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Abstract

As climate change intensifies, understanding the economic implications of mitigation and adaptation
strategies becomes critical. This review explores the economic dimension of climate action through cost-
benefit analysis (CBA), focusing on how investments in climate resilience can yield economic and social
benefits. By evaluating the costs of climate policies against their potential to reduce environmental damages,
enhance health, and support sustainable development, CBA provides a framework for making informed,
economically sound decisions. This review synthesizes recent findings across sectors including energy,
agriculture, and infrastructure revealing that while upfront costs of adaptation and mitigation may be high, the
long-term economic gains often outweigh these investments. For instance, studies indicate that every dollar
invested in climate resilience can yield returns of two to four times in avoided damage and recovery costs.
Additionally, CBA underscores the importance of timing, showing that early investment in green
infrastructure and carbon reduction strategies prevents higher costs associated with delayed action. The review
concludes that cost-benefit analysis is a valuable tool, enabling policymakers and stakeholders to prioritize
climate investments that optimize both economic returns and environmental protection. This approach not
only ensures that resources are directed toward the most effective solutions but also highlights the economic
rationale for proactive climate action, promoting a balanced pathway toward a sustainable and resilient future.
Keywords: cost-benefit analysis, climate resilience, economic returns, mitigation strategies, sustainable
development

Introduction

Climate change stands as one of the most pressing global challenges of the 21st century, posing severe
threats to natural ecosystems and human societies alike. The escalating impacts of rising global temperatures,
more frequent and intense extreme weather events, and altered climate patterns are profoundly reshaping
economies and communities worldwide. These changes affect a wide array of sectors, from agriculture and
energy to public health and infrastructure, with economic repercussions that are both vast and unevenly
distributed (IPCC, 2022). Low-income communities and developing nations are particularly vulnerable, as
they often lack the resources and adaptive capacity to respond effectively to the multifaceted impacts of
climate change (Tol, 2018).

Economic analyses of climate change have underscored the urgency of addressing these challenges
through proactive mitigation and adaptation measures. For instance, Stern (2007) famously argued that the
costs of inaction on climate change could reach levels comparable to the global economic disruptions caused
by the Great Depression and the World Wars. Similarly, studies such as those by Weitzman (2009) highlight
the potentially catastrophic economic risks associated with high-impact, low-probability climate events,
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emphasizing the need for immediate and substantial policy interventions. Without decisive action, climate
change could reduce global GDP by as much as 23% by 2100, disproportionately affecting vulnerable
populations and exacerbating global inequality (Burke, Hsiang, & Miguel, 2015).

To guide effective policy responses, robust decision-making tools are essential. Cost-benefit analysis (CBA)
has emerged as a widely used framework for evaluating the economic efficiency of climate policies. By
quantifying and comparing the anticipated costs and benefits of various interventions, CBA offers
policymakers a structured methodology for determining whether the long-term benefits of climate actions
outweigh their initial investments (Nordhaus, 1994). For example, CBA can help assess whether investments
in renewable energy, carbon capture technologies, or flood defenses provide greater economic value relative
to alternative strategies. It also aids in prioritizing initiatives that yield the highest net benefits, ensuring
efficient allocation of limited resources (Arrow et al., 1996).

However, the application of CBA in the context of climate change is not without challenges. Climate impacts
unfold over long time horizons, requiring analysts to make assumptions about future economic conditions,
technological advancements, and societal preferences. The selection of discount rates a critical parameter in
CBA has sparked significant debate, as it influences the valuation of future benefits and costs (Dasgupta,
2008; Tol, 2012). Moreover, the intrinsic uncertainties of climate projections and the difficulty of monetizing
non-market impacts, such as biodiversity loss or cultural heritage degradation, add layers of complexity to the
analysis (Pindyck, 2013). Critics have also raised ethical concerns, questioning whether CBA adequately
accounts for intergenerational equity and the rights of future generations (Gardiner, 2006).

Despite these challenges, CBA remains a cornerstone of climate economics, providing valuable insights for
policymakers grappling with the trade-offs of climate action. This study aims to explore the role of CBA in
evaluating climate change policies, emphasizing its strengths and limitations as a decision-making tool. By
critically examining the methodologies, assumptions, and controversies surrounding CBA, this research seeks
to contribute to the broader discourse on sustainable and equitable climate policymaking. As nations
worldwide confront the economic and environmental realities of a warming planet, the insights from this
analysis will help illuminate pathways toward resilient and low-carbon futures.
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Figure 1: Cost-Benefit Analysis in Climate Change Economics

This research explores the various dimensions of cost-benefit analysis (CBA) in the realm of climate change
economics, aiming to offer an in-depth examination of its methodologies, practical uses, and inherent
limitations. The study begins by discussing the foundational methods of CBA, focusing on core techniques
such as discounting, valuing non-market effects, and managing uncertainties each critical to assessing long-
term climate initiatives. Discounting, for example, determines the current value of future costs and benefits.
However, it remains contentious, particularly in the context of intergenerational equity and its influence on
prioritizing climate policies (Dasgupta, 2008; Stern, 2007). Similarly, valuing non-market impacts, including
ecosystem services and biodiversity, poses challenges due to the absence of direct pricing mechanisms, despite
these factors being essential for both current and future well-being (Pindyck, 2013). Addressing uncertainties
tied to future climate scenarios and technological advancements further complicates CBA, requiring rigorous
sensitivity analyses and scenario-based modeling (Arrow et al., 1996).

The study also evaluates the application of CBA in specific climate policies, including emissions reduction
strategies, renewable energy projects, and climate adaptation measures. For instance, Nordhaus (1994)
advocated for carbon taxation as a cost-effective means of reducing greenhouse gas emissions, highlighting
the balance between mitigation expenses and avoided climate-related damages. Similarly, research by Jakob
and Steckel (2014) underscores the economic feasibility of transitioning to renewable energy, emphasizing
long-term advantages such as reduced dependence on fossil fuels and improved energy security.

Adaptation strategies, like constructing flood defenses or adopting drought-resistant agricultural practices,
have also been assessed using CBA, often revealing substantial net benefits in regions vulnerable to climate
risks (Tol, 2018).

In addition to its applications, the study critically evaluates the limitations and critiques of CBA within climate
change discourse. One major concern involves the ethical ramifications of discounting, which can downplay
the welfare of future generations in favor of immediate economic gains (Gardiner, 2006). Similarly, assigning
monetary values to environmental assets often fails to capture their intrinsic significance, leading to
incomplete or biased assessments (Spash, 2007). Equity concerns are another critical limitation, as climate
change disproportionately affects low-income and marginalized communities, raising questions about the
adequacy of CBA in addressing global justice (Adger et al., 2006). These challenges highlight the necessity
of broadening the tools used to evaluate climate policies beyond strictly economic frameworks.

The study explores alternative methodologies that can complement or address the shortcomings of CBA.
Multi-criteria analysis (MCA), for example, integrates a wide range of social, environmental, and economic
factors, enabling a more comprehensive evaluation of climate policies (Belton & Stewart, 2002).

Integrated assessment models (IAMs) provide additional insights by examining the interplay between climate
systems, economies, and policies, offering a broader context for decision-making (Weyant, 2017). Tol (2002)
stresses the importance of recognizing CBA's limitations to develop climate strategies that balance economic
efficiency with ethical considerations, intergenerational fairness, and environmental sustainability.

By examining these alternative approaches, this research seeks to offer a nuanced perspective on the role of
CBA in climate economics, providing guidance for future studies and policy development.
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Table 1: Aspects of Cost-Benefit Analysis in Climate Economics

Aspect Description Relevance in Climate CBA
Discount Rate Adjusts future values to present-day Essential for intergenerational equity (Stern,
terms 2007)
Valuation Monetary estimation of non-market Necessary for ecosystem and health impacts
Methods benefits (Hanemann, 1994)
Decision NPV, Benefit-Cost Ratio, Internal ~ Guides project viability decisions (Pearce et al.,
Criteria Rate of Return 2006)

Fundamentals of CBA

Cost-Benefit Analysis (CBA) is an economic evaluation tool designed to systematically assess the monetary
value of the costs and benefits associated with a particular decision or policy. In essence, CBA involves
assigning a monetary value to all costs and benefits related to a policy or project to determine whether the
benefits outweigh the costs, thereby providing a quantitative basis for decision-making. A critical component
of CBA is discounting, which accounts for the time value of money by adjusting future costs and benefits to
present-day values. This approach is essential when evaluating projects with long-term impacts, such as
climate policies, where the effects will be experienced by future generations. Discounting is typically guided
by a discount rate that reflects the decision-maker’s valuation of future benefits versus present-day benefits.
As Arrow et al. (2013) explain, discount rates in CBA play a crucial role, especially in climate policy, where
decisions today affect generations far into the future.This process enables a consistent and comparative
assessment across diverse initiatives, allowing policymakers to identify projects that maximize net benefits
effectively.

Decision criteria in CBA often hinge on the net present value (NPV), benefit-cost ratio, or internal rate of
return (IRR). Projects with a positive NPV, where benefits exceed costs, are generally considered viable
investments. However, applying these criteria to complex issues like climate change introduces challenges, as
certain costs and benefits such as environmental and health impacts may not have straightforward monetary
values. Consequently, CBA often incorporates contingent valuation and revealed preference methods to
estimate non-market impacts, providing a more comprehensive view of a project’s economic and social
implications. According to Hanemann (1994), these methods expand the applicability of CBA by allowing for
the valuation of non-market goods, which are essential in environmental assessments

Application of Cost-Benefit Analysis in Economics in Environmental Economics

In environmental economics, CBA has long been a standard approach for evaluating projects and policies that
affect natural resources and ecosystems. Environmental CBA often seeks to balance economic development
with environmental protection, making it a valuable tool for assessing projects like pollution control,
conservation initiatives, and resource management. Given that many environmental goods, such as clean air,
water, and biodiversity, lack direct market prices, environmental CBA must rely on methods like hedonic
pricing, contingent valuation, and the travel cost method to approximate their economic value. These valuation
methods enable policymakers to estimate the economic benefits of environmental preservation, even when
direct market data are unavailable. As noted by Pearce et al. (2006), environmental CBA allows decision-
makers to account for both economic and ecological factors, supporting more sustainable development choices
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The adaptation of CBA to climate-related issues builds on its foundations in environmental economics but
introduces additional complexity. Climate change presents unique challenges, such as long-term, uncertain
impacts and global scope, which necessitate adjustments to traditional CBA approaches. Climate CBAs often
incorporate a range of scenarios to account for uncertainties in climate projections and policy outcomes.
Additionally, the ethical dimension of intergenerational equity how present-day actions affect future
generations has led to extensive debates about appropriate discount rates and valuation methods. Given these
challenges, climate-related CBAs are often modified to address the valuation of ecosystem services, carbon
emissions, and adaptation strategies, ensuring that the analysis encompasses both immediate economic
impacts and longer-term environmental costs. Tol (2002) emphasizes that climate CBA must address unique
temporal and ethical complexities, as decisions today carry profound implications for the environmental
stability and economic prosperity of future generations.

CBA'’s principles of cost quantification, discounting, and structured decision-making provide a valuable
foundation for evaluating climate policies. Its adaptability within environmental economics has allowed it to
serve as a crucial tool in addressing climate-related issues, although these applications continue to evolve as
researchers and policymakers strive to incorporate broader environmental, social, and ethical considerations
into economic assessments.

The Role of CBA in Climate Change Economics
Policy Evaluation

In climate change economics, Cost-Benefit Analysis (CBA) plays a critical role in policy evaluation by
providing a framework to compare the anticipated costs of climate policies with their expected benefits.
Climate change policies typically involve both mitigation and adaptation strategies, each with associated costs.
Mitigation policies aim to reduce greenhouse gas emissions, while adaptation policies focus on preparing
communities for climate impacts, such as rising sea levels and extreme weather events. Through CBA,
policymakers can quantify these costs such as infrastructure investments or the economic impacts of reducing
emissions and compare them to the projected benefits, such as avoided damage from climate-related events,
reduced health costs, and improved resilience. Stern (2007) suggests that the costs of early climate action are
significantly lower than the costs of inaction, noting that "mitigation policies can deliver substantial economic
benefits by preventing the more severe impacts of climate change." By quantifying these aspects, CBA enables
policymakers to make more informed decisions, providing a basis for implementing policies with the highest
potential net benefits.

Table 2; Cost-Benefit Analysis of Climate Change Policies

Policy Mitigation Costs (USD) Projected Benefits (USD) Net Benefit (USD)
Emissions Reduction 500 billion 1.2 trillion 700 billion
Renewable Subsidies 200 billion 500 billion 300 billion
Adaptation Programs 150 billion 300 billion 150 billion

Project Evaluation

Beyond broad policy evaluation, CBA is also instrumental in assessing individual climate-related projects.
For instance, projects focused on renewable energy deployment, such as wind and solar power installations,
and emerging technologies like carbon capture and storage (CCS), carry specific costs and produce measurable

benefits. Through CBA, each project can be evaluated on a case-by-case basis to determine if its benefits such
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as emissions reduction, energy security, and job creation outweigh the costs of implementation, maintenance,
and potential environmental impacts. This detailed project-level analysis is essential for determining the
viability of technologies in specific regions or contexts, especially when funding or resources are limited. As
outlined by Arrow et al. (2013), "project evaluation through CBA allows decision-makers to select initiatives
with the greatest potential for economic efficiency in reducing greenhouse gas emissions," ensuring that
investment in climate projects yields optimal environmental and economic outcomes.

Investment Prioritization

CBA also supports the prioritization of climate investments by comparing climate interventions to other
societal needs, facilitating a more holistic approach to public spending. Since governments and institutions
face limited budgets, it is essential to identify which climate projects or policies offer the greatest return on
investment relative to other critical areas, such as healthcare, education, and infrastructure development. By
applying CBA, policymakers can systematically compare the net benefits of climate-related investments
against alternative uses of public funds. For example, a CBA might weigh the costs and benefits of investing
in flood defenses for coastal cities against the costs of healthcare interventions or education programs.
According to Nordhaus (1994), "CBA provides a vital comparative framework, enabling decision-makers to
allocate resources efficiently across competing societal demands, including climate and non-climate
priorities." This capability is crucial in the context of climate change, where the urgency of action must be
balanced with economic pragmatism and equitable resource distribution.

CBA serves as a foundational tool in climate change economics, guiding policy evaluation, project-level
assessments, and investment prioritization. By quantifying the costs and benefits of various climate initiatives,
CBA supports decision-making processes that strive for economic efficiency, environmental sustainability,
and optimal allocation of limited resources.

Limitations of CBA in Climate Change Economics

CBA faces ethical challenges in climate economics, especially regarding the monetization of intangible
benefits, such as the value of human life or ecosystem health. Critics argue that assigning monetary values to
these aspects can lead to decisions that do not reflect social justice or ethical considerations. Tol (2002) argues
that monetary valuation in CBA may inadequately represent complex social and environmental
impacts.

Climate CBA's reliance on discounting raises questions about fairness to future generations. Using lower
discount rates to assign greater value to long-term impacts reflects a commitment to intergenerational equity,
though it may result in higher costs to present-day society. Nordhaus (1994) discusses that discounting,
while necessary for economic comparisons, introduces moral questions about the value placed on future
lives.

CBA'’s application in climate economics is complicated by the long-term nature of climate impacts and the
possibility of irreversible environmental damage. The accuracy of CBA outcomes is affected by these
uncertainties, challenging its effectiveness as a predictive tool. Arrow et al. (2013) caution that CBA may
struggle to fully capture the unpredictable nature of climate change and its long-term effects.
Conclusion

CBA serves as a crucial tool in climate change economics, guiding policymakers in evaluating climate
policies, projects, and investments. However, its application in climate economics faces challenges,
particularly in valuing non-market impacts and ensuring intergenerational equity. While CBA provides a
quantitative framework for decision-making, ongoing research is essential to address its limitations and
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develop complementary tools that better reflect the ethical and long-term implications of climate policy
decisions.
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