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Abstract: This paper develops a theoretical framework to explain the interactions between climate change and labor
systems, building on previous research focused on the primary sector. While existing studies have examined the economic
and environmental impacts of climate change, there is still a lack of theoretical integration explaining how these effects
translate into labor dynamics.

The aim of this study is to construct a conceptual model that systematizes the mechanisms linking climate variables with
labor outcomes. The framework is based on an interdisciplinary literature review, incorporating perspectives from labor
economics, environmental economics, and social vulnerability theory.

The analysis identifies three key channels of interaction: direct effects (such as productivity loss due to climate
conditions), indirect effects (including migration and sectoral shifts), and mediated effects shaped by institutional and
socio-economic factors. Additionally, the framework incorporates feedback loops, highlighting that labor systems not
only respond to climate change but also influence environmental outcomes through production structures and adaptation
strategies.

The findings suggest that climate—labor interactions are dynamic, non-linear, and context-dependent. This theoretical
contribution provides a structured foundation for future empirical research and strengthens the analytical coherence of
models examining labor dynamics under climate stress.
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Introduction

The relationship between climate change and labor systems has become increasingly relevant in both
academic and policy debates. However, despite the growing body of empirical evidence, the
theoretical understanding of how climate dynamics translate into labor outcomes remains fragmented
and insufficiently integrated.

Most existing studies approach climate change either from an environmental perspective—focusing
on physical and ecological impacts—or from an economic perspective, emphasizing productivity
losses and macroeconomic effects. While these contributions are valuable, they tend to treat labor as
a secondary outcome rather than as a central analytical dimension. As a result, the mechanisms
through which climate variables affect labor systems are often assumed rather than explicitly
theorized.

Empirical evidence demonstrates that temperature increases and climate variability have significant
effects on economic performance and productivity (Burke et al., 2015; Dell et al., 2012). However,
these studies do not fully capture how such effects propagate through labor markets, influence worker
behavior, or reshape employment structures over time. Similarly, research on climate-induced
migration and sectoral shifts provides insights into labor mobility but lacks integration within a
broader conceptual framework (Mueller et al., 2014; World Bank, 2021).

This lack of theoretical integration creates an important gap. Without a structured framework, it
becomes difficult to understand the full complexity of climate—labor interactions, particularly their
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dynamic and multi-level nature. Moreover, policy responses risk being reactive and fragmented,
addressing isolated symptoms rather than underlying mechanisms.

Building on previous research focused on the primary sector, which identified climate change, public
policies, and operational efficiency as key drivers of labor dynamics, this paper aims to provide the
missing theoretical foundation. Specifically, it seeks to explain not only whether climate change
affects labor systems, but how and through which mechanisms these effects occur.

The objective of this paper is therefore to develop a comprehensive theoretical framework that
captures the interactions between climate change and labor systems. This involves:

(1) identifying direct and indirect transmission channels,

(1) incorporating mediating institutional and socio-economic factors, and

(ii1) conceptualizing feedback loops that reflect the bidirectional nature of the relationship.

By doing so, this study contributes to bridging the gap between environmental economics and labor
economics, offering a more integrated perspective that can support both empirical research and policy
design.

Basic content

Climate Change as a Structural Shock

Climate change can be conceptualized as a structural and persistent shock that affects economic
systems in a fundamentally different way compared to traditional cyclical fluctuations. Unlike short-
term economic shocks, climate-related disruptions accumulate over time and generate long-lasting
transformations in production systems and labor dynamics (Stern, 2007; IPCC, 2022).

From a theoretical standpoint, climate change alters the fundamental conditions under which
economic activity takes place. Changes in temperature, precipitation patterns, and the frequency of
extreme events directly affect the availability and productivity of natural resources. In sectors that
rely heavily on environmental conditions, such as agriculture, these changes translate into variations
in output, input use, and labor demand (Mendelsohn et al., 1994; Fuglie, 2018).

Beyond resource availability, climate change also introduces increased uncertainty into economic
decision-making. Firms and workers must operate under more volatile conditions, where production
outcomes become less predictable. This uncertainty affects investment decisions, hiring strategies,
and long-term planning, leading to more cautious behavior and, in some cases, reduced labor demand.
Moreover, the cumulative nature of climate shocks implies that their effects are not isolated but
compound over time. Repeated exposure to extreme events can erode productive capacity, weaken
local economies, and generate persistent labor market distortions. This dynamic reinforces the idea
that climate change should be understood not as a one-time shock, but as a continuous process of
structural transformation.

This perspective positions climate change not merely as an external disturbance but as a structural
driver of economic reconfiguration. As such, its effects on labor systems must be understood within
a broader context of systemic transformation, where environmental, economic, and social processes
are deeply interconnected.

Direct Transmission Mechanisms

At the first level of analysis, climate change affects labor systems through direct mechanisms related
to productivity and health.

Rising temperatures have been shown to reduce worker productivity, particularly in physically
demanding occupations. This effect is non-linear, with productivity losses becoming more
pronounced at higher temperature thresholds (Burke et al., 2015). Similarly, climate variability has
been associated with declines in economic output, especially in regions already exposed to high
temperatures (Dell et al., 2012).

These productivity effects are not evenly distributed across sectors. Outdoor and labor-intensive
activities—such as agriculture, construction, and fisheries—are particularly vulnerable, while more
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capital-intensive or indoor sectors may be less directly affected. This creates asymmetries in labor
market outcomes, contributing to sectoral imbalances.

In addition to productivity effects, climate change also impacts labor through health-related channels.
Increased exposure to heat stress, air pollution, and extreme weather conditions leads to higher rates
of illness, fatigue, and mortality (Deschénes and Greenstone, 2011). These factors reduce effective
labor supply and increase absenteeism, further amplifying productivity losses.

Importantly, health impacts are not limited to physical conditions. Climate-related stressors can also
affect mental health, particularly in regions experiencing repeated environmental shocks. This
dimension, although less visible, can have long-term implications for labor participation and
workforce stability.

Extreme weather events introduce an additional layer of disruption. Floods, droughts, and storms can
damage infrastructure, interrupt production processes, and lead to temporary or permanent job losses.
These effects are particularly severe in labor-intensive sectors and in regions with limited adaptive
capacity (IPCC, 2022).

Taken together, these mechanisms highlight that direct climate impacts on labor operate
simultaneously through multiple channels, reinforcing each other and generating compounded effects
on productivity and employment.

Indirect Mechanisms.: Market Adjustments

Beyond direct impacts, climate change induces indirect effects that reshape labor markets through
structural transformation.

One of the most significant mechanisms is migration. Environmental degradation reduces local
economic opportunities, particularly in rural and climate-sensitive regions. As a result, workers are
forced to relocate in search of alternative livelihoods. Empirical evidence shows that heat stress
significantly increases migration patterns, especially over the long term (Mueller et al., 2014).
Broader analyses confirm that climate change is becoming a major driver of internal migration
worldwide (World Bank, 2021).

Migration, however, is not only a response mechanism but also a source of new labor market
dynamics. The inflow of workers into urban or less affected regions can generate increased
competition for jobs, downward pressure on wages, and pressure on infrastructure and public
services. At the same time, origin regions may experience labor shortages, particularly in sectors that
depend on local knowledge and experience.

Another key mechanism is sectoral reallocation. As certain economic activities become less viable
due to climate conditions, labor shifts toward other sectors. This process is not frictionless. It often
involves skill mismatches, adjustment costs, and transitional unemployment, particularly in
economies with limited labor mobility (Nath and Behera, 2011).

In addition, these structural adjustments may lead to long-term changes in the composition of the
labor force. Workers may need to acquire new skills or transition into emerging sectors, such as
renewable energy or climate-resilient industries. The speed and effectiveness of these transitions
depend on education systems, training programs, and institutional support.

These indirect effects highlight that climate change does not only reduce labor productivity but also
transforms the structure of labor markets, generating both risks and opportunities. Understanding
these processes is essential for anticipating long-term labor dynamics.

Mediating Factors and Heterogeneity

The impact of climate change on labor systems is mediated by a set of contextual factors that
determine the extent and nature of its effects.

Institutional quality plays a central role in shaping adaptive capacity. Governments can mitigate the
negative impacts of climate change through policies that support labor transitions, protect workers,
and promote sustainable practices (OECD, 2021). Conversely, weak institutional frameworks tend to
exacerbate vulnerability and limit adaptation.
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Beyond formal institutions, the effectiveness of policy implementation is equally important. Even
well-designed policies may fail if administrative capacity is limited or if there is a lack of coordination
between different levels of governance. This introduces variability in outcomes across countries and
regions.

Income levels also influence resilience. Higher-income economies have greater access to technology,
infrastructure, and financial resources, enabling more effective responses to climate shocks (Stern,
2007). In contrast, low-income regions are more exposed to risk and have fewer mechanisms for
adaptation.

However, income alone does not fully determine vulnerability. Inequality within countries can lead
to uneven exposure and adaptive capacity across different population groups. Workers in informal or
precarious employment are often more vulnerable to climate impacts, as they lack social protection
and access to resources.

Geographic conditions further shape exposure to climate risks. Regions with higher vulnerability—
such as coastal areas or arid zones—experience more intense labor disruptions. This contributes to
the uneven distribution of climate impacts and reinforces existing socio-economic inequalities (IPCC,
2022; Piguet et al., 2018).

Overall, these mediating factors highlight that climate—labor interactions are highly context-
dependent. The same climate shock can produce very different labor outcomes depending on
institutional, economic, and geographic conditions.

Feedback Loops Between Labor and Climate

A key contribution of this framework is the recognition that labor systems are not only affected by
climate change but also actively influence environmental dynamics.

Labor-intensive production processes contribute to greenhouse gas emissions through energy use,
resource extraction, and industrial activity. As employment expands in certain sectors—particularly
those with high carbon intensity—environmental pressures may increase, reinforcing climate change
and generating additional long-term risks (Stern, 2007).

However, this relationship is not unidirectional. Labor systems also play a central role in climate
adaptation and mitigation processes. The reallocation of labor toward less carbon-intensive sectors,
as well as the development of green jobs, can reduce environmental impact while simultaneously
transforming employment structures. These transitions are often driven by both market forces and
institutional interventions, highlighting the importance of policy frameworks in shaping labor—
climate dynamics (OECD, 2021).

From a theoretical perspective, these interactions can be understood as dynamic feedback loops.
Initial climate shocks affect labor outcomes through direct and indirect mechanisms. In response,
labor systems adjust through changes in employment patterns, productivity strategies, and sectoral
composition. These adjustments, in turn, influence environmental outcomes by altering emissions,
resource use, and technological adoption.

This feedback process introduces a temporal dimension to climate—labor interactions. Short-term
labor responses may mitigate immediate impacts but generate unintended long-term consequences if
they reinforce unsustainable production patterns. Conversely, well-designed adaptation strategies can
create virtuous cycles in which labor transformation contributes to both economic resilience and
environmental sustainability.

Understanding these feedback loops is essential for avoiding policy approaches that focus solely on
short-term labor protection without considering long-term environmental implications. Instead, an
integrated perspective is required—one that recognizes labor systems as both recipients and drivers
of climate dynamics.
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Figure 1. Conceptual Framework of Climate—Labor Interactions
Source: Own elaboration

L=f(C,1,S,G)

Where:
e L represents labor outcomes
e (C climate variables
e [ institutional factors
e S sectoral structure
e (G geographic conditions

This functional relationship summarizes the multidimensional and interdependent nature of
climate—labor interactions, emphasizing that labor outcomes are jointly determined by
environmental conditions and contextual factors, rather than by climate variables alone.

Conclusions

This paper develops a theoretical framework that explains the complex and multi-layered interactions
between climate change and labor systems. By integrating direct, indirect, and mediated mechanisms,
as well as feedback loops, the framework provides a structured and dynamic perspective on how
climate dynamics influence labor outcomes.

The main contribution of this study lies in moving beyond fragmented approaches that treat
environmental and labor processes separately. Instead, it offers a unified analytical structure that
captures the interdependence between climate shocks, labor market adjustments, and institutional
contexts. In doing so, the framework highlights that labor systems should not be understood solely as
passive recipients of climate impacts, but also as active agents shaping environmental trajectories.
Furthermore, the model introduces a dynamic perspective by incorporating feedback mechanisms,
emphasizing that labor responses to climate change can either reinforce or mitigate environmental
pressures. This insight has important implications for both research and policy, as it underscores the
need to align labor adaptation strategies with long-term sustainability objectives.
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From an empirical standpoint, the framework provides a foundation for future research aimed at
testing the proposed relationships across different sectors and regional contexts. In particular, it
supports the development of models that integrate climate variables, institutional factors, and labor
dynamics within a unified analytical structure.

Finally, from a policy perspective, the findings suggest that effective responses to climate change
must go beyond isolated interventions. Policies should simultaneously address labor protection,
economic adaptation, and environmental sustainability, ensuring that short-term adjustments do not
generate long-term vulnerabilities. In this sense, the framework contributes to a more coherent
understanding of how to design integrated strategies that strengthen both labor resilience and climate
outcomes.
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