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GREEN JOBS IN BRAZIL: MEASURING EVOLUTION AND PATTERNS
BETWEEN 2014 AND 2024

ABSTRACT

This working paper analyses the evolution and structural patterns of green jobs in Bra-
zil between 2014 and 2024. Using an industry-based classification inspired by Moscon
et al. (2024), the study combines PNAD Continua microdata with input-output tables
to estimate both direct and indirect green jobs. From the perspective of microdata,
the results show that green activities account for approximately 16% of total jobs, a
share that remained broadly stable over the period. Green jobs are consistently associ-
ated with higher educational attainment, greater formalization, and higher earnings,
albeit with greater earnings inequality, while brown activities remain concentrated in
lower-skilled, more vulnerable jobs. The analysis also reveals pronounced asymmetries
in employment multipliers across sectors. Brown sectors exhibit the highest average
multiplier (4.35), reflecting their deep integration into domestic production chains,
with oil refining standing out as an extreme outlier due to its extensive indirect link-
ages. Green sectors display moderate multipliers (1.45), indicating weaker overall pro-
ductive integration, although the automotive industry shows relatively strong spillover
effects. Neutral sectors, largely composed of services, show the lowest multipliers (1.15),
with employment effects remaining highly localized. These findings indicate that em-
ployment multipliers are primarily driven by a sector's position in production chains
rather than by direct labour intensity. This piece of evidence highlights the importance
of productive linkages for achieving a more inclusive and balanced green transition

through targeted industrial and skills policies.
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EMPREGOS VERDES NO BRASIL: ANALISANDO A EVOLUCAO E OS
PADROES ENTRE 2014 E 2024

RESUMO

O presente estudo analisa a evolucdao e os padrdes estruturais dos empregos verdes no
Brasil entre 2014 e 2024. Utilizando uma classificacao baseada na indUstria inspirada em
Moscon et al. (2024), o estudo combina microdados da PNAD Continua com tabelas
de insumos e produtos para estimar os empregos verdes diretos e indiretos. Do ponto
de vista dos microdados, os resultados mostram que as atividades verdes representam
aproximadamente 16% do total de empregos, uma participacao que se manteve am-
plamente estavel ao longo do periodo. Os empregos verdes estao consistentemente
associados a um maior nivel de escolaridade, maior formalizacao e rendimentos mais el-
evados, embora com maior desigualdade de rendimentos, enquanto as atividades mar-
rons permanecem concentradas em empregos menos qualificados e mais vulneraveis.
A analise também revela assimetrias pronunciadas nos multiplicadores de emprego
entre os setores. Os setores marrons apresentam o maior multiplicador médio (4,35),
refletindo sua profunda integracao as cadeias de producao domésticas, com o refino de
petréleo se destacando como um outlier extremo devido as suas extensas ligacoes in-
diretas. Os setores verdes apresentam multiplicadores moderados (1,45), indicando uma
integracao produtiva mais fraca em geral, embora a indUstria automotiva apresente efei-
tos de spillover relativamente fortes. Os setores neutros, compostos principalmente por
servicos, apresentam os multiplicadores mais baixos (1,15), com efeitos sobre o emprego
altamente localizados. Essas conclusdes indicam que os multiplicadores de emprego
sao impulsionados principalmente pela posicao de um setor nas cadeias produtivas e
nao pela intensidade direta da mao de obra, destacando a importancia das ligacdes
produtivas para alcancar uma transicao verde mais inclusiva e equilibrada por meio de

politicas industriais e de qualificacao profissional direcionadas.

PALAVRAS-CHAVE

Empregos verdes. Mercado de trabalho. Insumo-produto.
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Introduction

The transition toward greener patterns of production, distribution, and consump-
tion has increasingly been framed as a central pathway to balancing economic de-
velopment with environmental sustainability. Beyond its potential to mitigate climate
change and environmental degradation, the green transition is expected to generate
new opportunities for productive diversification, spur innovation, and reshape labour
demand across economies. Employment dynamics have become a key dimension in
the green transition framework, raising questions not only about job creation and de-

struction, but also about job quality, skills, and distributional outcomes.

Green growth has been described as a new industrial revolution (Stern; Rydge, 2012),
given its profound implications for production systems and labour markets worldwide.
Although in the long run, all sectors are expected to align with low-carbon develop-
ment objectives, the transition process itself is inherently uneven and gradual. During
this adjustment phase, activities associated with high emissions or intensive resource
use—often referred to as brown or dirty sectors—tend to decline, while new activi-
ties and occupations aligned with environmental protection, mitigation, and adapta-
tion objectives emerge or expand. These employment opportunities are commonly

grouped under the broad and contested label of “green jobs."

Job creation is expected to come from two main sources: first, decarbonization ef-
forts in existing high-carbon sectors, and second, the growth of low-carbon economies
alongside changing consumer behaviors. In the short to medium term, these trends
are especially important for countries that have experienced early deindustrializa-
tion and depend heavily on service industries, as well as for emerging economies that

might skip some phases and directly adopt cleaner development paths.

From a labor-market perspective, the green transition involves complex adjustment
mechanisms. As highlighted by Renner, Sweeney, and Kubit (2008), four broad effects
can be identified. First, new jobs are created directly in environmentally oriented ac-
tivities, often called green jobs and linked to renewable energy, waste management,
energy efficiency, and other sustainability-related functions. Second, the transition
triggers a reallocation of labour across sectors, as employment in high-emission indus-

tries declines while new opportunities emerge in low-emission or renewable sectors.



This process may generate significant skills mismatches, since workers displaced from
carbon-intensive activities may not immediately possess the qualifications required in
expanding green sectors. Third, many existing occupations transform their skill pro-
files, as new technologies, regulatory standards, and production methods reshape job
tasks, for example, in climate-resilient agriculture or energy-efficient manufacturing.
Finally, some jobs may be eliminated without direct replacement, either due to reg-
ulatory constraints on environmentally harmful products or because climate-related
events disrupt or destroy productive structures. Understanding how these mecha-
nisms interact is essential for assessing the social and distributive consequences of

the green transition.

Despite the growing importance of green jobs in policy discussions, there is no single,
widely accepted definition of what makes a green job, nor is there a standardized meth-
od for measuring and classifying green employment. The literature generally takes
two main approaches. Industry-based definitions categorize green jobs according to
the environmental profile of economic activities, identifying sectors whose produc-
tion processes are directly linked to environmental protection or emissions reduction.
Occupational-based approaches, in contrast, focus on the task content of jobs and
capture how environmentally related skills and activities spread across occupations
in all economic sectors. Each approach has advantages and limitations, and empirical

results are highly sensitive to the classification adopted (Apostel; Barslund, 2024).

In the Brazilian context, empirical analysis of green jobs is shaped by the coexistence
of multiple measurement and classification strategies rather than by a single stan-
dardized definition. Previous studies relied either on sectoral classifications based on
the national classification of economic activities (Classificacdo Nacional de Atividades
Economicas — CNAE) (Bakker; Young, 2011; Ansanelli; Santos, 2018; Pereira Filho, 2020;
Moscon et al, 2024) or on occupational approaches that identify green jobs through
task content across industries (Diniz; Ansanelli, 2022; Dordmond et al., 2021). The choice
between the two approaches has led to heterogeneous estimates of the size and char-
acteristics of green jobs. Greater clarity in defining green jobs, their distinguishing fea-
tures relative to non-green jobs, and their associated worker characteristics is essential
for informing policy debates on labour markets, skills development, and the effective

adoption of sustainable practices and technologies across the economy.



This study aims to contribute to this discussion by conducting an empirical analy-
sis of the evolution and patterns of green jobs in Brazil between 2014 and 2024. The
analysis adopts an industry-based definition of green employment, drawing on the
typology proposed by Moscon et al. (2024), which categorize economic activities into
green, neutral, and brown categories according to their environmental profile. Using
microdata from the PNAD Continua (PNADc), the present study examines shifts in the
composition of green employment across various dimensions, including gender, race,
education, earnings, and formalisation'. This classification allows for a systematic ex-
amination of the main characteristics and evolving patterns of green employment in

the Brazilian economy from 2014 to 2024.

In a second step, the present study combines labour-market microdata with input—
output tables for the Brazilian economy to estimate both direct and indirect green jobs
over the period under analysis? By articulating micro-level labour information with
macro-economic production structures, it offers a more comprehensive and dynamic
understanding of how environmentally oriented activities permeate the labour market
and value chains in Brazil. The main findings indicate that green activities account for
approximately 16% of total employment and that this share remained broadly stable
over the period 2014-2024. CGreen jobs are consistently associated with higher job qual-
ity, as reflected in higher levels of schooling, formalization, and earnings, though with
greater earnings inequality. In contrast, brown activities remain concentrated among
lower-skilled, more vulnerable work conditions and lower earnings inequality. These
findings underscore the potential of the green transition to engender higher-quality
employment, while simultaneously highlighting the challenges it poses for employ-
ment and income generation among workers in carbon-intensive activities, particu-
larly those with lower skill levels. In the absence of targeted policies, such dynamics
may increase the risk of labour-market exclusion and reinforce existing inequalities in

earnings and skills.

'The literature analysing characteristics of green jobs beyond skills is very sparse, especially that focusing on
the Brazilian economy. Nevertheless, studies on wages and job security have indicated that green jobs can,
in fact, provide high-quality employment. Furthermore, these jobs tend to be male-dominated (ILO, 2015).

2|n input-output (I-O) models, indirect jobs are the jobs generated along the supply chain because of pro-
duction in each sector, but outside the sector itself. In doing so, our definition differs from the traditional
approach to calculating indirect green jobs (Consoli et al., 2016; Vona et al., 2018; Valero et al., 2021), which
uses occupational-level data from the O*NET dataset.



The present study has identified significant asymmetries in the job-creation multipli-
ers across the brown, green, and neutral sectors in Brazil. The brown sectors have the
highest average employment multiplier, which is 4.35, indicating significant integra-
tion into the domestic production chain, with particular emphasis placed on the oil
refining sector, which is considered an extreme outlier because of the high intensity
of its indirect links. The green sector has a moderate multiplier of 1.45, indicating rela-
tively low levels of productive integration. The automotive sector stands out for its high
spillovers, while the neutral sectors, comprising services, have the smallest multipliers
(1.15), with employment effects localized. The findings show that the employment mul-
tiplier depends on the sector's position in the production chain rather than the inten-
sity of direct labour. This is a key result with implications for public policy, as structural
change towards a greener economy depends on the linkage patterns between (and

inside) the sectors.



Research on green jobs has expanded along growing concerns about climate change
and the limitations of growth models based on intensive resource use. Since the late
2000s, economic recovery strategies, international climate assessments, and policy ini-
tiatives have increasingly linked job creation to environmental goals, leading to a broad
literature on so-called green jobs. Despite this growth, there is no shared definition of
what constitutes green jobs, as environmental contributions vary across sectors, occu-
pations, and production processes. Existing studies highlight that greenness is better
understood as a continuum rather than a strict category and emphasize the need to
consider both technological change and broader structural transformations in econo-
mies (PNUMA, 2008; Bowen, 2012; Apostel et al.,, 2024). Against this background, defin-
ing, measuring, and comparing green jobs remains a central empirical challenge, par-
ticularly in countries where data constraints require pragmatic classification choices.

The purpose of this section is twofold. First, it offers a concise review of the main con-
ceptual and empirical approaches to define and classify green jobs in both the inter-
national and Brazilian literature. Second, it introduces and presents a novel industry-
level typology of green, neutral, and brown activities, which allows for the analysis of
the evolution and characteristics of green jobs in Brazil from 2014 to 2024, as well as
the estimation of direct and indirect green jobs using input—-output tables.

Research on environmentally-related jobs gained renewed prominence after the 2008
global financial crisis, when concerns about the sustainability of growth models based
on non-renewable resources became central to economic and policy debates (Kozar;
Sulich, 2023; Song et al, 2021). As governments sought to stimulate economic activ-
ity, many tried to align recovery strategies with climate goals, allocating roughly 15% of
global stimulus packages to low-carbon transitions (Robins; Clover; Singh, 2009). In the
same context, policy proposals such as the Green New Deal resurfaced as mechanisms

to simultaneously boost demand, create jobs, and accelerate decarbonisation.

The surge of academic and policy-oriented publications was also driven by the Inter-
governmental Panel on Climate Change (IPCC)'s 2007 findings, which attributed most
of the global warming of the prior half-century to human activity. In response, the

International Labour Organization (ILO) launched the Green Jobs Initiative, calling
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for the integration of social, economic, and environmental dimensions of sustainable
development. One of its early outcomes was the United Nations Environment Pro-
gramme (PNUMA, 2008) report, which defined green jobs as employment that sub-
stantially contributes to environmental preservation or restoration, including ecosys-
tem protection, resource efficiency, and emissions reduction. The report emphasised
that environmental improvements are gradual and heterogeneous across activities,
implying that “green” should be viewed as a continuum rather than a binary category.

Subsequent debates further highlighted the complexity of defining what counts as a
green job. Technological change, eco-efficiency, circular economy strategies, and bio-
economy innovations are often seen as central drivers of the transition (Bottazzi, 2019).
Yet scholars have argued that environmental degradation cannot be addressed solely
through technological adjustments; instead, it requires reconsidering the role of la-
bour within broader structural transformations of economies and societies (Holscher;
Wittmayer; Loorbach, 2018).

From an empirical perspective, the literature has converged on two broad analytical
approaches to identifying green jobs: industry-based and occupation-based defini-
tions (Figure 1). Industry-based approaches classify green employment according to
the environmental profile of economic activities, enabling consistency with national

Figure 1- Approaches to defining green jobs

GREEN JOBS

©0000000000000000000000000000000000000000000 o

Industry-level

Organization- Occupation-
| level level
Subset of GHG
industries emission Revenue or Tasks, skills,
intensity employment job title
share clustering

Source: own elaboration based on Valero et al. (2021).
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accounts, administrative data, and input-output frameworks, but may overlook en-
vironmentally relevant tasks within “sensitive” sectors and ignore indirect green em-
ployment generated through supply chains. Occupational-based approaches, in turn,
identify green jobs based on task content and required skills across industries, cap-
turing the diffusion of green practices throughout the economy, but face difficulties
distinguishing mixed task profiles, in which the same worker may engage in both en-
vironmentally harmful and environmentally beneficial activities. Moreover, such ap-
proaches often fail to capture environmental impacts arising from work-related prac-
tices (e.g., business travel, resource use, waste disposal) that are not directly linked to
the nature of the occupation, but over which workers have limited discretion. (Valero
et al., 2021; Apostel et al,, 2024).

There isnoconsensus in the literature regarding the specificeconomic domains in which
green jobs emerge. As a result, sectors considered conducive to green job creation vary
across international frameworks. The U.S. Bureau of Labor Statistics, for example, high-
lights activities linked to pollution abatement, recycling, organic farming, and selected
non-energy activities. In contrast, PNUMA adopts a broader perspective, encompass-
ing agriculture, manufacturing, research and development, renewable energy, services,
public administration, and other sectors that play a significant role in preserving or re-
storing environmental quality (Rutkowska; Sulich, 2020). These differences reflect both
conceptual choices and the intended policy use of green employment indicators.

Taken together, these conceptual and methodological challenges make it difficult to
draw clear boundaries between green and non-green jobs, particularly as technologi-
cal standards and production practices evolve over time. In applied research, classifica-
tion choices therefore involve trade-offs between conceptual precision, data availabil-
ity, and policy relevance. In this study, given the constraints of available data for Brazil,
the analysis focuses on approaches already employed in national statistics, using eco-
nomic activity as the basis for classifying green jobs.

The Brazilian literature reflects these broader debates and approaches green jobs from
two main perspectives: the occupational profile of workers (e.g., Caruso, 2010; Nonato;
Maciente, 2012) and the nature of the economic activities in which they are employed
(e.g., Mucoucah, 2009; Bakker; Young, 2011; Pereira Filho, 2020). These perspectives fo-
cus either on the product or on the production process.
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Industry-based analyses typically rely on the Classificacao Nacional de Atividades
Econdmicas - CNAE classification, grouping activities according to final output or in-
put structure. A key limitation of this approach is the substantial heterogeneity of pro-
duction processes within the same product category, meaning that environmental
impacts often depend more on how goods are produced than on what is produced.
Occupational-based analyses face another challenge: many traditional occupations
are only partially transformed by new environmental requirements, while the Brazil-
ian Classification of Occupations (Classificacao Brasileira de Ocupacdes - CBO, in Por-
tuguese) often aggregates tasks related and unrelated to environmental protection
within the same occupational family. Both approaches are therefore complementary.
However, their results are highly sensitive to the definition of green jobs adopted.

To address this issue, recent contributions have sought to refine industry-based clas-
sifications while maintaining compatibility with official statistics and macroeconomic
analytical tools. In particular, Moscon et al. (2024) propose an expanded CNAE-based
typology that allows for a comprehensive labour-market analysis while preserving ana-
lytical tractability.

Building on the Eurostat classification adapted to the Brazilian context by Bakker and
Young (2011), the study extends the classification to encompass all remaining CNAE
classes, resulting in a total of 181 economic activities. To ensure the manageability of
the criteria, the additional activities were grouped at the division level (two digits) and,
when appropriate, at a broader sectoral level (one digit). This strategy allows for a sys-
tematic and comprehensive coverage of economic activities while remaining consis-

tent with available data structures? The classification was determined by three criteria:

i. The detailed list of environmental protection activities in the one defined by Eu-
rostat’s CEPA framework.

ii. The relationship between CO, emissions and gross output by sector is based on
input-output matrices estimated by Alvarenga Junior (2024).

iii. The environmental impacts are embedded in the production chain and in down-
stream activities.

3 Importantly, in all activity groups, decent work is considered a prerequisite for an occupation to be
classified as green. By focusing on employment within activity groups defined by their environmen-
tal impact, this approach offers an expanded perspective of the labour market and its characteristics
across the classification. In this sense, the analysis does not initially apply a specific criterion for mea-
suring decent work.
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Chart 1 summarizes the resulting typology, which distinguishes three broad groups of
economic activities. Green activities include sectors directly engaged in environmen-
tal protection, as well as clean-enabling activities that can support greening processes
across the economy. Neutral activities comprise sectors with low direct environmental
impacts and limited capacity to induce wider environmental transformation. Finally,
Brown activities broadly correspond to what is often referred to in the literature as
“‘dirty” activities, characterized by high emissions or intensive use of natural resources,
but whose environmental outcomes depend critically on production practices and en-
vironmental management. This typology provides a practical framework for identifying
where green jobs are concentrated, where environmental management policies can
have the greatest impact, and where employment dynamics are largely decoupled
from the green transition.

Chart 1- From green to dirty: Classifying economic activities by environmental impact

Category

Green
activities

Neutral
activities

Brown
activities

What it includes

Activities directly related to envi-
ronmental protection (e.g., preser-
vation and restoration of air, water,
soil, and biodiversity), as well as
clean activities with the capacity to
support greening processes in other
sectors, such as public administra-
tion and education.

Activities with low direct environ-
mental impacts and limited or no
capacity to promote greening in
other sectors of the economy.

Sectors with potentially significant
environmental impacts, including
high greenhouse gas emissions and
intensive use of natural resources.
These activities may still be eco-
nomically and socially relevant and,
in some cases, less damaging than
their absence.

Relevance for green jobs and policy design

All jobs in activities directly linked to environ-
mental protection are considered green jobs.
In clean enabling sectors, green jobs typically
involve environmental functions; however, due
to data limitations and negligible negative
environmental impacts, all jobs in this group
are treated as green for policy and measure-
ment purposes.

Jobs in this group are classified as neutral
green jobs. Their relevance for green transi-
tion policies lies mainly in supporting overall
employment and income, rather than driving
environmental transformation.

Activities that are sensitive to the environ-
ment are characterised by their capacity to
concentrate sectors that are responsible for
significant levels of pollution. Targeted poli-
cies should focus on promoting environmental
management, cleaner production, and mitiga-
tion-related occupations within these sectors.

Source: own elaboration.
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Assessing the employment effects of the green transition requires distinguishing be-
tween direct and indirect jobs, as policy interventions rarely affect labour markets only
where green activities take place. Investments in low-carbon technologies and envi-
ronmental services generate employment not only in core green industries but also
through changes in occupational tasks and along upstream production chains. The lit-
erature has largely relied on two complementary approaches to capture these effects.
Task-based classifications, such as the O*NET framework, identify direct and indirect
green jobs at the occupational level based on whether workers perform green tasks
or experience increased demand due to greening, thereby informing skills and work-
force transition policies. In parallel, input—output Mmodels estimate direct jobs in green-
producing industries and indirect jobs generated through inter-industry linkages, pro-
viding an economy-wide perspective on how green demand propagates across value
chains. Together, these approaches offer distinct but complementary insights into the

scale, composition, and policy relevance of green employment.

Although both the O*NET and input-output (I-O) approaches distinguish between
direct and indirect green jobs, they do so along different analytical dimensions. As a
result, the concepts are not directly comparable and serve distinct policy purposes.
Under O*NET, the key question is “What do workers do?” Greenness is defined at the
task, skill, and knowledge requirement levels. In the O*NET framework, the distinction

between direct and indirect green jobs is based on the task content of occupations.

« Direct green jobs are occupations in which workers perform tasks that are ex-
plicitly green, such as producing renewable energy, improving energy efficiency,
or managing environmental sustainability. This includes green new and emerging
and green-enhanced skills occupations, where green tasks are central or increas-
ingly important.

 Indirect green jobs correspond to green increased demand occupations. These
jobs do not involve green tasks themselves, but employment expands because
they support green economic activities (e.g., logistics, administration, or manufac-
turing inputs for renewable energy projects).

In contrast, I-O models define direct and indirect green jobs based on inter-industry

linkages along the production chain, not on task content.
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» Direct green jobs refer to employment created within sectors producing green
goods or services (such as, renewable electricity generation, environmental ser-
vices) in response to final demand.

 Indirect green jobs are jobs generated upstream in supplier industries that pro-
vide intermediate inputs to green sectors, such as steel, transport, or business

services used in renewable energy projects.

In this case, the key question is: “Where in the production chain are jobs created?” The
nature of tasks performed by workers is not observed; jobs may be environmentally
neutral or even polluting in task content yet still be classified as indirectly green be-
cause they support green production. In view of this, the present study quantifies the
green, brown, and neutral direct and indirect jobs through an input-output analysis

that independent of the tasks performed by workers along the supply chain®.

4The analysis of the content of tasks in green and non-green jobs will be the subject of another policy brief.



Figure 2 shows total employment in green, neutral, and brown jobs in Brazil between
2014 and 2024. Employment in green activities accounts for roughly 16% of total em-
ployment and remained broadly stable over 20142024 (16.1% to 16.3%). Over the same
period, the employment structure shifted modestly away from brown jobs, which still
represent the largest share but declined from 62.5% to 59.3% (-3.2 p.p.), while neutral
jobs gained ground from 21.5% to 24.5% (+3.0 p.p.).

Interpreted through the adjustment mechanisms discussed previously (Renner; Swee-
ney; Kubit, 2008), these movements are more suggestive of slow reallocation away
from environmentally intensive activities and an expansion of low-impact domains
than of an employment surge in green-producing sectors itself. At the same time, the
near-stability of green employment shares should not be taken to imply the absence
of transition dynamics, since greening can occur within sectors and occupations with-
out shifting workers across industry categories, a limitation highlighted in the mea-
surement debate (Valero et al,, 2021; Apostel et al.,, 2024).

Figure 2 - Total employment in green, neutral and brown jobs in Brazil (milions)
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Figure 3 illustrates the evolution of real average earnings between 2014 and 2024 for
jobs classified as brown, green, and neutral. Over time, a distinct earnings hierarchy
becomes apparent. Brown jobs remain at the bottom of the distribution, while green
jobs consistently have the highest average incomes, followed by neutral jobs. Earnings
rose in real terms across all groups, but gaps persisted: green jobs increased from R$
4179 to R$ 4,527 (+8.3%), compared with R$ 3,213 to R$ 3,500.84 in neutral jobs (+9.0%)
and R$ 2,784 to R$ 2,871 in brown jobs (+3.1%). By 2024, the earnings gap between
green and neutral jobs and brown jobs had widened markedly, reinforcing the relative
disadvantage of brown activities.

Figure 3 - Average earnings by job classification
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Figure 4 illustrates the average number of years of schooling changed between 2014
and 2024 for brown, green, and neutral job categories. Throughout this period, the
Brazilian labour market has been characterized by a distinct and enduring educational
gradient. Across segments, green jobs continue to be associated with higher job qual-
ity: they display the highest levels of formalization (88.1% to 87.0%), the highest aver-
age schooling (stable at 13 years), the oldest workforce profile (39 to 42 years), and the
highest earnings, reinforcing a persistent gradient in both 2014 and 2024. This pattern
echoes the policy literature that links green jobs to improved employment conditions
(PNUMA, 2008), while also reinforcing a core point in the empirical debate: measured
‘greenness” depends on classification choices (Apostel et al,, 2024). Because the pres-
ent approach identifies green jobs by the environmental profile of industries rather
than by task content (Valero et al., 2021), part of the observed advantage may reflect
compositional differences across industries and employment arrangements, rather
than the intrinsic environmental content of tasks.

Figure 4 - Average years of schooling among employed persons in green, neutral, and
brown jobs in Brazil
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Considering the level of schooling, workers in brown activities remain comparatively
disadvantaged in terms of educational attainment (Figure 5). Although average years
of schooling increased from 9 to 11 years over the period, brown jobs still show a school-
ing profile well below that of green and neutral jobs. This reflects a persistent con-
centration in lower levels of education. Cross-country analyses report similar patterns,
showing that workers with lower levels of schooling and income are disproportionately
found outside green jobs. This trend raises concerns regarding worker reallocation and
requalification during the green transition (Pereira Filho, 2020; Ansanelli; Santos, 2018;
Wrinkler et al., 2024).

Figure 5 - Educational composition of employed persons by job classification in Brazil,
2014 and 2024
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In Figure 6, green jobs show the highest degree of formalization in both years. This
rate declined slightly from 88% to 86% but remained higher for neutral jobs (which
went from 64% to 63%) and brown jobs (from 59% to 60%). Formalization in brown jobs
stayed relatively stable over the period. However, this stability concealed a deterioration
of employment composition, as seen in a rise in informal wage employment without a
formal contract. By contrast, the slight formalization decline in neutral and green jobs
was mainly due to growth in own-account work, mirroring broader changes in Brazil's
labour market over the last decade. This suggests that adjustment costs may appear
not only through sectoral contraction but also through changes in employment rela-
tionships within sectors. In this context, informality acts as a channel of labour-market
vulnerability.

Figure 6 - Distribution of employed persons by employment formality and job classifi-
cation in Brazil, 2014 and 2024
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Along demographic lines, brown activities show the highest concentration of Black,
Brown (Pardo), and Indigenous workers in both years (Figure 7). The share of these
groups grew across all segments between 2014 and 2024. This increase was ennnough
to shift green jobs from a minority to a majority Black and Indigenous comyposition
(from 49% to 53%). Neutral jobs stand in the middle. This reinforces the persistence of
racial segmentation in employment, despite changes in overall composition.

Figure 7 - Distribution of employed persons by race and job classification in Brazil,
2014 and 2024
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Figure 8 compares the gender composition of employment across brown, green, and
neutral job categories in 2014 and 2024. The distribution remained remarkably stable
over time, while sectoral classifications show clear and persistent gender differences.
Brown jobs had the highest male concentration, with only a slight decrease from 70%
to 69%. Neutral jobs were predominantly female, with a small shift from 68% to 67%.
These modest changes between 2014 and 2024 did not affect the relative order of
gender balance among job types. Green jobs stand out for their stable gender balance,
with a slight, consistent female majority over the period.

Taken together, these patterns reinforce the distributional concern highlighted in
the broader green transition literature: if displacement pressures are concentrated in
brown sectors, and mobility and upskilling are uneven, existing inequalities can be re-
produced or intensified instead of being reduced (PNUMA, 2008; Bowen, 2012).

Figure 8 - Distribution of employed persons by sex and job classification in Brazil, 2014
and 2024
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The regional distribution of employment by job classification shows persistent struc-
tural patterns and modest changes between 2014 and 2024 (Figure 9). Brown jobs
remain the largest share of employment in all regions, though their relative impor-
tance declined slightly over the decade, especially in the Central-West and Southeast.
Green jobs make up a smaller but stable share across regions, ranging from around
15% in the South to 18% in the Central-West, with little regional convergence over time.
The Southeast and Central-West consistently have higher shares of green and neutral
jobs, reflecting their more diversified economic structures and greater presence of ser-
vices, public administration, and higher value-added activities. In contrast, the North
and South are still concentrated in brown activities, due to the ongoing importance
of primary and resource-intensive sectors. Overall, these results indicate a gradual but
uneven regional employment reallocation, suggesting that the green transition has so
far progressed unevenly and has failed to lead to substantial convergence in regional
employment structures across regions.

Figure 9 - Distribution of employed persons by region and job classification in Brazil,
2014 and 2024
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2.2. Earnings by job characteristics

Across almost all population groups and in 2014 and 2024, average earnings are
higher in green activities than in neutral and brown ones. This is shown by Green/
Brown ratios that are generally above one (Table 1). This pattern suggests a persistent
wage premium for green activities. This could reflect better job quality or a higher
concentration of protected and formal employment. However, this wage advantage
does not hold across all educational levels. Schooling stands out as a notable excep-
tion to the general trend.
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Characteristics Green Neutral Brown Green/ Green Neutral Brown Green/
Brown Brown

|ncomp|ete pnmqry education 1.795 1.409 1.872 0,96 1.789 1.436 1.886 0,95

Incomplete secondary education | 1.854 1.5655 2.119 0,88 1.808 1.538 2.068 0,87
Complete secondary education 2.815 2.329 2.763 1,02 2.656 2.161 2.579 1,03

Incomplete tertiary education 2.989 2.973 3.733 0,80 2.918 2.730 3.318 0,88
Complete tertiary education 6.652 7.966 7.910 0,84 6.400 6.714 6.346 1,01

Formal* 4.477 3984 3370 1,33 4862 4321 3.479 1,40

Informal - Employer 6.570 8.821 5396 1,22 9531 9.901 5525 173
Informal employee 1792 1297 1479 1,21 2.052 1482 1562 1,31

4850 4.852 3.001 1,62 5178  4.944 3.071 1,69
Woman 3.580 2.441 2.250 1,59 3.854 2777 2.435 1,58

Black, brown and indigenous 3.244 2123 2.118 1,563 3.560 2.479 2.291 1,65

Rural 2250 1489 1687 1,33 2.441 1655 1795 1,36
Uisian 4311 3314 2973 145 4594 3594 3.026 1,52

Source: Own elaboration based on data from PNAD Continua (IBGE, 2025).
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When broken down by education, the green wage premium is less consistent. At lower
and intermediate levels of schooling (fundamental and incomplete secondary educa-
tion), green earnings are close to or slightly below brown earnings in both years, offer-
ing no clear advantage. Most strikingly, for those with higher education, green earn-
ings were much lower than brown and neutral in 2014. By 2024, the gap narrows, but
green wages still lag. Thus, higher-educated workers may earn more in brown or neu-
tral sectors, possibly due to sectoral composition effects, returns to capital-intensive
activities, or differences in occupational hierarchies within green jobs. These patterns
urge caution in using average green premia as evidence of uniformly superior oppor-
tunities for all skills.

Differences by formalization status reveal a much clearer, more robust pattern. Among
formal workers, green activities consistently exhibit substantially higher earnings than
brown ones, with the Green/Brown ratio increasing from 1.33 in 2014 to 1.40 in 2024.
This indicates that the green wage premium is strongly tied to formal employment
relationships. Among informal workers, the picture is more heterogeneous. Informal
employers display very high average earnings across all activity types, but especially in
neutral and green sectors, while informal self-employed and workers without a formal
contract show much smaller differences between green and brown activities. In some
cases, particularly in 2024, the green advantage among informal workers essentially
disappears. This reinforces the idea that formalization is a key channel through which
green activities translate into higher earnings.

Turning to gender and race, green activities are associated with higher earnings for
both men and women, across both racial groups, in both years. The Green/Brown ratio
is very similar for men and women, indicating that green activities do not significantly
narrow gender wage gaps, but also do not exacerbate them. By race, the green pre-
mium is slightly higher among Black, Brown, and Indigenous workers than among
Whites and Asians, suggesting that green activities may offer relatively better earn-
ings opportunities for historically disadvantaged racial groups, even though absolute
income levels remain substantially lower. This points to green activities as a potential,
though limited, channel for reducing racial earnings disparities.
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2.3. Inequality

The Palma ratio measures income inequality by comparing the average income of the
top 10% of earners with that of the bottom 40%. Across job classifications, Palma ra-
tios point to persistent income inequality in both years (Table 2). In 2014, neutral jobs
exhibited the highest levels of inequality, followed by green and brown jobs. Between
2014 and 2024, inequality declined in brown and green activities, as reflected in lower
Palma ratios, while remaining broadly stable—and slightly increasing—in neutral jobs.
Despite this reduction, green and brown jobs continue to exhibit substantial income
inequality in 2024, indicating that improvements in average job quality have not been
evenly distributed across these segments.

Table 2 - Palma ratio by job classification

Year Brown Green Neutral

Source: Own elaboration based on data from PNAD Continua (IBGE, 2025).

The labour-market analysis shows that green activities are associated with higher job
quality and earnings. There are important differences across workers and job charac-
teristics, with persistent disadvantages in brown sectors. However, these micro-level
patterns do not capture how employment in green, neutral, and brown activities fits
into the wider productive structure. They also do not show how labour demand propa-
gates through intersectoral linkages. Identifying these indirect effects is central to un-
derstanding transition mechanisms and their distributional consequences.

To address this gap, the next section uses an input-output approach to estimate di-
rect and indirect employment effects. By linking labour-market patterns to productive
linkages, the analysis offers a macroeconomic perspective on the role of green activi-
ties in structural change and employment generation in Brazil.
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Figure 10 illustrates the weighted employment multipliers for three broad job catego-
ries focused on Brazil: brown, green, and neutral jobs. The estimated multipliers for the
three categories are 4.3 for brown jobs, 1.4 for green jobs, and 1.1 for neutral jobs, with a
baseline of 1.0 as a theoretical benchmark®.

The brown sectors also have an unusually high employment multiplier effect of ap-
proximately 4.3. This piece of evidence reveals that, in these carbon-intensive or tra-
ditional sectors, the overall effect is to increase employment by approximately 335%
relative to the baseline. In essence, the results indicate that in these sectors, for each
direct job created, approximately 4.3 jolbs will be created in the economy, of which ap-
proximately 3.3 will be indirect jobs. This high multiplier effect is a direct consequence
of the tight connection between brown sectors and domestic intermediate. What is
implied is that if brown sectors receive a shock, they will have a wide-ranging effect,
either positive or negative, across several sectors of the economy. The consequence is
a robust short-run growth in employment but also a highly unstable system, in which
negative shocks can affect several sectors simultaneously. Some sectors contribute
disproportionately to raising the average, particularly petroleum refining, which is an
extreme outlier. Other sectors include sugar production, biofuels, meat and dairy pro-
cessing, and steelmakings®.

Green sectors show a relatively lower but still positive multiplier of around 1.4, about
45% higher than the baseline. This implies that, on average, 1.4 jobs are generated for
every direct job, with 0.45 being indirect. This multiplier is relatively moderate, showing
less reliance on extensive domestic input spillovers. It is also in line with a more capi-
tal-intensive production pattern, which covers vehicle manufacturing and information
technology equipment.

Looking at the overall economy, this indicates a relatively autonomous sector that is less
prone to economy-wide shocks, suggesting localized job spillovers. The multipliers of

5 The baseline measure describes an environment in which one direct job creates one total job, meaning
there are no indirect employment consequences.

6 Appendix B shows how the oil refining sector and cooking influence the high multiplier for brown activi-
ties. This outlier was included in the analysis, as to a certain degree, all sectors use the oil refining sector in
their value chains.
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most of the green sectors are relatively low, but some sectors, such as automobile manu-
facturing, exhibit relatively higher multipliers due to spillovers to the rest of the economy.

Neutral sectors exhibit the smallest employment multiplier, around 1.1, which is about
15% higher than the baseline. This implies there are about 0.15 indirect jobs per di-
rect job, a relatively low figure typical of service-oriented sectors where value added
remains mostly within the sector. Job spillovers are thus localized, with minimal spill-
overs to the rest of the economy. This sector includes professions, finance, education,
and health, which are essential for economic functioning but generate relatively few
indirect jobs.

The large gap between the employment multipliers of the brown sectors (4.35), the
green sectors (1.45), and the neutral sectors (1.15) highlights some of the most outstand-
ing structural features of the Brazilian economy. This is because the Brazilian economy
remains highly integrated with traditional, carbon-intensive activities, supported by
long and complex domestic supply chains in the commodities, energy, and metallurgy
sectors. Rather, the green sectors are essentially “islands” of less-integrated production,
the result of their relatively late development and high dependence on imports.

Figure 10 - Average employment multipliers: brown, green and neutral
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The Brazilian economy maintains a comparative advantage in commodity-related
brown sectors, with decades-old production networks in agriculture, mining, and en-
ergy. Green sectors are less developed and have weaker domestic supply chains, while
service-related neutral sectors inherently have fewer intersectoral linkages due to their
production patterns.

Figure 11 shows the 15 sectors with the highest employment coefficients, differenti-
ated into direct (number of jobs generated within the sector itself per R$ millions of
output) and indirect (number of jobs generated along the entire supply chain). When
examining the different categories, a pattern becomes clear. For example, in the
brown sectors, the highest employment coefficients are found in primary activities
and labour-intensive services, such as forestry, fishing, livestock, and accommodation
services. Notably, in all these sectors, there is a high total employment coefficient but
a low indirect employment coefficient. This is a common feature of primary activities,
where direct employment is generally high but indirect employment remains low. By
contrast, sectors such as petroleum refining, which are highly capital-intensive, do not
appear among employment-intensive sectors because they generate few direct jobs
yet have very high indirect employment.

In green industries, the highest employment coefficients are found in education,
health, and light manufacturing industries. Of all the industries, the education indus-
try holds the highest employment coefficient in green industries, surpassing all brown
and neutral industries in terms of employment per unit of output. Although all green
industries have high employment coefficients, their indirect effects remain low to
moderate due to the service-based nature of the industries included in this category.

In the neutral industries, all industries fall into the service-based category and have the
lowest percentage of indirect employment effects. This group includes industries such
as security services, arts, and professional services, which have high employment coef-
ficients in direct employment but very low indirect effects on the rest of the economy.
Employment creation in this industry remains highly localized, meaning most of the
value added and employment are generated within the industry itself.

By way of contrast, while the absolute employment intensity varies across industries,
reaching its zenith in service industries such as security and education, the propor-
tion of indirect employment remains modest across all sectors with high employ-
ment intensity. Between brown and green industries, the indirect employment ef-
fectsremain the same, whereas the lowest indirect effects are observed in the neutral
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industries. This shows a significant difference between employment intensity and
employment multipliers, as industries can have high employment intensity without

necessarily having high employment multipliers.

The results from Figures 11 and 12 show a key contradiction in the link between job cre-
ation and productive connections. Industries that create many jobs are not always those
with the strongest spillover effects to other sectors. The industries listed in the chart,
which are the top job-intensive activities, have high direct employment rates but low
indirect effects. In these sectors, indirect job creation accounts for only a small share of to-
tal employment growth. As a result, these sectors are fairly self-contained, with most job
impacts occurring within each sector. On the other hand, sectors that do not rank among
the top job-intensive activities, such as petroleum refining and cooking, exhibit a differ-
ent trend. These sectors have very low direct job creation, but extremely large indirect ef-
fects, leading to very high employment multipliers. They are closely linked to the broader
economy, spreading shocks and demand changes widely through supply chains, even
though they create few jobs directly. This difference has significant implications for poli-
cies related to the energy transition. Sectors with high job creation tend to have localized
effects on the labour market. In contrast, sectors with high multipliers, while not as no-
ticeable in direct job creation, have far-reaching impacts throughout the economy.

A closer look at the employment multipliers of these sectors, however, shows large
variations within these groups. The main outlier of the brown sector is, of course, pe-
troleum refining, which has an employment multiplier of 41.86. This is explained bu
this sector employing relatively few workers directly, despite being at the center of
a vast, intricate, and interconnected supply web that reaches a wide range of down-
stream sectors, from fuels to plastics to chemicals. This means that every direct job in
the sector indirectly employs over 40 others, making the overall employment multi-
plier of the brown sector higher than expected.

Other brown sectors, such as sugar production, biofuels, meat and dairy products, and
steelmaking, also demonstrate robust upstream and downstream linkages, indicating
extensive agro-industrial and industrial value chains. Although these sectors’ employ-
ment multipliers are naturally lower than those of petroleum refining, they remain
considerably above than the economy-wide average, underscoring the commodities

sector’s role in intersectoral employment in Brazil.



Figure 11 - Direct and indirect employment coefficients by category: Top 15 sectors
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Figure 12 - Sectoral employment multipliers by category: brown, green and neutral

Top 15 Brown Multipliers Top 15 Green Multipliers Top 15 Neutral Multipliers
Oil refining and coking _ 41,86 Automobiles, trucks and buses (ex- 7,44 Telecommunications _ 3,60
Sugar manufacturing and refining - 6,17 IT equipment, electronics and optics TV, radio, cinema and audio/ _ 3,19
Biofuels manufacturing - 5,86 Beverage manufacturing Financial intermediation and _ 1,99
Slaughter and meat products..., - 5,25 Other food products Publishing and integrated printing _ 1,93
Pig iron/ferroalloys, steel and... - 4,66 Tobacco products manufacturing Non-real estate rentals and IP -
Organic and inorganic chemicals..., . 4,09 Electrical machinery and equipment Other professional, scientific and _
Pulp, paper and paper products . 3,16 Mechanical machinery and equipment Maintenance, repair and installa- _ 1,46
Qil and gas extraction, including... I 2,76 Auto parts and accessories IT development and information ser- _ 1,40
Non-ferrous metallurgy and metal I 2,67 Rubber and plastic products manufac... Storage, auxiliary transport and _ 1,39
Electricity, natural gas and other... I 2,49 Other transport equipment (except mo... Construction _ 1,23
Pesticides, disinfectants, paints... I 2,47 Pharmaceutical and pharmaceutical ... Legal, accounting, consulting and _ 1,21
Cleaning products, cosmetics and... I 1,87 Textile products manufacturing Architecture, engineering, testing -
Iron ore extraction, including pro- I 1,87 Footwear and leather goods manufacturing Arts, creative and entertainment -
Air transport I 1,60 Wood products manufacturing Other administrative and support -
Non-metallic mineral products... I 1,49 Furniture and other manufacturing Associations and other personal - 1,12
(o] 10 20 30 40 [o] 2 4 6 (o] 1 2 3
Multiplier Multiplier Multiplier

Source: own elaboration based on data from GIC/IE-UFRIJ (UFR3J, 2026) and PNAD Continua (IBGE, 2025).



A decade of green jobs in Brazil: evolution and
patterns in the last decade between 2014 and 2024

Within the green sectors, the car manufacturing industry has the highest multiplier
effect in terms of jobs created, at around 7.44, outperforming many of the brown sec-
tors. It is important to consider the highly diversified nature of the automotive indus-
try's domestic supply chain, which draws on a wide variety of intermediate inputs, in-
cluding metals, petrochemicals, electronics, and energy. Moreover, as the automotive
industry shifts towards electric vehicle production, the complex domestic supply chain
is here to stay. Therefore, any green industrial policy that targets the automotive indus-
try has the potential to increase the average green jobs multiplier. However, outside
the automotive industry, the average multiplier in the green sectors is moderate. The
average multiplier in the technology sectors, where intermediate imports are signifi-
cant, is particularly low.

The same applies to the neutral sectors. The sectors in this group have the lowest
average employment multiplier. Even the highest multiplier in the group, the tele-
communications industry, has a multiplier of only 3.40. This implies that the telecom-
munications industry has some linkages to the production of equipment, energy, and
infrastructure. However, the linkages in the telecommunications industry are nowhere
near those in the industrial sectors. The average multiplier across the remaining neutral
sectors is close to the baseline. This is not surprising because the production process
in the neutral sectors has limited linkages to the production of intermediate goods.
Therefore, the overall message is that the employment multiplier is determined by
a sector’s position in the production chain, not by its labour intensity. For the energy
shift, the message is that expanding green sectors with a complex domestic supply
chain, like the automotive industry, has a higher multiplier effect on job creation.



The present study contributes to the discussion on the low-carbon economy transition
by providing an integrative characterization of green, neutral, and brown activities in
the Brazilian labour market and incorporating labour market information and the pro-
duction approach. In this way, the study provides new insight into how green activities

are connected to broader structural changes in Brazil's labour market.

The results suggest that green and neutral activities are associated with higher job qual-
ity and earnings. However, they also have higher internal inequality. The differences in
wages between educational levels are not explained by higher returns to higher educa-
tion at the top of the distribution. Instead, wages for workers with low and intermedi-
ate levels of education tend to be similar across green, neutral, and brown activities. In
contrast, wages for workers with higher levels of education tend to be lower in green
activities. Therefore, inequality is higher in green and neutral activities than in brown
activities, despite their higher average outcomes. Additionally, results from the input-
output analysis suggest that the labour market impact of green activities extends be-
yond direct job creation to include indirect job creation through intersectoral linkages.

The analysis also reveals pronounced asymmetries in employment multipliers across
sectors. Brown sectors exhibit the highest average multiplier (4.35), reflecting their deep
integration into domestic production chains, with oil refining standing out as an ex-
treme outlier due to its extensive indirect linkages. Green sectors display moderate mul-
tipliers (1.45), indicating weaker productive integration overall, although the automotive
industry shows relatively strong spillover effects. Neutral sectors, largely composed of
services, present the lowest multipliers (1.15), with employment effects remaining highly
localized. These findings indicate that employment multipliers are driven primarily by a
sector's position within production chains rather than by direct labour intensity, high-
lighting the importance of productive linkages for achieving a more inclusive and bal-
anced green transition through targeted industrial and skills policies.

The findings of this study indicate that effective transition strategies should extend
beyond narrowly defined environmental or labour-market interventions, integrat-
ing instead industrial, employment, and skills policies. The policy implications of this
analysis indicate the need for coordinated strategies that prioritize green sectors with
stronger intersectoral linkages. In addition, there is a requirement to align education,
training, and re-skilling policies to address skill mismatches and distributional effects.
The implementation of such policies would serve to enhance employment multipliers
and limit the persistence of labour-market inequalities in Brazil.
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APPENDIXA

This technical note outlines the methodological procedure used to harmonize the Na-
tional Household-Based Classification of Economic Activities (CNAE Domiciliar, in Por-
tuguese) with the 67-sector structure of the National Accounts System (SCN 67). This
harmonization is essential for integrating household microdata into macroeconomic
studies, sectoral analyses, and input-output applications, ensuring statistical coher-
ence between self-reported activity categories and the productive structure consoli-
dated by the Brazilian Institute of Geography and Statistics (IBGE).

The methodology consists of two main steps. First, we rely on the existing correspon-
dence between CNAE 2.0 and the SCN 67 developed by Ferreira (2022), which links
each CNAE division or class to one or more sectors in the National Accounts. Second,
we convert CNAE Domiciliar codes into standard CNAE 2.0 codes using the official
IBGE equivalence table. Combining these two mappings makes it possible to assign

each CNAE Domiciliar code to one or more SCN 67 sectors.

Several challenges emerge from the lower level of detail in the household classifica-
tion. Some categories are residual—such as “not previously specified” groups—or ag-
gregate activities with heterogeneous production structures. This complicates their
allocation to a single SCN sector. Such issues are especially relevant for mineral ex-
traction, segments of the chemical industry, and, most notably, for the education and

health sectors.

A specific treatment is required in these two sectors because the SCN 67 distinguishes
between public and private provision, education (public/private), and health (public/
private), while CNAE Domiciliar does not. To resolve this, we use the worker's occu-
pational position as an auxiliary variable. Individuals identifying as military personnel,
statutory civil servants, or public-sector employees (with or without a formal contract)
are assigned to the public sector. All remaining workers, including private-sector em-
ployees, self-employed workers, employers, and unpaid workers, are allocated to the
private sector. This procedure introduces no arbitrary assumptions and aligns with the
logic of the National Accounts.

In cases where a CNAE Domiciliar code corresponds to two sectors in the SCN 67 and
available information does not allow a precise allocation; we rely on the National Ac-
counts' Supply and Use Table. This table provides the number of formally employed
workers associated with each SCN sector, allowing us to compute relative shares and
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distribute ambiguous cases according to the observed economic importance of each
sector. The methodology ensures a transparent, reproducible, and conceptually con-
sistent harmonization. By integrating the CNAE 2.0-SCN correspondence, IBGE's con-
version table, and household microdata, the procedure reconstructs the sectoral dis-
tribution of economic activities from self-reported information while preserving full
comparability with official macroeconomic statistics. This systematization also supports
future updates as classifications evolve and facilitates research requiring the integration
of economic classifications with different levels of granularity and analytical purposes.
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Figure 13 - Employment multipliers by category, excluding oil refining
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Source: own elaboration based on data from GIC/IE-UFRJ database (UFRIJ, 2026) and PNAD Continua (IBGE, 2025).
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