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ABSTRACT

Climate change, driven by human activities such as burning fossil fuels, deforestation, and industrial agriculture,
is one of the most urgent global challenges. The rise in greenhouse gases (GHGs), such as carbon dioxide (CO2),
methane (CH4), and nitrous oxide (N2O), is contributing to global warming, sea-level rise, and extreme weather
events, with developing nations being particularly vulnerable. To address this, sustainability has become a key
focus, involving the need to meet present demands without compromising the ability of future generations to meet
theirs. Mitigation strategies include reducing emissions, transitioning to renewable energy sources such as solar,
wind, and hydropower, improving energy efficiency, and using reforestation to absorb carbon dioxide. Adaptation
efforts, such as drought-resistant crops and resilient infrastructure, help communities cope with the impacts of
climate change. The circular economy, which emphasizes resource efficiency, waste reduction, and recycling, further
supports environmental sustainability. Governments, corporations, and individuals must also prioritize social justice,
ensuring that underserved areas most affected by climate change receive the necessary support. Through collective
action, we can work towards a sustainable future for all.
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1. INTRODUCTION

“The Nexus between Climate Change and Sustainable De-
velopment” provides an in-depth look at the key impacts
of climate change and sustainable development. Evidence
shows that while developing countries do not contribute sig-
nificantly to global greenhouse gas (GHG) emissions, they
are particularly vulnerable to climate impacts because of their
dependence on livelihoods such as agriculture and because
of limitations in adaptive capacity. The report highlights the
need to integrate climate-security policies with sustainable
development strategies to address these vulnerabilities and
balance current development needs with long-term ecological
sustainability.

A recurring theme is the importance of fairness and equity in
the distribution of mitigation responsibilities. Such respon-

sibilities should account for historical emissions, per-capita
contributions, ecological thresholds, the distribution of global
mitigation responsibilities, and localized policy responses.
This approach emphasizes the need to integrate environmen-
tal, social, and economic aspects of sustainability. For exam-
ple, social sustainability requires a balance between climate
impact and responsibility, as well as participation in policy
decisions [1].

2. RESEARCH MILESTONES PERTAINING TO SUS-
TAINABILITY AND CLIMATE CHANGE

Economic sustainability reflects cost-effectiveness and long-
term growth, but it must also include the value of natural
resources and ecosystem health, which is often overlooked in
traditional analysis. Case studies in Africa, Brazil, and South

7

Journal of Cognitive Human-Computer Interaction 

© 2025 The Author(s). Published by ASPG. This article is licensed under CC BY 4.0.

https://doi.org/10.54216/JCHCI.090202


Journal of Cognitive Human-Computer Interaction (JCHCI) Vol. 09, No. 02 · 2025

Figure 1. GHG mitigation policy questions and sustainable devel-
opment issues.

Africa report a misunderstanding of the challenges and op-
portunities facing developing countries. South Asia has high
levels of poverty and vulnerability to extreme weather con-
ditions that affect food security, agricultural production, and
coastal ecosystems. Studies have shown that significant eco-
nomic losses are associated with climate impacts, including
reductions in agricultural income and gross domestic product.

Similarly, West Africa faces challenges such as desertifica-
tion and reliance on agro-farming, which exacerbates climate-
change vulnerability. Regional cooperation is recommended
as a practical strategy to address environmental problems.
Brazil provides an example of successful integration of cli-
mate and development policies, particularly through energy
programs such as PROCEL, which reduce emissions while
encouraging job growth. Urban-planning projects such as the
Curitiba model show that community-oriented government
projects can improve quality of life while reducing pollution.

Mitigation measures can align with sustainable development
goals, but poorly designed policies can create economic prob-
lems or increase inequality. Renewable energy and energy
efficiency can reduce emissions, increase energy security,
and provide public-health benefits. However, the transition
from coal to clean energy creates major challenges for coal-
dependent industries. In countries such as South Africa,
where coal-fired power plants dominate and provide signifi-
cant employment, the costs of switching to cleaner fuels must
be carefully managed to avoid negative social and economic
impacts.

Reducing greenhouse gas emissions, such as reducing re-
liance on fossil fuels or improving public transport, often has
positive outcomes including improved air quality, reduced
health risks, and increased energy security. These co-benefits
are particularly important in large cities in developing coun-
tries, where climate action can simultaneously address envi-
ronmental degradation and social inequality. Figure 1 sum-
marizes the relationship between impacts, stabilization levels,
cross-cutting sustainable-development issues, and the level
and type of action required.

3. INTERRELATED PROCEDURES: AN INTERCON-
NECTED NETWORK

The article titled “Linking climate change and sustainable
development in the region” details the interaction between
climate-change adaptation, mitigation, and sustainable de-
velopment, focusing on local and regional scales. Climate
change and development are closely linked and influence each
other: climate affects development opportunities, while devel-
opment affects greenhouse gas (GHG) emissions and adaptive

capacity. The article stresses the importance of integrating
sustainable development into climate-change responses to
address the relationship between these processes [2].

Existing international ideas often remain theoretical and
may not be suitable for local practice, where disadvan-
tages are highly context-specific. The adaptation–mitigation–
sustainable-development (AMSD) framework stresses that
adaptation and mitigation efforts are most effective when
they are integrated into development goals. AMSD em-
phasizes participation, contextual development, community-
based learning, and iterative processes that integrate local
knowledge to develop appropriate strategies for specific ac-
tivities.

The AMSD approach combines methods such as regression,
trade-off analysis, and stakeholder collaboration to identify
synergies between mitigation and adaptation. Participatory
planning can support local members in adaptation and mitiga-
tion strategies, thereby increasing their effectiveness. Despite
these advantages, collaborative processes require significant
time and resources, making implementation difficult for lo-
cal decision-makers with limited resources. Empowering
stakeholders, improving research processes, and facilitating
collaboration can enhance participation and capacity building.

Urban planning based on AMSD principles can address secu-
rity issues and reduce emissions through green technologies
and sustainable practices. However, narrow policies may pri-
oritize one goal over another, create conflict, or cause greater
harm than intended. Economic evaluation, collective action,
and cooperation among local, regional, and national actors
are therefore needed to guide balanced decision-making. Ex-
amples from Kenya and Canada show how sustainable water
management and climate-sensitive infrastructure planning
can link local adaptation with broader emission-reduction
goals.

3.1 Policy Linkages Between Climate Change and Sustain-
able Development

The relationship between climate change and sustainable de-
velopment is complex because each policy area influences the
other. Sustainable development policies can shape emissions
trajectories through development pathways, sectoral envi-
ronmental and economic policies, institutional changes, and
technological innovation. Likewise, climate-change policies
can affect sustainable development through avoided climate
damage, ancillary benefits and costs, direct national and sec-
toral costs, spillovers, trade effects, and further innovation.

As shown in Figure 2, climate and development should not be
treated as isolated policy domains. Integrating the two makes
it possible to create strategies that reduce emissions while
improving livelihoods, strengthening institutions, and enhanc-
ing resilience. For example, low-carbon transport systems
reduce fossil-fuel dependence and air pollution while improv-
ing mobility. Similarly, clean-energy investments improve
energy access while reducing carbon intensity.

Agriculture is another central area of interaction. Climate
change affects crop yields, water availability, food prices, and
rural livelihoods. At the same time, agricultural practices con-
tribute to emissions through land-use change, fertilizer use,
and livestock production. Sustainable agriculture, therefore,
requires climate-resilient crops, improved water management,
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Figure 2. Linkages between sustainable development, climate
change, and policies in these areas.

soil conservation, agroforestry, and technologies that reduce
emissions while supporting food security.

4. GIVING HUMAN WELLBEING TOP PRIORITY IN
DEVELOPMENT AND CLIMATE ACTION PLANS

The paper Climate Change and Sustainable Development:
Expanding the Options explores the urgent need to integrate
climate-change policy with development goals, highlighting
the historical interactions between the two areas. The success
of climate-change mitigation and adaptation efforts is linked
to the development pathways selected by local economies
and societies. Climate-change policy should not exist in
isolation, but should be integrated with technology, business,
and economic development.

Climate policy can contribute to sustainable development by
reducing climate damage, providing synergies such as im-
proved air quality, and encouraging innovation. At the same
time, sustainable-development policies can affect climate
outcomes by promoting low-energy technologies, changing
development strategies, and strengthening domestic resources.
Economic and technological changes in commercial services
or renewable energy can reduce carbon emissions, while re-
forms such as improved water management and protected
ecosystems help increase resilience.

Historically, climate change has often been viewed primarily
as a long-term global environmental problem, while sustain-
able development has been delivered through financial and
social projects. This separation has reduced opportunities to
realize common benefits and manage trade-offs. Policies that
combine these dimensions can maximize gains across multi-
ple areas. Renewable-energy projects can reduce reliance on
fossil fuels, reduce carbon emissions, and support local eco-
nomic growth. Urban planning that addresses energy use and
public transportation can reduce emissions while improving
urban living standards and reducing congestion.

Brazil’s ethanol program, for example, was initially designed
to address energy security and financial concerns, but it has
since become a major factor in climate-change mitigation.
Forest-restoration programs can sequester carbon and support
biodiversity conservation, but they can also raise concerns
about land-use competition. These examples highlight the
importance of context-specific solutions that balance environ-
mental, social, and financial priorities.

Figure 3. Impact on food prices of climate-change impact scenarios
at different time horizons. The colored bars represent regional and
global price changes under RCP 2.6 and RCP 8.5.

Fragmented governance, where climate and development is-
sues are managed separately, is a major problem. Greater
collaboration across ministries and levels of government is
required, along with participatory decision-making processes
involving local communities and international organizations.
Such processes ensure that policies are inclusive, context-
specific, and aligned with local priorities. Developing coun-
tries are often the most vulnerable to climate change and face
significant financial, labor, and capacity challenges. Building
these resources through investment in education, training,
and infrastructure can enable communities to develop and
implement effective strategies.

Trade-offs and synergies must be considered in policymaking.
Some policies can complement each other, while others may
be contradictory. Expanding biofuel production can reduce
reliance on fossil fuels but may compete with food production
or lead to land degradation. Large-scale adaptation projects
such as dams or coastal defenses can have environmental or
social impacts. Recognizing and managing these trade-offs is
crucial to creating fair and equitable policies.

5. CLIMATE CHANGE, FOOD PRICES, AND AGRI-
CULTURAL SUSTAINABILITY

Climate impacts on agriculture and food systems are espe-
cially important for developing countries because many liveli-
hoods depend directly on land, rainfall, and ecosystem ser-
vices. Climate scenarios suggest that food prices may change
significantly across regions and time horizons. These changes
depend on the emissions pathway, regional climate exposure,
and the adaptive capacity of agricultural systems.

Figure 3 illustrates projected average price changes for 2030,
2050, and 2080 under RCP 2.6 and RCP 8.5. The results
indicate that higher-emission scenarios can increase uncer-
tainty and amplify regional differences. Some regions may
experience modest or temporary reductions, while others may
experience strong increases, particularly under RCP 8.5 by
2080. The figure reinforces the need for adaptation mea-
sures in agriculture and forestry, including climate-resilient
infrastructure, capacity building for smallholder farmers, and
climate-smart technologies.

The article highlights the importance of integrating short-term
development goals with long-term climate-security goals, ar-
guing that early adaptation can provide benefits in food se-
curity, financial security, and environmental sustainability.
Agricultural policies should therefore combine productiv-
ity, resilience, and emissions reduction. Examples include
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improving irrigation efficiency, adopting drought-resistant
crops, protecting soil quality, reducing post-harvest losses,
and supporting farmers through climate information services.

6. KEY IDEAS AND PERSPECTIVES FROM DEVEL-
OPING NATIONS ON CLIMATE-RESPONSIVE DE-
VELOPMENT

The article explores the intersection of climate change, miti-
gation strategies, and development, focusing on agriculture
and forestry in developing countries. It assesses the situation
up to 2080 using a GLOBIOM-style model and highlights the
twin challenges of combating climate change and achieving
development goals. It provides a critical analysis of how cli-
mate change affects food security, agriculture, and land use,
especially in low- and middle-income countries [3, 4].

Food and financial security are strongly affected in develop-
ing regions such as South Asia, Sub-Saharan Africa, and parts
of Latin America. By 2030, without the beneficial impact of
rising carbon dioxide, global crop yields are projected to fall
substantially, with losses varying across regions depending on
adaptation and development pathways. Sub-Saharan Africa
faces particular challenges because of limited institutional
capacity and sensitivity to price volatility. The paper also sug-
gests improved drainage, crop management, and economic
reforms as alternatives to mitigate these impacts, but notes
that such actions require incentives and investment.

Agriculture, forestry, and other land-use (AFOLU) emissions
must be reduced sharply to keep warming below 2 °C. These
measures have economic implications, including effects on
crop and livestock production. Global carbon-mitigation poli-
cies may reduce crop and livestock output in some regions
unless income streams and social-protection mechanisms sup-
port vulnerable groups. Shared Socio-Economic Pathways
(SSPs) show that regions with stronger resilience, better gov-
ernance, and integrated business systems are better positioned
to reduce negative impacts, while high-inequality and frag-
mented scenarios intensify food-security risks.

The report indicates that major shifts in bioenergy produc-
tion could reduce reliance on fossil fuels and make some
regions net carbon sinks. However, this shift would require
significant land cultivation and could increase competition
between food and energy needs. Global bioenergy demand
may rise under mitigation policy, creating greater reliance
on land resources, particularly in Latin America and Sub-
Saharan Africa. The analysis therefore highlights the need
to balance competing demands for food, energy, land, and
environmental protection.

Opportunities include improving livestock production, us-
ing low-cost technologies, increasing crop yields through
research and development, expanding reforestation, and
strengthening recycling-oriented land-management practices.
These solutions depend on adequate funding, institutional
capacity, and international cooperation. The findings high-
light the need for interventions that protect vulnerable groups,
including social-security systems, subsidy programs, climate-
smart agriculture, open trade policies, and investment in sus-
tainable land management [5, 6].

Figure 4. Sectoral breakdown of global greenhouse gas emissions
in 2004.

7. GLOBAL EMISSIONS AND MITIGATION CHAL-
LENGES

The global challenge of mitigating climate change is closely
related to sustainable development, economic trends, and
technological capacity. There is a clear link between green-
house gas emissions and sectoral contributions, as well as
important socioeconomic, geographic, and technological dif-
ferences affecting global reductions. Significant growth in
greenhouse gas emissions has occurred particularly from en-
ergy use, transport, and industry. This growth reflects ex-
panding trade and urbanization, particularly in non-Annex I
countries, which already account for the majority of global
emissions.

Discrepancies in per-capita emissions between Annex I and
non-Annex I countries highlight serious equity issues. For
example, North America accounts for a small share of the
world’s population but a much larger share of global emis-
sions, while Africa accounts for a larger population share
but a lower emissions share. This difference is important for
discussions of equity in global mitigation strategies.

As shown in Figure 4, emissions from the energy sector are
primarily due to fossil-fuel combustion. Transport emissions
have also increased because of rising mobility demand in
rapidly growing economies. Emissions from homes, work-
places, industry, and agriculture are also important because
of urbanization and changing energy-consumption patterns.

Stabilization scenarios often require significant emission re-
ductions that demand rapid changes and large investments.
Challenges such as long infrastructure lifetimes, economic
inertia, and limited financial resources are major obstacles to
timely mitigation. The balance between emission reduction
and economic growth is especially difficult in least-developed
countries, where poverty and natural-resource degradation
affect climate vulnerability.

Adaptation and mitigation differ in timescale and policy impli-
cations. Adaptation is essential to address short- and medium-
term impacts, while mitigation provides long-term benefits
by limiting future climate change. The interaction of these
strategies often involves synergies and trade-offs and requires
integrated planning. Agricultural reforms, for example, can
reduce emissions while increasing food security and sup-
porting recycling. Renewable-energy projects can reduce
emissions, increase energy efficiency, and create local em-
ployment, especially in rural areas.

Technological innovation and diffusion have a dual role in

10



Journal of Cognitive Human-Computer Interaction (JCHCI) Vol. 09, No. 02 · 2025

reducing emissions and solving socioeconomic problems.
Drivers of technological change include research and devel-
opment, learning by doing, knowledge exchange, and sup-
portive policy frameworks. Public and private investment can
accelerate clean-energy deployment, improve efficiency, and
lower technology costs over time. However, the benefits of
innovation depend on access, affordability, and institutional
capacity.

8. CONCLUSION

Climate change and sustainability are deeply interconnected.
Climate change threatens ecosystems, economies, food se-
curity, public health, and social wellbeing, while sustainable
development provides the framework needed to address these
challenges fairly and effectively. The review emphasizes that
mitigation and adaptation should be integrated with develop-
ment planning rather than treated as separate environmental
concerns.

Developing countries are particularly vulnerable because of
poverty, reliance on climate-sensitive sectors, and limited
adaptive capacity. Therefore, climate policies must prioritize
equity, social justice, capacity building, and local partici-
pation. Renewable energy, energy efficiency, sustainable
agriculture, resilient infrastructure, reforestation, circular-
economy practices, and improved governance can all con-
tribute to a more sustainable future.

Collective action by governments, corporations, communi-
ties, and individuals is essential. By combining emission
reductions with adaptation and sustainable-development pri-
orities, societies can reduce climate risks while improving
human wellbeing and protecting natural systems for future
generations.
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