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Developing and emerging economies face enormous challenges to reconcile economic 

development and job creation with decarbonization. An essential aspect of such “early-stage” 

decoupling of growth and carbon emissions is to develop a skill base that favours the diffusion 

of green productions and technologies. This paper sheds light on the role of the adjustments 
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1. Introduction.  

There is no question that managing the trade-offs between poverty reduction, 

economic development and decarbonization is the main challenge of any global 

strategy to limit global warming below 1.5°C to 2°C. The Sustainable Development 

Goals of the United Nations recognize the importance of these three goals and of an 

early decoupling of economic growth and carbon emissions, but so far little have been 

achieved in this respect. In developed countries, managing distributional effects of 

climate policies is known to be particularly difficult as climate policies are often 

regressive along several dimensions (Fullerton, 2011; Vona, 2023). In developing 

countries, reconciling environmental preservation, equity and economic development 

is more difficult given the poor institutional quality and the lack of technological 

know-how and skills required to reduce the carbon footprint of industrial productions.    

This paper examines the labour market adjustment with an early decoupling of 

economic growth and carbon emissions, concentrating on measurement issues to 

assess emerging skill mismatches in developing countries. Labour is the main asset 

for most people in developing countries, thus understanding the labour market 

distributional effects of green growth on labour markets is particularly important in 

this context. Given the current GHG emission concentration, developing countries 

have no choice but embracing a growth path that avoid the initial surge of GHG 

emissions associated with industrialization, the so-called Environmental Kuznets 

Curve hypothesis (EKC henceforth, Grossman and Krueger, 1995). The costs and 

benefits of an early decoupling of economic growth and GHG emissions depend inter 

alia on the abundance of the skills required to attract and develop green productions 

in developing and emerging economies. Assessing the availability of such skills, in 

turn, requires a precise identification of the activities that can be considered green 

and of their skill content.  

As usual in these types of analyses, it is important to understand the extent to which 

lessons learnt in the recent academic literature on green jobs and skills in developed 

countries apply to developing countries (Consoli et al., 2016; Vona et al., 2018; Vona 
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et al., 2019). I begin by highlighting the differences between developing and 

developed countries in both the functioning of labour markets (Fields, 2011) and the 

structural dynamics driving labour demand (McMillan and Rodrik, 2011; Rodrik, 

2018). Of particular interest is to understand the role of labour market institutions 

and human capital scarcity in hampering economic development. In doing so, the 

paper builds on new facts on structural change dynamics (Rodrik, 2018).  

Next, I apply these ideas to green jobs creation in developing countries. There is, 

however, a prerequisite to study this issue: a researcher needs to provide an 

operational definition of what is green in developing and emerging economies, and 

then of green jobs. The concept of green activities and jobs may have different and 

somehow contradictory meanings, especially in developing economies. The most 

obvious notions of “green” are associated with the productions of goods that are 

beneficial to the environment (solar PV, electric vehicles, batteries) or to reductions 

in the carbon content of industrial productions (metals, cement, electricity). 

Alternatively, green employment can be created through the preservation of the 

environment; for climate change mitigation, forests’ preservation and sustainable 

forestry productions. The case of forestry highlights the fact that the initial conditions 

are green in developing economies, although the opportunity costs of preservation 

could be exceedingly high without policy interventions (Chichilinsky, 1994). Finally, 

developing countries will contribute to decarbonize the world by providing essential 

minerals and metals to low-carbon technologies, but such additional channel of green 

job creation is often associated with poor working conditions, health damage related 

to local pollutants and the destruction of ecosystems. 

The latter example brings up directly another fundamental theme of this paper: green 

jobs are not necessarily “decent” or “good” jobs.1 In developing countries, informal jobs 

                                                           
1 The International Labor Organization defines “decent work” as productive work for women and men 

in conditions of freedom, equity, security and human dignity. It has been implemented considering 

various dimensions and indicators including basic rights, working conditions, wages, social protection 

and social dialogue (e.g., Ghai, 2003). The notion of “good job” is instead related to the pay scale and 

stability. Here it is important to emphasize also the exposure to pollution and toxic substances in the 

workplace.    
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are common in waste management, mining and construction, which are all sectors 

deeply concerned by the green transition. If informal jobs are associated with low 

health, security and contractual standards, green jobs could be less attractive than 

jobs in carbon-intensive manufacturing productions provided that the issue of 

informality is not addressed. In an extreme and probably unlikely scenario, green job 

creation may exacerbate labour market inequalities as long as working conditions in 

mines and construction are worse than those in the rest of the economy. As a result, 

in order to develop a set of indicators to monitor and evaluate the green 

transformation of labour markets in developing countries, a researcher would need 

to expand the set of criteria used for developed countries. In particular, she needs to 

consider a broader set of indicators, which incorporate working conditions in addition 

to skill and human capital metrics. 

Finally, the paper takes stock from the literature on industrial policy in developing 

countries (e.g., Rodrik, 2004) and on the labour market impacts of the environmental 

policies for different occupational and skill groups (e.g., Vona et al., 2018; Marin and 

Vona, 2019) to give a few policy insights. Naturally, the policy discussion revolves 

around building the skill base for the green economy in developing countries. This 

entails solving coordination failures by matching the creation of green jobs by firms 

with the availability of green skills by workers. While the government plays a key 

role in coordinating the two sides of the markets, I discuss the role of international 

channels as well and of possible reforms of the WTO rules, also suggested by 

influential economists (Stiglitz, 2011; Nordhaus, 2015).  

The reminder of the paper is organized as follows. Section 2 sets the stage of the 

analysis by presenting the standard Kuznets paradigm and its failures to understand 

the relationship between structural change, labour demand and green growth. 

Section 3 examines the possible strategies that developing countries can use to 

decouple emissions and economic growth, and the role of skill development in each 

strategy. Section 4 illustrates the task-based framework to conceptualize and 

measure green jobs and skills, focusing on its applications and limitations for 

developing countries. Section 5 provides some policy insights to the design of skill and 
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labour market policies that can sustain green growth in developing countries. Section 

6 concludes by suggesting avenues for future research and for data collection.   

  

2. Structural change and labour demand. 

Structural change is the process of sectoral labour reallocation induced by changes in 

fundamentals: preferences, technology and demographic factors. The “Kuznets 

paradigm” of structural change2 is usually condensed in two emblematic stages: i. 

Reallocation from the informal jobs in the primary sectors, notably agriculture, to the 

formal jobs in secondary sectors, notably manufacturing; ii. Reallocation from 

manufacturing to tertiary sectors, notably services. In the first stage, because 

countries are distant from the technological frontier (Nelson and Phelps, 1966; 

Acemoglu and Zilibotti, 2001), the main engine of growth is labour reallocation from 

low-productivity agriculture to high-productivity manufacturing (McMillan and 

Rodrik, 2011). In the second stage, within-sector technological improvements become 

more important to sustain economic growth (Rodrik, 2018).  

The common wisdom is that the first stage does not require substantial upskilling of 

the workforce. Since both agriculture and manufacturing draw heavily from an 

abundant pool of low-skilled labour, the aggregate cost of moving workers from the 

former to the latter sector is expected to be low. In contrast, the second Kuznetsian 

stage is associated with the development of technical, cognitive and scientific skills 

that are the engine of innovation and are enabled by large scale investments in 

education (Goldin and Katz, 2010). Without complementary adjustments in 

workforce skills, technological upgrading is unable to deliver the expected payoffs in 

terms of growth, job creation and productivity improvements (Acemoglu and Zilibotti, 

2001). 

Recently, the Kuznets’ paradigm has been put into question by new empirical 

evidence on premature deindustrialization, and on the impacts of globalization and 

technological change in developing countries (McMillan and Rodrik, 2011; Rodrik, 

                                                           
2 See https://blogs.worldbank.org/jobs/how-can-we-generate-more-good-jobs-developing-countries 
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2016; Rodrik, 2018). First, some developing countries, notably Latin American and 

African ones, were not able to sustain industrialization over time. In such countries, 

international competition accelerated the exit of unproductive plants more than the 

growth of productive ones, creating a mass of displaced workers that moved back to 

the informal sector. The premature deindustrialization contributed to slow down 

productivity growth as well as the creation of good jobs, i.e. well-paid and secure jobs.3 

Second, in last four decades technological change has been biased in favour of high-

skilled workers and labour-saving nearly everywhere, including, although to a less 

extent (Blum, 2010), in developing countries. In conjunction with globalization, the 

skill-biased direction of technological change helps explain premature 

deindustrialization. Indeed, automation also weakened the comparative advantage of 

developing and emerging economies, which rests on their abundance of unskilled 

labour.   

For environmental outcomes, a similar two-stage process is described in the above-

mentioned EKC. In the first stage, emissions increase because manufacturing is more 

pollution-intensive relative to agriculture. In the second stage, emissions decline 

because the service sector is less pollution-intensive than manufacturing and 

technological change reduces emission intensity. An important aspect of the EKC is 

the endogenous shift in the preferences for environmental quality. In developing 

countries, the median household is poor and thus does not care much about 

environmental quality, which is not perceived as a basic need (Greenstone and Jack, 

2015). In developed countries, the median household is usually rich (although this 

depends on the level of inequality, e.g., Magnani, 2000; Nicolli et al., 2022) and thus 

can start caring about the environment. This has an important implication: green 

growth will gain political support in developing countries only if sustained economic 

growth (the mean income increases) is combined with a balanced distribution of the 

dividends of growth (the median income increases as well, e.g. Vona, 2023).  

                                                           
3 Note also that displaced workers lose their specific skills during periods of prolonged unemployment 

or when they change sector. 
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To make a concrete example of which type of structural change is compatible with 

green growth, let us concentrate on the most pressing problem of climate change 

where usually the first stage of the EKC is warranted while the second is not (Stern, 

2017, Nicolli et al., 2022). The challenge here is that, if we want to limit global 

warming below at least 2°C, developing countries cannot follow the first stage of the 

EKC-path for GHG emissions.  

For expositional convenience, three, not mutually exclusive, strategies can be 

envisaged to achieve an early decoupling of economic development and GHG 

emissions. The first is to accomplish the transition from agriculture to manufacturing 

importing best available technologies and production methods to reduce GHG 

emissions (early green industrialization). The second strategy is centered around the 

idea to compensate developing countries in order to remain specialized in primary 

productions, helping them to develop industries linked to preservation (preservation-

related industrial linkages). The third strategy consists in by-passing the first-stage 

of the EKC paradigm altogether, directly moving to a service economy (early 

terziarization). Next section discusses the implications of these green strategies for 

labour demand and skill development.  

 

3. Green growth strategies and skills.  

This section first examines the ways through which workforce skills adjust in the 

three green growth strategies sketched above and then considers the role of labour 

market institutions in the adjustment process. The focus is on green growth 

strategies that either reinforce or create comparative advantages in tradable 

activities that reduce global GHG emissions. Tradable sectors are strategic to a 

country’s development path by creating indirect jobs through local job multipliers and 

input-output linkages (e.g., Moretti, 2010).4  

                                                           
4 A boost to green job creation will also come from the nontradable part of the economy, notably through 

infrastructure investments in electrification, building, transportation and environmental remediation. 

However, one should not expect large cross-country differences in the skill sets required to install a 
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Early green industrialization.  

Laggards countries find it difficult to industrialize due to path dependency that is 

linked to fact that building competences and skills take time.  Industrializing 

becomes more difficult for developing countries because manufacturing becomes more 

intensive of skilled labour (Kunst, 2019), which is initially scarce in these countries. 

Green industrialization is not an exception to this upskilling pattern. Marin and Vona 

(2019) show that an arguably exogenous increase in energy prices (a proxy for higher 

carbon prices)5 induced a change in the skill composition of EU manufacturing 

productions away from manual workers and in favour of technicians and engineers.6 

Evidence for the US confirms the bias of green activities (tradable and non) towards 

technical skills (Vona et al., 2018) and higher on-the-job training requirements 

(Consoli et al., 2016; Popp et al., 2021). A study on the British Columbia carbon tax 

finds that higher costs are passed to unskilled workers in terms of lower earnings 

(Yip, 2018).  

Importantly, workers with middle-to-high technical skills are scarce in developing 

countries and the incidence of on-the-job training arrangements is much lower than 

in OECD countries. For instance, a recent report mentions that the workers who 

receive training in Latin American countries is, on average, just 15% that is much 

lower than the OECD average of 56% (Alaimo et al., 2015). As for other coordination 

failures that characterize economic development, public investment in technical 

skills may not suffice to trigger an early green industrialization, unless not combined 

with policies to attract companies willing to invest in on-the-job training. Popp et al. 

                                                           
PV system, to repair an electric vehicle or to insulate a building. Some infrastructural investments 

are also essential to build a comparative advantage in tradable productions; hence they can be seen as 

complementary to the investments in human capital in green industrial productions.  

 
5 See Marin and Vona (2021) for a detailed discussion of the conditions under which energy price 

changes can be used to simulate the effects of an increase in carbon pricing.  
6 Borissov et al. (2019) incorporate some of these ideas into a theoretical analysis of the interplay of 

human capital investment and climate polices in a growth model where the clean technology is high-

skill intensive.  
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(2021) reveal the importance of coordinating green investments in both physical and 

human capital by showing that the job creation effect of a green fiscal push was 

significantly higher in regions with the appropriate green skills.7  

Another issue is that the comparative advantage in green productions (e.g. bicycles, 

PV panels, LED bulbs, wind turbines, railways, etc.) is highly persistent and 

concentrated in wealthy countries with long-standing industrial expertise such as 

Denmark and Germany (Bontadini and Vona, 2020). While some emerging 

economies, notably China and India, were able to attract key green productions, such 

as batteries and PV panels (Sawhney and Kahn, 2012), it may be more difficult for 

other developing countries to follow the same path.  

Rather than focusing on high-tech green goods decarbonizing traditional 

manufacturing can be easier to achieve for developing countries, provided that there 

is a substantial gap in energy (and pollution) efficiency in developing countries. While 

energy costs are often a small fraction of total cost for the average industry, overall 

efficiency, and not only energy efficiency, is much lower in developing countries for 

several reasons, including the lack of the appropriate workforce skills and know-how. 

Foreign companies play a key role in creating an efficient manufacturing sector 

(Verhoogen, 2021). Empirical research shows that, in developing countries, energy 

and carbon intensity are significantly lower among exporters and multinational 

companies (e.g., Eskeland et al., 2003; Barrows and Ollivier, 2018; Brucal et al., 2018) 

and that these companies also pay higher than average wages (e.g., Verhoogen, 2008; 

Amiti and Davis, 2012). A few recent studies highlight the importance of human 

capital for environmental performance of companies in developing countries (Cole et 

al., 2008; Blackman and Kildegaard, 2010; Lan and Munro, 2013; Lan et al., 2017). 

For instance, Cole et al. (2008) show that a higher energy efficiency is positively 

                                                           
7 However, green spending did not appear to have a larger job multiplier than non-green spending on 

average, although this paper was unable to distinguish between green spending in tradable and 

nontradable sectors. Other studies find larger green job multipliers, but are less credible in addressing 

endogeneity issues (Vona et al., 2019, Batini et al., 2021). More research is needed to assess the size 

of green job multipliers relative to credible counterfactuals, and the role played by investments in 

skills. 
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associated with the previous training and experience in foreign owned companies. 

However, there is also a dark side of FDI as multinational companies are inclined to 

transfer the old and most polluting technologies in developing countries also to escape 

environmental regulation (see for a survey, Cole et al., 2017). Although more evidence 

is needed to understand the role of know-how transfer from multinational companies, 

these findings suggest that investments of foreign companies can have either positive 

or negative impact on the carbon footprint of manufacturing in developing countries.  

The costs and benefits of green industrialization depends also on initial conditions. 

One can consider three groups: emerging economies, developing economies without 

fossil fuel resources and developing economies with fossil fuel resources. For the 

latter group, the opportunity cost of green industrialization is expected to be 

exceedingly high in any plausible scenarios. Obviously, the policies required to 

diversify resource-intensive economies go beyond the domain of skill and labour 

market policies (see, e.g., Stiglitz, 2005; Van der Ploeg, 2011). It suffices here to say 

that the incentives to invest in human capital are lower in countries abundant of 

natural resources, thus the potential skill base for the low-carbon economy will be 

also weakened. For the group of emerging economies, two contrasting forces are at 

work. On the one hand, the existing industrial know-how makes green 

industrialization easier (e.g., Sawhney and Kahn, 2012). On the other hand, emerging 

countries face higher sunk costs than those encountered by the developing countries, 

especially if industrialization was based on the intensive use of coal. Indeed, 

industrial restructuring raises enormous challenges for regions and workers that are 

highly specialized in coal-intensive industries and often lack the set of competences 

to be employed in green industries. These issues have been studied by the recent work 

on the just transition (Vona, 2019; Weber, 2020; Carley and Konisky, 2020; Pai et al., 

2020).8 An important finding of the just transition literature is that the skill set of 

“brown workers” is quite similar to the skill set of “green workers” (Vona et al., 2018; 

                                                           
8 A recent comprehensive report highlights the labour market challenges faced by developing and 

emerging economies to phasing out from coal (Ruppert Bulmer et al., 2021). I refer the reader to this 

report for a better understanding of the challenges to achieve a just transition for coal workers.  
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Popp et al., 2021). While this is good news for the distributional effect of the energy 

transition, it also implies that the competition for such skills will be higher in 

emerging countries that have already established a comparative advantage in 

polluting industries.  

 

Preservation-related industry linkages.  

Preserving the environment looks the default strategy, at least in terms of reskilling 

requirement. However, it has the lowest political appeal as it is not associated to a 

growth-enhancing industrialization push. Implementing this strategy requires 

exploring new policy tools and redirecting international aids to projects such as 

payments for ecosystem service (PES) that remunerate local communities for forests’ 

preservation (e.g., Jayachandran et al., 2017). For instance, scaling up PES financing 

would have a positive effect on global GHG concentration and moderate costs in terms 

of reskilling requirement.9   

To make this strategy more appealing, policymakers can take stock from the 

literature on the remedies for the natural resource curse (Stiglitz, 2005). According 

to this literature, governments leverage the opportunities opened by the abundance 

of a natural resource (i.e., forests) using industrial policies directed to sectors that 

are linked to that resource (David and Wright, 1997). For forests, there are obvious 

linkages related to tourism and exploitation of biodiversity by pharmaceutical 

companies. Promoting a greener and more technologically advanced agriculture is 

another example of this strategy. Other linkages are less obvious: industry 

development in the wood and furniture industry is a distinct possibility following the 

Swedish and Chilean examples, but the challenge is to make such industry 

environmentally friendly. To create new intra-industry linkages, governments have 

to identify the skill needs of the candidate industrial sector so as to design sector-

specific training policies.  

                                                           
9 For instance, the ILO reports that the skills needed for occupations related to forest preservation 

are already available in Bangladesh, but further skill development programs will be required to 

expand their supply (Mondal et al., 2011). 
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Early terziarization.  

The last option is to transition directly to a service economy. Note that the service 

sector is highly polarized in terms of skill requirement and tradability. High-skilled 

service sectors such as finance, law and engineering consulting are high-skill 

intensive and tradable, while other service sectors such as cleaning, preparing food 

and waste management are low-skilled intensive and non-tradable. Because 

developing countries lack high-skilled workers, by-passing industrialization is 

tantamount to moving directly to a low-skilled service economy, which will have 

limited capacity to sustain economic growth. Tourism linked to biodiversity 

preservation is an exception of a low-to-middle skilled service sector that is 

potentially green, but it is difficult to think that this sector can be the engine of 

sustained long-term growth. 

Another important part of the low-skilled service sector is represented by waste 

management, which is unskilled, labour-intensive, pollution-intensive and partly 

tradable. In a well-known vicious circle, developed countries export waste, including 

toxic and illegal waste, to developing countries with the associated damages in terms 

of health, destruction of ecosystems and biodiversity. For waste associated with low-

carbon technologies, Tanaka et al. (2021) show that the diffusion of electric vehicles 

in the US increase in the export of used batteries to Mexico where the production of 

battery-recycling plants is highly polluting and thus deteriorates the health 

conditions of people living near the plants. Rather than the upskilling of the 

workforce to deal with recycling activities, on which there is however some 

preliminary evidence (Burger et al., 2019), the most pressing issue is ensuring high 

environmental standards along the entire value chain of waste management. Also 

recycling activities open up interesting opportunities to create new industry linkages. 

Notably, developing countries could exploit the potential linkage between recycling 

of rare minerals and the manufacturing of green productions using recycled products.  

It is worth emphasizing here another fundamental difference between developed and 

developing countries. The job quality in sectors such as waste management, forestry 
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and mining of critical minerals for the energy transition is low in most developing 

countries: wages are low, work accident frequent, exposure to toxic substance high 

and child labour widely used. In other words, the second fundamental difference 

between developed and developing countries is that, in the former, all green jobs are 

good jobs, while, in the latter, a large share of green jobs are likely to be bad jobs. 

    

Changes in labour market institutions.  

In discussing the early decoupling of economic growth and emissions, I focused so far 

on the complementarity between reskilling investments and a targeted green growth 

strategy. An equally important issue is to promote changes in labour market 

institutions that allow to reconcile green growth with the creation of decent jobs.  

Field (2011) reviews the characteristics of labour markets in developing countries. 

Salient characteristics are the high incidence of informal contractual arrangements 

with the associated labour market dualism,10 the diffusion of self-employment, job 

instability, and no (or weak) employment protection legislation. The incidence of 

informality11 is likely to be high in some green sectors, such as waste management, 

construction and mining, making it difficult to achieve both an improvement in 

working and environmental conditions. For instance, the incidence of labour 

informality in mining ranges between 36% in Bolivia to 50% in Columbia and 61% in 

Costa Rica (OECD, 2022).12 Weak institutions, including weak labour market 

institutions and the absence of a welfare state, may even lead to a deterioration of 

the natural environment. Chichilinsky (1994) shows that, in absence well-established 

property rights on common resources and of a well-established welfare system, 

                                                           
10 In the formal sector wages and productivity are typically much higher than average and jobs are 

secure. In the informal sector, wages and productivity are much lower than average and jobs insecurity 

is the norm. This can be explained by various theoretical mechanisms (Field, 2011), including barriers 

to occupational mobility (i.e., certified skills) and search and matching (i.e. only matches with high 

productivity becomes formal as formal jobs are costlier in terms of social security contributions). 
11 The informal sector is defined as enterprises that do not keep written accounts or are not registered 

in tax institutions. 
12 Informality is much lower in the utility sector, which is also potentially green, but this sector 

represents a very small share of total employment compared to construction, mining and waste 

management together. 
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unemployed workers are forced to go back to the informal sector where they are likely 

to over-exploit common pool resources (i.e. forests). This is consistent with the fact 

that the informal sector serves as an insurance for workers displaced by structural 

transformations.   

Importantly, labour market dualism has serious implications for skill formation and 

on-the-job training. First, displaced workers end up employed in the informal sector 

rather than in state-sponsored retraining programs. Using firm-level data for several 

developing countries, Almeida and Aterido (2011) show that a strict employment 

protection legislation increases the firm incentive to invest in on-the-job training as 

predicted by theoretical models (Acemoglu and Pischke, 1999). Second, the fact that 

workers in the informal sectors do not possess certifications for their skills pushes 

the economy towards an equilibrium where private companies are discouraged to 

invest in workforce training. Third and related to this, dualism is self-sustaining as 

less skilled workers usually receive much less training (e.g., Almeida and Faria, 2014; 

Alaimo et al., 2015).  

Institutional change is endogenous to economic development and sustained economic 

growth improves labour market conditions reinforcing the workers’ bargaining power 

and thus workers’ rights, i.e., various employment protection legislations. Knowing 

this, workers in developing countries are willing to prioritize economic growth over 

the preservation of the environment. More specifically, if the socioeconomic benefits 

of green growth are more forward looking than those of non-green growth, the latter 

has higher political acceptability than the former (unless the former is not associated 

with immediate improvements of working conditions). This argument is particularly 

relevant for green growth strategies based on preservation and early terziarization, 

as both the forestry and the waste management sectors are characterized by a high 

incidence of informal arrangements. In a nutshell, without a parallel promotion of 

employment protection legislation, there are little chances that workers will prefer to 

be employed in preserving a forest rather that in the oil sector. 

         

Summary.  
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In developed countries, the main challenge of green growth is to restructure existing 

sectors by upgrading technologies and infrastructures. In developing and emerging 

economies, a green growth strategy has the main goal of by-passing the first phase of 

the EKC paradigm where emissions and growth are coupled. The type of labour 

market adjustment, and especially the adjustments in the skill base, is strongly 

interwoven with the strategy chosen. However, a common theme of all green 

strategies is to reconcile growth with improved working conditions, thus enhancing 

political acceptability. If green jobs are concentrated in the informal sector, unsecure 

and less paid than non-green jobs, the public support for them will be low regardless 

of the international support that they will receive.   

As we will see in the next section, these conceptual issues bear relevance for the 

building of indicators that allows to monitor the progress of developing countries 

along a green growth path.    

 

4. Identifying green jobs and skills. 

Once a green growth strategy is chosen, the next step is to build a set of indicators to 

assess, monitor and implement it. The concepts of green jobs and skills have been 

developed for this purpose. Recent research makes progress to give a rigorous and 

precise definition to these concepts using the task-based approach to labour markets 

(Vona et al., 2018; Vona, 2021).13  

The general idea of the task model is to infer the occupational involvement (or 

exposure) to a structural transformation (i.e., automation, green technologies, 

globalization etc.) using a description of what workers do in the workplace. This 

description is organized into tasks as natural in most workplaces.  

Theoretically, tasks enter in a production function, while factors of production 

compete to be assigned to a specific task (Acemoglu and Autor, 2011). For instance, 

information and communication technologies replace middle skill workers in 

                                                           
13 This section extends the background paper of Vona (2021) where the task approach and its 

applications to study green jobs and skills are presented in details. For more examples and details, I 

refer the reader to this paper.   
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performing routine cognitive tasks (Autor et al., 2003). The distinction between tasks, 

on the one hand, and production factors, on the other, allows for a richer 

representation of production. For instance, it allows to have skill mismatches at a 

very granular level. If wind energy engineers have a comparative advantage to test 

and design wind turbine equipment, a scarcity of such engineers (or of the skills they 

possess) reduces the efficiency of wind turbine production.  

Empirically, the task model becomes the horserace to study the impact of structural 

transformations in the labour market thanks to the development of new datasets 

containing detailed information on the task and skill content of occupations. Not by 

chance, these datasets were developed by policymakers in the US to track potential 

skill mismatches in the labour market after the great recession of 1929 (Gray, 2013).  

 

Defining what is green. 

The first step of a suitable strategy to identify a green job is to define “what is green” 

(Vona, 2021). The previous discussion on green growth strategies gives insights on 

how this issue is context-specific and depends on the country’s strategic objectives. 

 Two main notions of what is green have emerged in previous literature (e.g., 

Bontadini and Vona, 2020): i. a process definition, emphasizing the pollution content 

of production and thus jobs; ii. an output definition, emphasizing the potential of a 

product or a service to mitigate harmful impacts on the environment. The surveys 

collecting the production of green goods and services use the second definition, i.e. 

the Green Goods and Services Survey of the Bureau of Labor Statistics in the US 

(Becker and Shadbegian, 2009; Elliott and Lindely, 2017) and the Eurostat 

definitions of green products (Eurostat, 2016; Bontadini and Vona, 2020). In contrast, 

the surveys assessing the pollution content of productions are tied to the first 

definition (i.e., Sato, 2014; Marin and Vona, 2021).  

Both types of data are collected at the firm- or sector-level, capturing two different 

aspects of green technological change (Bontadini and Vona, 2020). On the one hand, 

the output-based definition concentrates on the production of green technologies, but 

it is silent on the environmental impacts over the product life-cycle. An electric 
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vehicle has the potential to be green, but it becomes green only when electricity is 

consistently produced with low-carbon sources. On the other hand, the process-based 

approach concentrates on these life-cycle aspects, but it is silent on the green 

technology used. Using the process-based approach, it impossible to know if a 

company has a low-carbon footprint because it is more efficient in using all inputs or 

because it is adopting a particular low-carbon technology.   

 

A task-based measure of green jobs. 

A drawback of the data collected in both cases is that a researcher is unable to capture 

heterogeneity in worker’s exposure to green activities. In contrast, datasets 

containing information on the task content of jobs allow to identify the extent to which 

each job is exposed to the greening of the economy, regardless of the way in which 

being green is defined. This feature is very important for assessing the labour market 

effects of technological change that are highly heterogeneous across workers and 

depend on the mismatches between the set of skills possessed by workers and those 

required on the job.    

In light of its importance for research on green jobs, I focus here on the US 

Occupational Information Network (O*NET). From 2000 on, O*NET employs 

occupational experts and surveys on incumbent workers to collect data on the task 

and skill content of approximately 900 occupations. Skills are defined for all 

occupations with a 1-5 importance score, while tasks are text descriptions unique to 

each occupation.  

O*NET has a special section devoted to green jobs and tasks: the ‘Green Economy 

Program’, which is inspired by the output definition of what is green (see Dierdorff et 

al., 2009; 2011; Peters et al., 2011). The Green Economy Program provides two 

important pieces of information. First, some occupations (around 100) are labeled as 

green. This includes both occupations that are obviously green, such as Solar Sales 

Representatives, Recycling Coordinators, Hazardous Material Removers, 

Environmental Engineers and Fuel Cell Technicians, but also occupations that could 

be green depending on the particular technology used, such as Software Developers, 
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Customer Service Representatives, Chemical Plant and System Operators, Roofers 

and Urban and Regional Planners. Recent research shows that this occupation-based, 

“binary”, approach largely overstates the share of green employment. Indeed, a 

binary definition of green jobs misleadingly considers as fully green jobs that are 

generic or engaged in green production for a fraction of their time (Vona et al., 2018, 

2019; Vona, 2021). 

Fortunately, O*NET also contains information on the green task content of 

occupations. For instance, we know that a Roofer perform both green tasks (i.e. install 

solar roofing systems) and non-green tasks (i.e., inspect problem of roofs to determine 

repair procedures). Vona et al. (2018, 2019) propose to use the share of green task 

over total task as continuous proxy of occupational greenness. This indicator has two 

possible interpretations (Vona, 2021). First, occupational greenness captures the 

amount of time spent on green activities and technologies in the average job post 

within a given occupation. Second, it captures the share of job posts that are engaged 

in green productions within a given occupation. It is thus possible to the greenness 

indicator to measure the share of green employment, by reweighting occupational 

employment shares by their greenness.14 Vona et al. (2019) find a share of green 

employment of approximately 2-3%. This estimate is in line with that of the Green 

Goods and Services Survey for the US (Elliott and Lindely, 2017) or with the measure 

of green production based on the PRODCOM dataset for Europe (Bontadini and Vona, 

2020).   

A continuous measure of occupational greenness has several advantages: rather than 

considering as fully green occupations that are not, it gives a nuanced assessment of 

the occupational involvement into green activities. As a result, the greenness 

indicator allows to accurately track the evolution of green employment over time and 

across regions. Importantly for developing countries and the discussion of section 3, 

                                                           
14 Green tasks are retrieved only for green occupations by O*NET. Thus, the greenness index is 0 for 

about 800/900 SOC 8-digit occupations, and it is between 0-1 for the remaining 100 8-digit occupations 

that O*NET defines as green.  
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this definition could be easily adapted to different notions of what is green or even to 

identify brown tasks using the O*NET task descriptor.  

However, the O*NET dataset has also important limitations, especially for the 

imputation of green tasks. First, O*NET-type of data on the green task content of 

occupations are available for the US only.15 Using crosswalks between the US 

occupation classification (SOC) and the EU one (ISCO), the US task content of 

occupations is often imputed to that of EU occupations in papers studying the impact 

of computers and digital technologies on the European labour market (e.g., Goos et 

al., 2014). A similar imputation has been done for green tasks by Elliott et al. (2021) 

in the Netherlands. In the former case, however, measurement issues become very 

relevant for the small size of green occupations and the lack of granularity of 

occupational data outside the US.16  

Second, for this imputation to be valid the key assumption is that the task content of 

occupations, and thus the technology and organization of work, is the same in the US 

and in the rest of the world. Several papers conduct rigorous tests of this assumption 

for developing and emerging economies, conditional on data quality and availability 

(Dicarlo et al., 2016; Lewandowski et al., 2019; Lo Bello et al., 2019). For 11 low- and 

middle-income countries, Dicarlo et al. (2016) and Lo Bello et al. (2019) validate the 

common practice of imputing routine and non-routine task intensity scores of O*NET 

to other countries using a new survey of the World bank called the Skills toward 

Employment and Productivity (STEP), which has been built following same 

principles of O*NET (see Dicarlo et al., 2016, for details). The main takeaway of these 

cross-validations is that, comparing similar 1-digit occupations, the skill content of 

jobs in developing countries is very different from that of the US. The authors observe 

that similarity increases with income per capita, suggesting that this assumption is 

                                                           
15 Germany and Italy have developed similar datasets, but they do not contain information on the task 

content of occupations.  
16 The imputation of the US greenness to EU data presents other problems related to the level of 

granularity available in the EU Labor Force Survey. The key problem is that occupations with positive 

greenness represent a small fraction of total employment, thus aggregating them without knowing 

their precise employment shares leads to large measurement errors. Vona (2021) discusses this issue 

in details.   



20 

 

less valid for developing countries than for Europe. This is consistent with the fact 

that EU countries shares with the US similar organizational practices and 

technological expertise.  

Third, while digital technologies are general purpose and share a set of common 

principles, green technologies are more idiosyncratic and specific depending on 

definition of what is green, the sectors of use and the fact that they are rapidly 

evolving. To a certain extent, a researcher could overcome this limitation by grouping 

the O*NET green tasks into specific sub-sectors.17 However, in spite of the richness 

of the O*NET data, this will be asking too much to such data. Indeed, several green 

jobs and thus tasks are defined for 8-digit occupations for which the Bureau of Labor 

Statistics does not even report the employment shares (see Vona, 2021, for details).  

Finally, O*NET task scores are country averages, so they are unable to capture the 

sectoral and regional heterogeneity in exposure to shocks related to the green 

economy. This assumption is quite common in the study of other structural shocks 

(i.e. Autor and Dorn, 2013), but still represent an important limitation of O*NET.  

 

Identifying green skills. 

The task-based approach is particularly useful to provide a rigorous definition of 

another elusive concept for the green economy, that of green skills (e.g., Cedefop, 

2010, 2019; ILO-Cedefop, 2011). Having a workforce with the set of skills required to 

perform green tasks efficiently (i.e. green skills) is essential to build a comparative 

advantage in green productions because reallocation costs are proportional to the skill 

distance between origin and destination occupations (e.g., Kambourov and 

Manovskii, 2009; Gathmann and Schönberg, 2010). If green jobs are similar in terms 

of skill set to non-green jobs, at least within a certain occupational category (e.g., 

construction workers), there is no need to worry too much about the cost of retraining 

workers for such jobs. If instead skill sets are very different, retraining policies 

                                                           
17 O*NET divides the green occupations into the following sectors: agriculture and forestry, energy 

efficiency, manufacturing, renewable energy generation, environmental protection, government 

regulation, green construction, recycling, R&D and consulting, transportation. 
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become an essential ingredient of a successful green policy package. Also, the size of 

reallocation costs affects the distributional and aggregated effect of climate policies 

(e.g. Castellanos and Heutel, 2019).  

Overall, the task-based approach is the ideal setup to tackle the most important 

question to understand the labour market implications of the green transition: how 

much would cost to retrain workers for green occupations?  

Vona et al. (2018) use the task-based approach to reveal the skills that have a 

comparative advantage in performing a green task. In doing so, the authors regress 

skill scores of O*NET on the greenness indicator and controlling for occupational 

dummies in order to compare similar occupations. A positive and significant 

coefficient for the greenness indicator reveals that a particular skill is green. Using 

principal component analysis, the authors aggregate green skills into four groups: i) 

Engineering and Technical, ii) Operation Management, iii) Monitoring, and iv) 

Science. Interestingly, the most important green skill, i.e. Engineering and Technical 

skills, is uncorrelated with the usual index of routine-task intensity used to measure 

the exposure of an occupation to computers and digital technologies. Moreover, 

relative to the benchmark of all other occupations in the same broad SOC group (at 

2-digit level), green and brown jobs18 are quite similar in terms of green skills, but 

different in terms of on-the-job training requirement (Consoli et al., 2016; Popp et al., 

2021). This implies that the cost of retraining workers displaced by climate policies 

for green jobs will be mostly in terms of on-the-job training, which, as already 

discussed, is under-supplied by companies in developing countries. 

The use of these green skill indicators contributes to explain the impact of 

environmental and climate policies in multiple contexts. Vona et al. (2018) estimate 

changes in the demand of green skills induced by an amendment in the US Clean Air 

Act. The authors find that the demand for workers with green skills, especially 

engineering and technical skills, increases in metropolitan areas exposed to a more 

                                                           
18 To define brown occupations, a researcher has to resort to a process definition that considers brown 

an occupation primarily employed in polluting industries or firms. Vona et al. (2018) consider brown 

an occupation that has a probability of being found in polluting sectors higher than a certain threshold. 
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stringent environmental regulation relative to a credible counterfactual. Popp et al. 

(2021) show that green skills are important to mediate the economic effect of a fiscal 

push to the green economy. This research finds that the net job creation of the green 

part of the US American Recovery and Reinvestment Act (ARRA) was much larger in 

US commuting zones with a larger fraction of workers with the appropriate green 

skills, which also received a larger fraction of green spending and were growing 

relatively faster before the 2008 financial crisis. Marin and Vona (2019, 2021) show 

that an arguably exogenous increase in energy prices induced a change in the skill 

composition of EU and France manufacturing production away from manual workers 

and in favour of technicians and engineers. Saussay et al. (2022) use job vacancy data 

for the US to conduct a similar analysis for the subset of low-carbon jobs, finding 

larger skill gaps between low-carbon and non-low-carbon job ads for technical skills 

than for other skill metrics (e.g., IT skills, social skills).19  

In sum, technical and engineering skills appear as a defining feature of green 

technologies, organizational practices, and production methods. These skills are both 

high- and mid-level skills required in several stages of technology, including design, 

construction and installation. While the skill content of green jobs can be different in 

developing countries, it is hard to believe technical skills will not be important for a 

green industrialization strategy. While more research is needed to corroborate this 

key finding for developing countries, next section gives some suggestions on how to 

assess trends in green jobs and skills without O*NET data.   

 

Overcoming data limitations in developing countries. 

Is the task-based approach a suitable measurement framework to understand the 

labour market implications of the low-carbon transition in developing and emerging 

economies? The answer is a cautious yes because his framework is flexible enough to 

accommodate for different definitions of what is green and green growth strategies. 

                                                           
19 Interestingly, the authors find that, while low-carbon ads are more skill intensive than similar 

ads, they do not offer higher wages. Therefore, investments in skills seem relatively less lucrative in 

green jobs than in the rest of the economy.   
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Moreover, the procedure to identify green skills described above could be easily 

extended to contexts where task data are slightly different or unavailable. 

Additional data collection would be required to implement the task approach 

circumventing limitations listed above. The expertise built within the Skills toward 

Employment and Productivity (STEP) project can be fruitfully applied to collect 

additional data on green tasks. The easiest way of doing this is to add questions on 

green tasks, taking stock from the green economy program of O*NET and the specific 

green growth strategies described above. Because of the time required for an 

extensive data collection, data can be also collected in a bottom-up fashion from 

specific policy experiments. This would be coherent with the O*NET type of data; that 

is: improve information flows between the demand and the supply sides of the labour 

markets (Gray, 2013). For instance, data on the skill requirements in specific green 

occupations and technologies can be collected for the various projects financed by 

international organizations, such as the Clean Development Mechanism, payment for 

eco-system services and industrial projects to build solar farms or reconvert coal 

power plants. It goes without saying that setting common criteria for bottom-up data 

collection will make it possible to use such data to conduct credible policy evaluations 

and cross-country comparisons.  

Another data effort is targeting multinational companies that invest in developing 

countries. Tracking the skill needs of such companies is a first step to improve the 

social and environmental impact of foreign direct investments. Global data on 

multinational companies are increasingly available, but it is unclear the extent to 

which best managerial and human resource practices are adopted in all locations and 

the role played by skill availability in slowing down their diffusion. Some developing 

countries have excellent data on firm-level emissions and energy intensity (e.g., 

Brucal et al., 2018; Barrows and Ollivier, 2018) that are amenable to be merged with 

data on skills to identify the association between emission intensity and skill 

requirement, using a method similar to that proposed by Vona et al. (2018). More 

generally, any firm- or sector-level dataset with information on production, export, 

patents or emissions can be used, first, to identify green activities (e.g., the inverse of 
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the pollution intensity or exports of green products) and, then, to assess the skill 

requirement of these activities, provided that data on the occupational structure of 

firms or sectors are readily available.   

The implementation of the task approach using job vacancy data is yet another 

promising avenue to build skill contents that varies also within specific occupations. 

In particular, two job ads belonging to the same occupation can be compared in terms 

of skill content. This feature of job vacancy data is interesting to understand whether 

green and non-green job ads require different skill sets within a narrow occupation. 

Lightcase (former Burning Glass Technologies) is the main player in the field of data-

intensive measures of skills based on job vacancies and is extending its approach in 

several countries, including developing ones. Saussay et al. (2022) use these data to 

extend the analyses of Vona et al. (2018) focusing on climate-friendly green jobs. 

Using natural language processing techniques as in Atalay et al. (2020), the authors 

identify the climate-friendly green job vacancies and then a set of occupation-specific 

green skills. However, self-selection is an obvious issue with job ad data that is 

related to the fact that not all jobs are advertised online. Such issue is likely to be 

amplified in developing and emerging economies where the use of online job posting 

is limited, most jobs are in the informal sector and found through informal contacts. 

Still, such data will provide insights on the skill content of green jobs in the formal 

sector of developing economies.  

The final and more general issue is related to the association between green jobs and 

good jobs. Previous section raises the concern that the incidence of informal 

arrangements, and so insecure and low-paid jobs, may be higher in some green 

activities, such as waste management. However, adopting greener productions 

represents an opportunity to encourage the diffusion of formal and more stable work 

arrangements in waste management, mining and construction. To evaluate the 

progress in this direction, indicators tracking the growth of green employment and 

potential skill mismatches need to be combined with indicators measuring the quality 

of new green jobs in terms of wages, job security and exposure to pollutants and toxic 

substances in the workplace. The goal of using multiple criteria is to avoid cases of 
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rare earth mining jobs that may be low-carbon in a global perspective, but are 

detrimental to working and health conditions in developing countries damaging the 

local wellbeing. Based on these ideas, next section discusses some policy insights for 

the development of green competences in developing and emerging economies.   

 

5. Policy insights for green competence building. 

This section lays out policy insights that can be used to enhance the creation of green 

jobs in developing and emerging economies. It is inspired by four strands of policy 

research on: i. industrial policies in developing countries (Rodrik, 2004) and 

distressed communities (Bartik, 2020); ii. policies and institutional setups for the 

creation of good jobs (Hall and Soskice, 2001; Rodrik and Sabel, 2019; Rodrik and 

Stantcheva, 2021); iii. the just transition (Carley and Konisky, 2020; Vona, 2023; 

Ruppert Bulmer et al., 2021); iv. green jobs and skills (Vona et al., 2018; Popp et al., 

2021). Due to space constraints, I cannot give justice to these strands of policy 

analyses. The purpose here is to connect and hybridize some ideas developed by 

literatures for the case of green skills in developing economies.  

To recap the issues at the stake, the key challenge for developing countries is to build 

a base of technical and engineering skills that allow them to move directly to a green 

industrialization path, possibly exploiting pre-existing industry linkages with 

natural resource preservation. Such skills are scarce in developing countries either 

because there is no industrial expertise or because workers with such skills are 

employed in polluting industries, which are not dissimilar in terms of skill 

requirement but usually pay higher wages. Building up technical and engineering 

skills, especially middle-skilled ones, not only depends on good public education and 

local training programs, but also on on-the-job training which in turn requires the 

cooperation between industrial associations, unions and local governments (Hall and 

Soskice, 2001), which is another scarce asset in developing countries. However, social 

actors are actually weak in several developing countries, thus the process of capacity 

building is more difficult. Finally, the worker’s preferences for green jobs crucially 
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depend on job quality, including the incidence of informality and the exposure to 

pollutants. It is by no means clear that green jobs in developing countries will be 

necessarily good jobs. Therefore, complementary institutional changes in labour 

regulation are essential to make green growth feasible, attractive and beneficial for 

people in developing countries. 

The first policy issue is to coordinate industrial policies and skill development 

policies. If firms do not supply an adequate quantity of green jobs, there is no reason 

to invest in green skills, and viceversa. This principle has not been followed by 

policymakers in developed countries that, in spite of the empirical evidence for the 

US (Popp et al., 2021), neglected the complementary of investing in green skills for 

the success of the green stimulus packages under discussion around the World. 

Indeed, as shown in the OECD dataset on the green recovery, only 2.1% measures 

under discussion within green stimulus packages concerns workforce retraining for 

green jobs.20  

A focal point of government interventions is to tackle both the “environmental 

externality” and the “good job externality” –as a higher incidence of good jobs in a 

local community is associated with lower crime, lower use of drugs, better health, etc. 

(Rodrik and Sabel, 2019). This can be achieved in several ways, but a stick and carrot 

approach seem particularly promising here. Practically, companies polluting above a 

pre-specified benchmark can be penalized, while companies creating more good job 

than average could be rewarded.    

The bottom line to solve coordination failures is that specific initiatives on both sides 

of the markets are required to complement public investment in training and 

education. On the supply of skills, the ILO (2019) recommends the diffusion of green 

skill certification schemes for various jobs and imposing them to all employers 

involved in green projects. These certification schemes mitigate informational 

problems that reduce the incentives of private companies to further invest in green 

skills. New institutional arrangements can be envisaged to build the green 

                                                           
20 See: https://www.oecd.org/coronavirus/policy-responses/the-oecd-green-recovery-database-

47ae0f0d/  

https://www.oecd.org/coronavirus/policy-responses/the-oecd-green-recovery-database-47ae0f0d/
https://www.oecd.org/coronavirus/policy-responses/the-oecd-green-recovery-database-47ae0f0d/
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competences required by local actors. For instance, the expertise of environmental 

protection agency could help educational and training institutions to identify green 

skill gaps in specific situations. It is however important that such bottom-up 

approaches are guided by a measurement framework inspired by the task-based 

approach that allows to identify skill gaps across occupations and thus design 

effective retraining programs.   

Regarding the content of reskilling programs, recent research for the US finds that 

sectoral training programs are significantly more effective than general training 

programs (Rodrik and Stantcheva, 2021). As I already noticed, key prerequisite for 

sector-specific training is cooperation among private and public actors to identify the 

skill requirements, the financing arrangements and the target population of 

participants. O*NET type of data and the task-based approach could help in building 

valuable information to continuously upgrade and evaluate training programs. 

However, developing countries often lack the capabilities, both from the government 

(i.e. bureaucratic competences) and the private sector side, required for the success 

of such initiatives. Clearly, the issue of building government competences should be 

properly addressed on a case-by-case basis.  

On the demand side, openness to international competition has been seen as the key 

channel for quality upgrading in developing countries (Verhoogen, 2021), which 

allows exporting companies to combine higher than average wages and emission 

efficiency. However, evidence on the beneficial effects of trade openness is more mixed 

than previously thought. Exporting often creates fewer good jobs than expected (Cali 

et al., 2016), positive spillovers for the local economy are not so evident and excessive 

competition from foreign companies pushes back workers to the informal sectors 

(McMillan and Rodrik, 2011). Moreover, foreign companies systematically invest in 

highly polluting sectors without putting much effort to transfer best available green 

technologies (Dean et al., 2009; Sawhney and Rastogi, 2019).21 Finally, the current 

                                                           
21 Foreign companies could also lobby the governments of developing countries to relax environmental 

standards (Cole et al., 2006).   
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structure of world tariffs is extremely biased in favour of fossil fuel activities over 

cleaner productions (Shapiro, 2021).  

Taken this evidence together, it is clear that, without global environmental rules, the 

interaction between foreign investors and politicians of developing countries is stuck 

in a vicious path from an environmental point of view. There is, however, plenty of 

room for changing the rules, especially at the WTO and for FDI. A minimal approach 

would be to recognize the exceptional threat of climate change, allowing an 

asymmetric change in global tariffs that penalize carbon intensive countries 

(Nordhaus, 2015). A more ambitious approach would be to incorporate labour and 

environmental standards within a broader reform of the WTO rules, at least, at least 

for FDI and well-established exporting companies, and would have the aim to 

reconcile good jobs and global reductions of GHG emissions (for a broader discussion, 

see Rodrik, 2004). Greening trade policies is expected to boost the demand for green 

jobs, matching it with public investments in training and reskilling. In an 

unfavourable environment for global cooperation as the current one, these ideas can 

be implemented on a smaller scale, on voluntary basis and in specific context where 

institutional capabilities are already there. For instance, it would be relatively easy 

to impose green and social conditionality rules to international aids or to combine 

green technology transfer with retraining requirements, especially for companies 

involved in well-established programs such as the Clean Development Mechanism.  

Two final issues are worth to be discussed here. First, policymakers have to navigate 

the tradeoff between creating stronger labour market institutions and preventing 

excessive labour market rigidities that may slow down labour reallocation and could 

even increase informality in response to adverse labour market shocks (e.g., Almeida 

et al., 2022). In line with the Varieties of Capitalism literature (Hall and Soskice, 

2001), there is plenty of room for experimentation and each country could find its own 

institutional setup to solve this tradeoff. In northern Europe, for instance, 

flexsecurity schemes combine generous unemployment benefits with targeted 

retraining policies (e.g., Viebrock and Clasen, 2009). In Anglo-Saxon countries, 

governments privilege market mechanisms and information flows. Second, policies 
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improving labour market conditions for green jobs enhances the political acceptability 

of sustainable development in general. Altering the preferences for green and brown 

jobs play a key role in this respect. A survey experiment in India shows that 

individuals recognize the harmful effects of working in coal mines, but also reveals 

that the pay scale is the main determinant of occupational preferences (Blankenship 

et al., 2022). As done under the US American Recovery and Reinvestment Act 

(ARRA), governments in developing countries can require to pay higher than average 

wages to companies receiving green subsidies, possibly adding incentives such as cuts 

in payroll taxes. Again, the availability of good data to identify virtuous companies is 

essential for the success of targeted green growth policies.  

 

6. Concluding Remarks. 

This paper focuses on the labour market and skill policies to accelerate the green 

transition in developing countries. Three main policy insights emerge combining the 

recent literatures on green skills and on structural change and labour markets in 

developing countries. First, an early green industrialization is impossible without a 

carefully designed coordination of the demand and the supply side of green labour 

markets. Second, such coordination is eased by the availability of good indicators and 

conceptual definition of what is green, which can be built using the principles of the 

task-based model. Third, targeting green jobs is not enough if such jobs are informal, 

offer lower wages than similar jobs and are exposed to health risks. 

I conclude the survey by bringing the attention on possible directions of future 

research, beyond those already discussed in Section 4 concerning the collection of new 

data and the extension of STEP skill survey.  

Above all, evidence for the US raises the concern that green jobs require more skills 

than similar jobs, but are not necessarily paid more than them (Popp et al., 2021; 

Saussay et al., 2022). This preliminary evidence needs to be corroborated in other 

contexts, particularly for developing countries and using individual-level data such 

as the International Income Distribution database of the World Bank. Existing data 
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can be also used to improve the measurement of the green skill base of specific 

countries. While measurement of green jobs is problematic without granular 

occupational data and information on the green task content of occupations, there is 

now enough evidence on the skills that are important for the green transition, so 

quantifying the availability of such skills in different countries would be very useful 

(e.g., using the employment shares of occupations intensive of such skills). Systematic 

evaluations of training requirement in occupations with high green potential can be 

conducted using individual-level data that are readily available in several developing 

and emerging economies countries.  

Finally, matching data on emission intensity with data on the skill composition of the 

workforce would allow to assess the skill requirement of cleaner companies (or 

sectors). Quite surprisingly, these assessments have not been conducted in the 

literature, even if data on the emission intensity of companies are increasingly 

available also for developing countries. A parallel line of research can explore the 

relationship between human capital policies and the adoption of cleaner technologies, 

on which there is, to the best of my knowledge, only limited evidence.  

  

 

 

 

 

 

 

 

 

 

 

 



31 

 

References 

1. Acemoglu, D. and Autor, D., 2011. Skills, tasks and technologies: Implications for 

employment and earnings. In Handbook of labor economics (Vol. 4, pp. 1043-1171). 

Elsevier. 

2. Acemoglu, D. and Pischke, J.S., 1999. Beyond Becker: Training in imperfect labour 

markets. The economic journal, 109(453), pp.112-142. 

3. Acemoglu, D. and Zilibotti, F., 2001. Productivity differences. The Quarterly Journal 

of Economics, 116(2), pp.563-606. 

4. Alaimo, V., Bosch, M., Kaplan, D., Pagés, C., and Ripani, L., (2015), Jobs for Growth, 

Inter-American Development Bank,  

5. Almeida, R.K. and Aterido, R., 2011. On-the-job training and rigidity of employment 

protection in the developing world: Evidence from differential enforcement. Labour 

Economics, 18, pp.S71-S82. 

6. Almeida, R.K. and Faria, M., 2014. The wage returns to on-the-job training: evidence 

from matched employer-employee data. IZA Journal of Labor & Development, 3(1), 

pp.1-33. 

7. Almeida, R., Paz, L.S. and Poole, J.P., 2021. Precarization or protection? The impact 

of trade and labour policies on informality (No. 2021/47). WIDER Working Paper. 

8. Amiti, M. and Davis, D.R., 2012. Trade, firms, and wages: Theory and evidence. The 

Review of economic studies, 79(1), pp.1-36. 

9. Atalay, E., Phongthiengtham, P., Sotelo, S. and Tannenbaum, D., 2020. The evolution 

of work in the United States. American Economic Journal: Applied Economics, 12(2), 

pp.1-34. 

10. Autor, D., and Dorn, D., 2013. The Growth of Low-Skill Service Jobs and the 

Polarization of the US Labor Market. American Economic Review, 103(5), 1553–97. 

11. Autor, D., Levy, F. and Murnane, R., 2003. The skill content of recent technological 

change: An empirical exploration. Quarterly Journal of Economics 118(4), 1279-1333. 

12. Autor, D., Levy, F. and Murnane, R., 2003. The skill content of recent technological 

change: An empirical exploration. Quarterly Journal of Economics 118(4), 1279-1333. 

13. Blackman, A. and Kildegaard, A., 2010. Clean technological change in developing-

country industrial clusters: Mexican leather tanning. Environmental Economics and 

Policy Studies, 12(3), pp.115-132. 

14. Barrows, G. and Ollivier, H., 2018. Cleaner firms or cleaner products? How product 

mix shapes emission intensity from manufacturing. Journal of Environmental 

Economics and Management, 88, pp.134-158. 

15. Bartik, T.J., 2020. Using place-based jobs policies to help distressed 

communities. Journal of Economic Perspectives, 34(3), pp.99-127. 

16. Batini N, Di Serio M, Fragetta M, Melina G and Waldron A 2021. Building back better: 

how big are green spending multipliers? IMF Working Papers. 

17. Blankenship, B., Aklin, M., Urpelainen, J. and Nandan, V., 2022. Jobs for a just 

transition: Evidence on coal job preferences from India. Energy Policy, 165, p.112910. 

18. Becker, R. and R. Shadbegian, 2009. Environmental Products Manufacturing: A Look 

inside the Green Industry. The B.E. Journal of Economic Analysis & Policy 9 (1), 1-25. 



32 

 

19. Blum, B.S., 2010. Endowments, output, and the bias of directed innovation. The 

Review of Economic Studies, 77(2), pp.534-559. 

20. Bontadini, F. and Vona, F. 2020. ‘Anatomy of Green Specialization: evidence from EU 

production data, 1995-2015,’ OFCE working paper 21/2020. 

21. Borissov, K., Brausmann, A. and Bretschger, L., 2019. Carbon pricing, technology 

transition, and skill-based development. European Economic Review, 118, pp.252-269. 

22. Brucal, A., Love, I. and Javorcik, B., 2018. Energy savings through foreign 

acquisitions? Evidence from Indonesian manufacturing plants (No. 289). Grantham 

Research Institute on Climate Change and the Environment. 

23. Burger, M., Stavropoulos, S., Ramkumar, S., Dufourmont, J. and van Oort, F., 2019. 

The heterogeneous skill-base of circular economy employment. Research Policy, 48(1), 

pp.248-261. 

24. Calì, M., Francois, J.F., Hollweg, C.H., Manchin, M., Oberdabernig, D.A., Rojas-

Romagosa, H., Rubinova, S. and Tomberger, P., 2016. The labor content of exports 

database. World Bank Policy Research Working Paper, (7615). 

25. Carley, S. and Konisky, D.M., 2020. The justice and equity implications of the clean 

energy transition. Nature Energy, 5(8), pp.569-577. 

26. Castellanos, K.A. and Heutel, G., 2019. Unemployment, labor mobility, and climate 

policy. National Bureau of Economic Research working papers No. w25797. 

27. Cedefop, 2010. Skills for green jobs: European synthesis report. Luxembourg: 

Publications Office. 

28. Cedefop, 2019. Skills for green jobs: 2018 update. European synthesis report. 

Luxembourg: Publications Office. Cedefop reference series; No 109. 

29. Chichilnisky, G., 1994. North-south trade and the global environment. The American 

Economic Review, pp.851-874. 

30. Cole, M.A., Elliott, R.J. and Fredriksson, P.G., 2006. Endogenous pollution havens: 

Does FDI influence environmental regulations?. Scandinavian Journal of 

Economics, 108(1), pp.157-178. 

31. Cole, M.A., Elliott, R.J. and Strobl, E., 2008. The environmental performance of firms: 

The role of foreign ownership, training, and experience. Ecological economics, 65(3), 

pp.538-546. 

32. Consoli, D., Marin, G., Marzucchi, A. and Vona, F., 2016. Do green jobs differ from non-

green jobs in terms of skills and human capital?. Research Policy, 45(5), pp.1046-1060. 

33. David, A.P. and Wright, G., 1997. Increasing returns and the genesis of American 

resource abundance. Industrial and Corporate Change, 6(2), pp.203-245. 

34. Dean, J.M., Lovely, M.E. and Wang, H., 2009. Are foreign investors attracted to weak 

environmental regulations? Evaluating the evidence from China. Journal of 

development economics, 90(1), pp.1-13. 

35. Dicarlo, E., Lo Bello, S., Monroy-Taborda, S., Oviedo, A.M., Sanchez Puerta, M.L. and 

Santos, I.V., 2016. The skill content of occupations across low and middle income 

countries: evidence from harmonized data. IZA discussion paper No. 10224. 

36. Dierdorff, E., Norton, J., Drewes, D., Kroustalis, C., Rivkin, D., and Lewis, P., 2009. 

Greening of the World of Work: Implications for O*NET-SOC and New and Emerging 

Occupations. National Center for O*NET Development. 



33 

 

37. Elliott, R. and J. Lindley, 2017. Environmental Jobs and Growth in the United States. 

Ecological Economics 132, 232-244. 

38. Elliott, R., Kuai, W., Maddison, D. and Ozgen, C., 2021. Eco-Innovation and 

Employment: A Task-Based Analysis (No. 14028). Institute of Labor Economics (IZA). 

39. Eskeland, G.S. and Harrison, A.E., 2003. Moving to Greener Pastures? Multinationals 

and the Pollution Haven Hypothesis. Journal of Development Economics, 70(1), p.1. 

40. Eurostat, 2016. Environmental goods and services sector accounts manual : 2016 

edition. Eurostat, Luxemburg. 

41. Fields, G.S., 2011. Labor market analysis for developing countries. Labour 

economics, 18, pp.S16-S22. 

42. Forslid, R., Okubo, T. and Sanctuary, M., 2017. Trade liberalization, transboundary 

pollution, and market size. Journal of the Association of Environmental and Resource 

Economists, 4(3), pp.927-957. 

43. Fullerton, D., 2011. Six distributional effects of environmental policy. Risk Analysis: 

An International Journal, 31(6), pp.923-929. 

44. Gathmann, C. and Schönberg, U. 2010. How General is Human Capital? A Task-Based 

Approach. Journal of Labor Economics 28(1), 1-50. 

45. Ghai, D., 2003. Decent work: Concept and indicators. Int'l Lab. Rev., 142, p.113. 

46. Goldin, C. and Katz, L.F., 2010. The race between education and technology. harvard 

university press. 

47. Goos, M., A. Manning and A. Salomons, 2014. Explaining job polarization: Routine-

biased techno- logical change and offshoring. American Economic Review 104(8): 2509-

2526. 

48. Gray, R., 2013. Taking technology to task: The skill content of technological change in 

early twentieth century united states. Explorations in Economic History, 50(3), 

pp.351-367. 

49. Greenstone, M. and Jack, B.K., 2015. Envirodevonomics: A research agenda for an 

emerging field. Journal of Economic Literature, 53(1), pp.5-42. 

50. Grossman, G.M. and Krueger, A.B., 1995. Economic growth and the environment. The 

quarterly journal of economics, 110(2), pp.353-377. 

51. ILO; Cedefop, 2011. Skills for green jobs: a global view: synthesis report based on 21 

country studies. Geneva: ILO. 

52. ILO, 2018. World Employment and Social Outlook 2018 – Greening with jobs, 

https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/---

publ/documents/publication/wcms_628654.pdf.  

53. Jayachandran, S., De Laat, J., Lambin, E.F., Stanton, C.Y., Audy, R. and Thomas, 

N.E., 2017. Cash for carbon: A randomized trial of payments for ecosystem services to 

reduce deforestation. Science, 357(6348), pp.267-273. 

54. Kambourov, G., Manovskii, I., 2009. Occupational specificity of human capital. 

International Economic Review. 50(1):63–115. 

55. Kunst, D.M., 2019. Premature Deindustrialization through The Lens of Occupations: 

Which Jobs, Why, and Where?. TI Discussion Paper Series, 2019(033/V). 



34 

 

56. Lan, J., Kakinaka, M. and Huang, X., 2012. Foreign direct investment, human capital 

and environmental pollution in China. Environmental and Resource Economics, 51(2), 

pp.255-275. 

57. Lan, J. and Munro, A., 2013. Environmental compliance and human capital: Evidence 

from Chinese industrial firms. Resource and energy economics, 35(4), pp.534-557. 

58. Lewandowski, P., Park, A. Hardy, W., & Du Y. (2019). Technology, Skills, and 

Globalization: Explaining International Differences in Routine and Nonroutine Work 

Using Survey Data. IBS Working Paper 04/2019. 

59. Lo Bello, S., Sanchez Puerta, M. L., Winkler, H. J. (2019). From Ghana to America: 

The Skill Content of Jobs and Economic Development. Policy Research working paper; 

no. WPS 8758. Washington, D.C.: World Bank Group. 

60. Magnani, E., 2000. The Environmental Kuznets Curve, environmental protection 

policy and income distribution. Ecological Economics, 32(3), pp.431-443. 

61. Marin, G. and Vona, F., 2019. Climate policies and skill-biased employment dynamics: 

Evidence from EU countries. Journal of Environmental Economics and 

Management, 98, 102253. 

62. Marin, G. and Vona, F., 2021. The impact of energy prices on socio-economic and 

environmental performance: Evidence from French manufacturing establishments. 

European Economic Review,  135, 103739. 

63. McMillan, M. and Rodrik, D., 2011. Globalization, structural change and productivity 

growth. In Making Globalization Socially Sustainable (pp. 49-84). WTO iLibrary. 

64. Mondal, A.H., Iqbal, M.Z. and Mehedi, A.S., 2011. Skills for green jobs in Bangladesh. 

International Labour Organization. 

65. Moretti, E., 2010. Local multipliers. American Economic Review, 100(2), pp.373-77. 

66. Nelson, R.R. and Phelps, E.S., 1966. Investment in humans, technological diffusion, 

and economic growth. The American economic review, 56(1/2), pp.69-75. 

67. Nicolli, F., Gilli, M., and Vona, F. (2022). Inequality and Climate Change: Two 

Problems, One Solution?. Fondazione Eni Enrico Mattei (FEEM) working paper No. 

329340. 

68. Nordhaus, W., 2015. Climate clubs: Overcoming free-riding in international climate 

policy. American Economic Review, 105(4), pp.1339-70. 

69. OECD, 2022. Structural change for a new development model that enables a just and 

green transition. in: Latin American Economic Outlook. OECD, Paris. 

70. Pai, S., Harrison, K., & Zerriffi, H., 2020. A systematic review of the key elements of a 

just transition for fossil fuel workers. Ottawa, ON, Canada: Smart Prosperity 

Institute. 

71. Peters, D., Eathington, L. and Swenson, D., 2011. An exploration of green job policies, 

theoretical underpinnings, measurement approaches, and job growth 

expectations. Iowa State University. 

72. Popp, D., Vona, F., Marin, G., Chen, Z., 2021. ‘The Employment Impact of Green Fiscal 

Push: Evidence from the American Recovery and Reinvestment Act,’ Brookings papers 

on economic activities. 

73. Rodrik, D. and Stantcheva, S., 2021. Fixing capitalism’s good jobs problem. Oxford 

Review of Economic Policy, 37(4), pp.824-837. 



35 

 

74. Rodrik, D., 2004. Industrial policy for the twenty-first century. CEPR discussion paper. 

75. Rodrik, D., 2016. Premature deindustrialization. Journal of economic growth, 21(1), 

pp.1-33. 

76. Rodrik, D., 2018. New technologies, global value chains, and developing 

economies (No. w25164). National Bureau of Economic Research. 

77. Rodrik, D. and Sabel, C., 2019. Building a good jobs economy. Columbia Law School.  

78. Ruppert Bulmer, E., Pela, K., Eberhard-Ruiz, A. and Montoya, J., 2021. Global 

Perspective on Coal Jobs and Managing Labor Transition out of Coal. The World Bank.  

79. Sato, M., 2014. Product level embodied carbon flows in bilateral trade. Ecological 

economics, 105, pp.106-117. 

80. Saussay, A., Sato, M., Vona, F., O’Kane, L., 2022. Who’s fit for the low carbon 

transition? Emerging skills and wage gaps in job vacancy data, mimeo. 

81. Sawhney, A. and Kahn, M.E., 2012. Understanding cross-national trends in high-tech 

renewable power equipment exports to the United States. Energy Policy, 46, pp.308-

318. 

82. Sawhney, A. and Rastogi, R., 2019. FDI in Indian manufacturing: Whither high-tech 

industries. Economics Bulletin, 39(3), pp.2192-2209. 

83. Shapiro, J.S., 2021. The environmental bias of trade policy. The Quarterly Journal of 

Economics, 136(2), pp.831-886. 

84. Soskice, D. and Hall, P.A., 2001. Varieties of capitalism: The institutional foundations 

of comparative advantage. Oxford University press.  

85. Stiglitz, J.E., 2005. Making Natural Resources into a Blessing rather than a 

Curse. Covering Oil: A Reporter’s Guide to Energy and Development, pp.13-19. 

86. Stiglitz, J.E., 2011. 3. A New Agenda for Global Warming. In The Economists' 

Voice (pp. 22-27). Columbia University Press.  

87. Tanaka, S., Teshima, K. and Verhoogen, E., 2021. North-South displacement effects of 

environmental regulation: The case of battery recycling (No. w29146). National 

Bureau of Economic Research. 

88. Van der Ploeg, F., 2011. Natural resources: curse or blessing?. Journal of Economic 

literature, 49(2), pp.366-420. 

89. Verhoogen, E.A., 2008. Trade, quality upgrading, and wage inequality in the Mexican 

manufacturing sector. The Quarterly Journal of Economics, 123(2), pp.489-530. 

90. Verhoogen, E., 2021. Firm-Level Upgrading in Developing Countries. NBER Working 

Papers, (29461). 

91. Viebrock, E. and Clasen, J., 2009. Flexicurity and welfare reform: a review. Socio-

Economic Review, 7(2), pp.305-331. 

92. Vona, F., 2019. Job Losses and the Political Acceptability of Climate Policies: why the 

“job-killing” argument is so persistent and how to overturn it, Climate Policy 19(4), 

524-32. 

93. Vona, F., 2023. Managing the distributional effects of climate policies: A narrow path 

to a just transition. Ecological Economics.  

94. Vona, F., 2021. Labour Markets and the Green Transition: a practitioner’s guide to the 

task-based approach (No. JRC126681). Joint Research Centre (Seville site). 



36 

 

95. Vona, F., Marin, G. and Consoli, D., 2019. Measures, drivers and effects of green 

employment: evidence from US local labor markets, 2006–2014. Journal of Economic 

Geography, 19(5), pp.1021-1048. 

96. Vona, F., Marin, G., Consoli, D. and Popp, D., 2018. Environmental regulation and 

green skills: an empirical exploration. Journal of the Association of Environmental and 

Resource Economists, 5(4), pp.713-753. 

97. Weber, J. (2020), “How should we think about environmental policy and jobs? An 

analogy with trade policy and an illustration from US coal mining”, Review of 

Environmental Economics and Policy, Vol. 14/1, pp. 44-66. 

98. Yip, C.M. 2018. On the labor market consequences of environmental taxes. Journal of 

Environmental Economics and Management 89, 136-152. 
 

 



FONDAZIONE ENI ENRICO MATTEI WORKING PAPER SERIES 

Our Working Papers are available on the Internet at the following address:  

https://www.feem.it/pubblicazioni/feem-working-papers/

“NOTE DI LAVORO” PUBLISHED IN 2023

1. 2023, G. Maccarone, M.A. Marini, O. Tarola, Shop Until You Drop: the Unexpected Effects of 
Anti-consumerism and Environmentalism

2. 2023, F. Andreolli, C. D'Alpaos, P. Kort, Does P2P trading favor investments in PV-Battery Systems?

3. 2023, M. Buso, C. Dosi, M. Moretto, Dynamic Regulation of Public Franchises with Imperfectly 
Correlated Demand Shocks

4. 2023, A. Ugolini, J. C. Reboredo, J. Ojea-Ferreiro, Is climate transition risk priced into corporate credit 
risk? Evidence from credit default swaps

5. 2023, F. Cornacchia, A. G. Martínez-Hernández, M. Bidoia, C. Giupponi, Towards a modelling 
process for simulating socio-ecosystems with a focus on climate change adaptation

6. 2023. S. Zanini, Water challenges in socio-ecological systems: is human decision-making accounted for 
in the analysis of climate change adaptation options?

7. 2023, L. Cavalli, C. Boeri, Carbon neutral lifestyles and NDCs: advice and policy perspectives

8. 2023, F. Calamunci, F. Frattini, When Crime Tears Communities Apart: Social Capital and Organised 
Crime

9. 2023, D. Bazzana, M. Rizzati, E. Ciola, E. Turco, S. Vergalli, Warming the MATRIX: a climate assessment 
under uncertainty and heterogeneity

10. 2023, A. L. Baraldi, E. Papagni, M. Stimolo, Neutralizing the Tentacles of Organised Crime. Assessment 
of the Impact of an Anti-Crime Measure on Mafia Violence in Italy

11. 2023, A. Bastianin, C. Casoli, M. Galeotti, The connectedness of Energy Transition Metals

12. 2023, C. Drago, F. Fortuna, Investigating the Corporate Governance and Sustainability Relationship A 
Bibliometric Analysis Using Keyword-Ensemble Community Detection

13. 2023, C. Drago, L. Di Nallo, M. L. Russotto, Social Sustainability in European Banks: A Machine Learning 
Approach using Interval-Based Composite Indicators

14. 2023, V. Cirulli, G. Marini, M.A. Marini, O.R. Straume, Do Hospital Mergers Reduce Waiting Times?
Theory and Evidence from the English NHS

15. 2023, C. Castelli, M. Castellini, C. Gusperti, V. Lupi, S. Vergalli, RICE-MED, an integrated assessment model 
for the Mediterranean basin: assessing the climate-economy-agriculture nexus

16. 2023, R. Levaggi, M. Moretto, P. Pertile, Dynamic, incentive-compatible contracting for health services

17. 2023, L. Mauro, F. Pigliaru, Italy’s National Recovery and Resilient Plan: Will it Narrow the North-South 
Productivity Gap?

18. 2023, P. Casciotti, A Comparison between Sustainability Frameworks: an Integrated Reading through ESG 
Criteria for Business Strategies and Enterprise Risk Management

19. 2023, F. Vona, Skills and human capital for the low-carbon transition in developing and emerging 
economies

http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1
https://www.feem.it/pubblicazioni/feem-working-papers/


Fondazione Eni Enrico Mattei 
Corso Magenta 63, Milano – Italia 

Tel. +39 02 403 36934

E-mail: letter@feem.it 
www.feem.it


	Cover.pdf
	ndl2021-031
	Senza titolo
	Senza titolo


	Seconda pagina.pdf
	ndl2021-031

	Penultima1.pdf
	Pagina vuota




