-designed per-capita transfer programmes. Fourth, just
transition governance effectiveness depends primarily on institutional design — particularly
legal clarity, multi-year financing certainty, and genuine stakeholder participation — rather than
on financing scale alone.

For Uzbekistan, the study's findings converge on a coherent set of policy priorities: the
development of a legally anchored national just transition plan with dedicated fiscal resources; a
carbon price reform paired with household transfer mechanisms protecting vulnerable consumers;
spatially targeted green industrialisation incentives in regions facing fossil fuel employment
decline; and a green skills development framework aligned with renewable energy sector labour
demands. These reforms, implemented in sequence and in coordination with international
development partners, have the potential to transform Uzbekistan's green transformation from a
source of distributional risk into a driver of inclusive economic modernisation.
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Future research should address several limitations of this study. The panel dataset, while
broad, covers only the period to 2022 and therefore does not capture the accelerated green
investment dynamics of the post-2022 global energy crisis. Country-level panel data also mask
substantial within-country regional variation that would be better captured by subnational
analyses. Quasi-experimental evaluations of specific just transition policy interventions — using
regression discontinuity or synthetic control methods — would substantially strengthen causal
identification of policy effects beyond the correlational evidence generated by the current panel
specifications. Additionally, qualitative research on the lived experiences of workers and
communities undergoing green transformation — currently underrepresented in the quantitative-
dominated literature — is essential for ensuring that academic and policy discourse remains
grounded in the social realities of the transition.

References

1. Acemoglu, D., Aghion, P., Bursztyn, L., & Hemous, D. (2012). The environment and directed
technical change. American Economic Review, 102(1), 131-166.
https://doi.org/10.1257/aer.102.1.131

2. Blundell, R., & Bond, S. (1998). Initial conditions and moment restrictions in dynamic panel
data models. Journal of Econometrics, 87(1), 115-143. https://doi.org/10.1016/S0304-
4076(98)00009-8

3. Bowen, A., & Kuralbayeva, K. (2015). Looking for green jobs: The impact of green growth on
employment (Policy Paper). Grantham Research Institute on Climate Change and the
Environment.  https://www.lIse.ac.uk/granthaminstitute/publication/looking-for-green-jobs-the-
impact-of-green-growth-on-employment/

4. Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp0630a

5. Caldecott, B., Sartor, O., & Spencer, T. (2017). Lessons from previous coal transitions:
Historical case studies for the World Coal Transition project. IDDRI and Climate Strategies.

6. Climate Bonds Initiative (CBI). (2024). Sustainable debt global state of the market 2023.
Climate Bonds Initiative. https://www.climatebonds.net/resources/reports/sustainable-debt-
global-state-market-2023

7. Dosi, G., Lamperti, F., Mazzucato, M., Napoletano, M., & Roventini, A. (2021). Mission-
oriented policies and the 'technological paradox of the regions': A new approach to regional
innovation policy. Research Policy, 50(9), 104330. https://doi.org/10.1016/j.respol.2021.104330

8. European Commission. (2020). A European Green Deal: Striving to be the first climate-
neutral  continent. European  Commission.  https://commission.europa.eu/strategy-and-
policy/priorities-2019-2024/european-green-deal en

9. Furceri, D., & Li, B. G. (2017). The macroeconomic (and distributional) effects of public
investment in developing economies (IMF Working Paper No. 17/217). International Monetary
Fund.

404

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS



JOURNAL OF
MULTIDISCIPLINARY

ISSN NUMBER: 2751-4390

SCIENCES AND INNOVATIONS IMPACT FACTOR: 9,08

10. Goulder, L. H., Hafstead, M. A. C., Kim, G., & Long, X. (2019). Impacts of a carbon tax
across US household income categories: Effects on economic efficiency and equity. Journal of
Public Economics, 175, 44—64. https://doi.org/10.1016/j.jpubeco.2019.04.002

11. Heffron, R. J., & McCauley, D. (2018). What is the 'just transition'? Geoforum, 88, 74-77.
https://doi.org/10.1016/j.geoforum.2017.11.016

12. ILO. (2023). World employment and social outlook 2023: The value of essential work.
International Labour Organization. https://www.ilo.org/global/research/global-
reports/weso/WCMS_884649/lang--en/index.htm

13. IPCC. (2022). Climate change 2022: Mitigation of climate change. Contribution of Working
Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press. https://doi.org/10.1017/9781009157926

14. IRENA. (2023). Renewable energy and jobs: Annual review 2023. International Renewable
Energy Agency. https://www.irena.org/Publications/2023/Sep/Renewable-Energy-and-Jobs-
Annual-Review-2023

15. Jacobson, L. S., LaLonde, R. J., & Sullivan, D. G. (1993). Earnings losses of displaced
workers. American Economic Review, 83(4), 685-709.

16. Lazzarini, S. G., Musacchio, A., Bandeira-de-Mello, R., & Marcon, R. (2021). What do
state-owned development banks do? Evidence from Brazil, 2002—2009. World Development, 66,
237-253. https://doi.org/10.1016/j.worlddev.2014.08.016

17. Mazzucato, M. (2021). Mission economy: A moonshot guide to changing capitalism. Allen
Lane.

18. Metcalf, G. E., & Stock, J. H. (2020). Measuring the macroeconomic impact of carbon taxes.
AEA Papers and Proceedings, 110, 101-106. https://doi.org/10.1257/pandp.20201081

19. Network for Greening the Financial System (NGFS). (2023). NGFS climate scenarios for
central banks and supervisors. NGFS. https://www.ngfs.net/en/ngfs-climate-scenarios-central-
banks-and-supervisors

20. OECD. (2017). Investing in climate, investing in growth. OECD Publishing.
https://doi.org/10.1787/9789264273528-en

21. Pollin, R. (2020). An industrial policy framework for addressingclimate change and
inequality in the United States. Cambridge Journal of Economics, 44(5), 1143-1172.
https://doi.org/10.1093/cje/beaa040

22. Przeworski, A., & Teune, H. (1970). The logic of comparative social inquiry. Wiley-
Interscience.

23. Republic of Uzbekistan Government. (2021). Renewable energy development programme of
the Republic of Uzbekistan for 2021-2026. Resolution of the Cabinet of Ministers No. 178.
Government of Uzbekistan.

24. Rodrik, D. (2014). Green industrial policy. Oxford Review of Economic Policy, 30(3), 469—
491. https://doi.org/10.1093/oxrep/gru025

405

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS



JOURNAL OF
MULTIDISCIPLINARY S
ISSN NUMBER: 2751-4390
SCIENCES AND INNOVATIONS IMPACT FACTOR: 9,08

25. Stern, N. (2006). The economics of climate change: The Stern Review. Cambridge
University Press. https://doi.org/10.1017/CB09780511817434

26. Teddlie, C., & Tashakkori, A. (2009). Foundations of mixed methods research: Integrating
quantitative and qualitative approaches in the social and behavioral sciences. SAGE Publications.

27. Unsworth, S., Chenet, H., & Ryan-Collins, J. (2022). Financing just transition in developing
countries: Challenges and opportunities. UCL Institute for Innovation and Public Purpose
Working Paper Series (IIPP WP 2022/10).

28. UNEP FI. (2023). State of finance for nature 2023. United Nations Environment Programme
Finance Initiative. https://www.unepfi.org/publications/state-of-finance-for-nature-2023/

29. Vona, F., Marin, G., Consoli, D., & Popp, D. (2018). Environmental regulation and green
skills: An empirical exploration. Journal of the Association of Environmental and Resource
Economists, 5(4), 713—753. https://doi.org/10.1086/698859

30. World Bank. (2023). World development report 2023: Migrants, refugees, and societies.
World Bank. https://doi.org/10.1596/978-1-4648-1941-4

406

COMPANY: GERMAN INTERNATIONAL JOURNALS

https://ijmri.de/index.php/jmsi




	Abstract : The global green transformation — defin
	3.3 Distributional Incidence of Carbon Pricing

	References

