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problems addressed today often require extensive
integration and interchange among the
disciplines, as well as across broad spatial and
temporal scales.

1. Introduction to Climate Change Challenges

Two major challenges of our age demand climate action: slowing down the progression of
climate change and reducing its effects, along with protecting and, wherever possible, restoring
functioning ecosystems. The changes needed can only be realized through a true transformation
of society. As defined in the Basic Research Challenges for Self-Organization of Matter in the
Changing Environment of the United Kingdom’s Engineering Physical Sciences Research
Council, “Climate change—the changing of the earth’s climate that results from an increase in
the average atmospheric temperatures—has the potential to affect every detail of the planet's
physical and biological environment. Plants and animals, through their functions in ecosystems,
alter and control the atmosphere—earth system and, therefore, changes in biodiversity or in the
geographic ranges of important species can affect the global climate system. Climate change will
also have a direct effect on human societies, often by affecting the goods and services provided
so that, for example, reduced agricultural yields in some major food-producing areas might have
adverse impacts on the lives of millions of people.”

Greenhouse gases affect the climate by changing the distribution of radiation entering and
leaving the earth’s atmosphere and by altering the temperature structure of the atmosphere. Since
the beginning of industrialization, the combustion of fossil fuels, as well as other chemical and
biological processes, have significantly increased the natural abundance of the major greenhouse
gases—carbon dioxide, methane, nitrous oxide, and halocarbon substances—in the earth’s
atmosphere. Only two studies for deciding who is most vulnerable to the impact of climate
change on biodiversity, one by a group of ecologists and the other by a group of physicists, have
been identified. It is clear that good models of functional biodiversity are lacking; such models
would help in formulating models of the effect of climate change—direct and indirect—on
ecosystems. Understanding how biodiversity determines ecosystem functions is crucial for
predicting effects of climate change on human well-being. Qualitative predictions of global
patterns of functional responses of ecosystems to future climate probably can be made for the
tropics and for the northern latitudes, but these might be substantially altered by climate—human
interactions and complex feedbacks among ecosystem functions, as well as interactions between
biodiversity and resource-use intensity. [1][2][3]

2. The Role of Life Sciences in Climate Change

Anthropogenic climate change threatens the resilience of biodiversity and ecosystems, which in
turn disrupts a myriad of ecosystem services critical for social and economic well-being [4].
Species’ vulnerability to climate change is determined by interactions among various factors,
including physiological tolerances, phenotypic plasticity, genetic diversity, capacity for
adaptation, dispersal ability, scale and rate of climate change, ecological interactions, and
exposure to indirect effects [5]. These biological responses have major ecological consequences,
posing a greater threat of species-level extinction over the next century than seen in recent
evolutionary history.

2.1. Biodiversity and Ecosystem Services

Climate change imposes growing pressures on biodiversity and ecosystem services, which
underpin many essential human activities. Impacts on organisms are widely documented, but the
consequences rarely integrated into broader socio-ecological contexts of biodiversity loss and
ecosystem functioning. There is a clear imperative to understand detrimental effects on



46 American Journal of Biodiversity Volume: 2 | Number: 9 (2025) Sep

ecosystems, their associated services, and subsequently human well-being. Biodiversity acts on
the climate through biogeochemical cycles and energy exchanges and determines the capacity of
ecosystems to support human needs. Climate on the other hand controls the local state of
biodiversity primarily: through both spatial-temporal variations in environmental parameters,
such as temperature and precipitation, and also through the development of more-integrated
stressful conditions, such as intensified precipitation and droughts, wildfires, storms, and
heatwaves. Intensification of these phenomena under climate change leads to rapid decrease of
biodiversity which would consequently affect ecosystems and eventually protect human
beneficiaries in all continents [4].

Species exist to an environmental space defined by an upper and lower thermal limit and a
precipitation envelope, allowing categorization of bioclimatic niches of species to evaluate
differential vulnerabilities. Climate change leads to a shift in local environmental parameters
defining a new environment. Species present within the previously described bioclimatic space
of the new environment were considered as persistent and the rest of the others that were outside
this envelope as vulnerable, irrespectively of the mechanisms (physiological, spatial, adaptive,
behavioural, etc.). Biodiversity loss jeopardizes the delivery of vital ecosystem services,
profoundly impacting human societies by eroding key components of nature that contribute to
human well-being, eroding biodiversity, affecting the components of ecosystem functioning to
which it relates, and threatens the continued provision of humanity’s vital needs.

2.2. Impact of Climate Change on Species

Climate change represents a complex challenge requiring approaches that span disciplines from
the life sciences and chemistry to environmental sciences and engineering. Global warming
impacts biodiversity, ecosystem services and human well-being [6]. Climate change
vulnerability assessments indicate that a species’ exposure and sensitivity are mediated by its
biological characteristics. This underscores the importance of protection strategies that focus on
key species [7]. For conservation frameworks to succeed they must not only enhance the
adaptive capacity of individuals, populations, species but also ecosystems that provide critical
services [8].

Compounding these vulnerabilities are requirements to reduce greenhouse gas emissions, end
deforestation and adopt effective alternatives to fossil fuels. Consequently, a wide array of
engineering disciplines must be mobilized immediately. International policy documents
increasingly therefore emphasize interdisciplinary projects, programmes and institutions as a
priority for mitigation and related activities.

3. Chemical Processes in the Environment

Carbon dioxide, methane, ozone and nitrous oxide are chemical species that present significant
environmental hazards [9]. They are distinguishable from other hazardous species by the
characteristics that they exert a radiative forcing on the climate. Either by absorbing or scattering
incident solar radiation or re-radiating charted thermal energy, these chemical species impact the
optical properties of the atmosphere and are a direct cause of climate change. Mitigation of these
chemical hazards involves understanding their origins and the techniques available to limit their
production or impact.

The initial emission of these gas species can be viewed as a chemical problem. The chemical
composition of fossil fuels, the pathways of biochemical cycles and the principles of oxidation
all impact the rate and magnitude of the atmospheric release of these dangerous substances.
Exhaustive investigation of the chemistry of local ecosystems and the properties of fuel sources
provides additional solutions and prevents unintended consequences. The emissions generated by
these processes impact the gaseous composition of the atmosphere and subsequently influence
the path of information transfer to the climate system and biosphere. The scientists responsible
for designing measures with the goal of reducing greenhouse gases released into the atmosphere
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must also monitor the consequences of their actions in regard to the subsequent impact on
biological, organic and anorganic chemical processes.

The process by which the climate system regulates itself in response to the presence of these
chemical species may be similarly perceived as chemical in nature. These chemicals interact
with radiation either absorbed or emitted by the Earth’s surface on a variety of length-scales
ranging from point source/time to planetary trajectory/geologic time. The impact of additional
quantities of these gaseous species on the chemical evolution of other existing species is
unknown, though it undoubtedly alters the atmospheric composition. Climate response must
therefore be determined based on the total effect of radiative processes within the atmosphere
and its dependence on chemical components. Radiative transfer calculations could provide a
solution for this modelling task and would involve the procedures of spectral line-by-line or
correlated-k analysis. [10][11][12]

3.1. Greenhouse Gases and Their Sources

Greenhouse gases and their sources. The Earth's environment is interwoven with living species.
Owing to population growth, industrialization, and urbanization, greenhouse gas (GHG)
emissions have increased continuously. About 83% of atmospheric GHGs originate from human
activities and 59% originate from industry [13]. These increases in GHGs have elevated
atmospheric concentration, triggering rising atmospheric temperatures and consequent climate
change. Natural disasters, rising sea levels, and acidification threaten ecosystem sustainability
and biodiversity. Increasing UV radiation adversely impacts human health, causing skin
diseases, and numerous species face extinction daily due to global warming. Carbon capture and
storage (CCS) techniques could potentially reduce about 20% of CO emissions by 2050.
Chemical desulfurization processes aim to decrease sulphur dioxide levels. Despite these efforts,
anthropogenic emissions contribute to ongoing deforestation, diminishing forest cover
worldwide. Greenbelts are considered an effective means of absorbing COand mitigating GHG
concentrations.

3.2. Chemical Reactions in Climate Regulation

The chemical reactions that occur in the atmosphere, hydrosphere, and biosphere regulate the
climate by altering the concentrations of greenhouse gases and aerosols. Changes in the
abundance of these forcing agents lead to climate warming or cooling. The six compounds listed
at the top of Table 3.1 are the most important direct anthropogenic greenhouse gases. All are
radiatively active and they have long enough lifetimes to be well mixed throughout the
atmosphere; alternatively, they can be emitted in sufficient quantities that the equilibrium
abundance in the atmosphere becomes significant. Other compounds with lifetimes longer than
10 years, such as C2H6 and CH3CCI3, have atmospheric concentrations too small to contribute
more than a few per cent to the overall greenhouse radiative forcing. Short-lived compounds
such as CH3CI, and those with concentrations too low to make a climate impact such as CCl4,
have also been listed due to their role in ozone depletion. [14][15][16]

4. Environmental Sciences: Understanding the Systems

Climate change is triggered by a cascade of chemical and physical events and is mitigated
through a suite of engineered processes. Addressing the complex scientific issues contributing to
these concerns requires coordinated approaches drawn from life sciences, chemistry,
environmental science, and engineering. An assessment of the roles of these disciplines in
addressing climate change and protecting ecosystems is therefore warranted.

Climate change presents an environmental challenge that affects human health, ecological
systems, and the built environment. Two broad issues deserve particular attention: (a) the
response of ecological systems to climate forcing and (b) the development of infrastructure to
support a cleaner, safer energy economy.
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Life-science tools and approaches can be employed to examine the ecological impacts of climate
change and the benefits and costs of possible interventions. Model-based estimates of climate
change suggest that increased atmospheric concentrations of carbon dioxide, methane, and other
gases will cause average global temperatures and precipitation rates to increase during the
twenty-first century. As average global temperatures rise, precipitation patterns will shift,
accompanied by increases in extreme weather events. Climate models also suggest that necessary
increases in the use of conventional and unconventional energy sources will cause localized
changes in air and water quality [17]. Such estimates can be used to examine specific ecological
concerns, e.g., altered rates of biodiversity loss.

Scientific insights must be combined with societal values to formulate policies that effectively
address climate change. The global scope of the problem can result in mismatches between the
time when a problem is recognized and action is taken. Integrated science and policy research
should therefore focus on strengthening both the knowledge base and the decision-making
framework. The relative rates at which scientific understanding develops and policy responses
emerge must also be considered.

Coherent analyses of climate-change impacts and effective mitigation require integrated,
multidisciplinary frameworks capable of considering the full breadth of potential outcomes and
implications. A systems-approach framework can therefore contribute significantly to efforts to
protect and sustain the environment.

4.1. Climate Models and Predictions

Climate change challenges issues such as water scarcity, biodiversity loss, and enhanced global
warming. Refined policy, governance, and mitigation strategies require an increasingly
integrative approach grounded in the life sciences, chemistry, environmental sciences, and
engineering. Relevant breakthroughs demonstrate how enhanced mechanistic understanding,
effective solutions, and inclusive, equitable action paths advance integrative progress. Climate
models and scenario generators quantitatively assess the impacts of greenhouse gases and
aerosols on global and regional climate [18]. Researchers use an increasing set of global climate
models to generate future scenarios that evaluate the consequences of different levels and
pathways of these emissions. Assessment of climate impacts and development of adaptation
strategies employ information from a range of data sources including climate models and
observational datasets.

4.2. Impact Assessments and Adaptation Strategies

Environmental science informs science-based adjustment to and planning for climate change.
Climate models simulate global and regional climate properties with increasing reliability [19].
Studies confirm that severe impacts are unavoidable under all plausible future emission
pathways including those consistent with the Paris Agreement limit of 2 °C global warming,
earlier than was previously anticipated. Projected impacts vary substantially with global and
regional warming levels, with ecosystems affected by only 1 °C anthropogenic warming. Models
thereby generate information on the potential magnitude and distribution of climate-change-
related risks and their relationships to development and adaptation pathways. Risk assessments
synthesize physical, ecological, social, and economic drivers along complex cause—effect chains
and provide information for adaptation planning and development of sustainable pathways.
Options for societies to adjust to climate change include diverse measures to protect,
accommodate, and retreat; enhance resilience and ecosystem services; and foster transformation.
Adaptation can support sustainable development futures, but it can also present yet further
challenges to these futures if, for example, it is pursued only within sectoral silos or if short-
term adaptations adversely affect the capacity for longer-term transformations.

5. Environmental Engineering Solutions

There is growing interest in “eco-engineering” solutions that integrate science, design, and
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policy to reduce disaster risk and enhance resilience [20]. Infrastructure built to “nature-based”
specifications can mimic the biophysical attributes of natural buffers, improve ecosystem health,
and yield ancillary social benefits, and such approaches are considered a critical component of
climate change adaptation [9]. One priority outcome was the identification of salt marsh
advancement zones and green infrastructure installation projects to help reduce the exposure of
disadvantaged populations. Subsequently installed stormwater gardens have served as pilots
exportable to other neighborhoods. To identify suitable locations for additional eco-engineering
applications, a neighborhood screening tool was developed: Eco-Urban Assessment. The
intersection or aggregation of variables helped prioritize neighborhoods with the highest risk and
greatest need for eco-engineering interventions. The coupling of this tool with community
engagement supported neighborhood-scale eco-engineering activities including urban tree
canopy enhancement and bioswales near high-use amenities. Urban centers require targeted
applications within a regional planning framework to ensure comprehensive resilience.
Simultaneously, a Regional Framework for Coastal Resilience was initiated to amplify local
resilience actions and design regionally significant eco-engineering projects. These designs
address current flooding and sea-level rise impacts on critical infrastructure, utilizing existing
parcels and integrating flood diversion structures with eco-engineering on undeveloped areas.
Restoring ecosystems and enhancing public amenities through these designs achieves a resilient
approach crucial for eco-engineering advancement. Coupling this with community engagement
is vital for implementing eco-engineering projects across local and regional scales.

5.1. Sustainable Infrastructure Design

The design of infrastructure systems emphasizes economic development, environmental quality,
and energy efficiency, focusing on urban life-cycle scenarios [21]. Streets designed as eco-
avenues incorporate green infrastructure and facilitate the integration of cultural and commercial
activities. Green infrastructure elements provide urban systems with additional functions and
deliver ecosystem services that benefit social, economic, and environmental spheres [20]. Urban
open spaces should be structurally and functionally integrated as a system of green and blue
infrastructure, distributed at various spatial scales to create interconnected corridors and zoning
areas. Such systems enable the management of diverse flooding concerning magnitude, location,
and event quantity. The establishment of an urban-design toolkit for climate-change adaptation
links built-form elements with green infrastructure, embedding urban design within an ecological
paradigm that prioritizes resilience, comfort, resource efficiency, conservation, and biodiversity.

The protection and maintenance of connectivity between green and blue spaces are essential
principles of the proposed strategy. While riverine areas mitigate flood impacts, a combination of
open green spaces and avenues can be utilized to convert floodwaters into usable water
resources. Eco-avenues connect public facilities—such as schools, sports centers, hospitals, and
shopping centers—with housing and urban centers, forming the foundation for city-regional
development. Evaluating infrastructure systems through a sustainable lens is crucial for
informing future urban planning strategies capable of addressing evolving urban challenges.

5.2. Waste Management and Pollution Control

Solid waste management and pollution control represent integral components of strategies to
reduce emissions and mitigate climate change effects. Landfills are significant point sources of
greenhouse gases, particularly CO2 and CH4; reductions in municipal solid waste (MSW)
landfilling can significantly decrease such emissions [22]. Measures like waste prevention, reuse,
recycling, and composting diminish landfill requirements, conserve energy, and lower carbon
emissions, contributing to climate-change mitigation. The waste system currently accounts for
about 5% of global greenhouse-gas emissions; of these, over 60% originate from MSW landfills.
Implementation of waste management and pollution-control policies, regulations, and guidelines
strengthens environmental-protection efforts; however, compliance with such standards remains
a major challenge in many developing countries and emerging economies [23]. Informed
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management practices can thus reduce environmental pollution while protecting the public and
conserving natural resources.

As waste generations and complexity increase with population, urbanization, and affluence,
evolving waste-management systems face challenges. The neo-liberal paradigm influences
waste-management policies that favor economic growth and liberalization, further complicating
these systems. Local decisions to develop waste-management facilities often give rise to
environmental-justice issues, environmental degradation, water-, soil- and air-pollution, habitat
loss, and biodiversity decline, and such effects frequently extend well beyond local boundaries.
Policies promoting accelerated industrialization and globalization exacerbate urban air-pollution
and cause global-warming acceleration. These challenges call for significant reassessment of
existing waste-management frameworks.

On the technological side, the quest for cost-effective strategies to reduce energy-related CO2
emissions must accompany mitigation in this sector. An examination of techniques to reduce
energy-related CO2 emissions in Germany by 2005 identified three strategies: (1) energy
conservation; (2) nuclear phase-out combined with increased renewable-energy technologies;
and (3) an integrated least-cost portfolio of reduction measures. All three were capable of
achieving economically sustainable emissions reductions—potentially as high as 30% relative to
the 1990 base year—with the least-cost scenario not requiring net extra investment. Energy
conservation is recognized as the key element of a least-cost CO2-reduction strategy. Given that
coal-fired power plants are responsible for a major share of German CO2 emissions, their early
substitution by low-carbon technologies (principally nuclear power) is an effective way to limit
total energy-related CO2 emissions. Controlling such emissions and air pollution, however,
constitutes a major challenge for environmental policymakers; measures must be both adaptive
and preventative to avoid unmanageable future problems. Maximizing emission reductions,
despite outstanding informational uncertainties, therefore represents a prudent course of action.
Analytical methods, such as cost-effectiveness analysis, can play an important role in the design
of efficient emission-control policies, which must consider their impacts on the domestic
economy, international trade, and energy prices [24].

6. Integrating Disciplines for Effective Solutions

To effectively make progress on these urgent problems, communities of scientists, government
officials, private businesses, and citizens must combine expertise from the life sciences,
chemistry, environmental sciences, and engineering. For example, conservation of species and
ecosystems in a changing climate requires an understanding of both the life sciences and
chemistry [25]. Similarly, environmental engineers cannot design the infrastructure to support
rapidly growing cities in arid, desert regions without knowledge of climate and the environment.
Emerging technologies provide promising new approaches for mitigating the effects of climate
change, yet they require multi-disciplinary teams to identify the best strategies and technologies
[26]. Communities of collaborators are already working together to develop the design criteria
for these teams and the new framework to guide their research activities.

6.1. Collaborative Research Approaches

Addressing climate change and maintaining ecosystem functions require the concerted efforts of
life sciences, chemistry, environmental sciences and engineering. Environmental research must
be conducted from each discipline’s perspective, as these fields provide essential information on:
(1) the extent of climate change, (2) its effects on biodiversity and ecosystem services, (3) the
sources of pollution causing climate change and damage to biodiversity and ecosystem services,
and (4) possible engineering solutions to mitigate the effects of pollution. Well-planned
environmental research successfully contributes to the development of new technologies and
sustainable growth.

Research by life scientists is addressing the question How does climate change affect
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biodiversity and ecosystem services? These questions appear easier to answer, because, in
principle, interactions between temperature, precipitation, wind strength and biodiversity can be
determined through field or laboratory experiments. Chemical processes regulating climate
represent the research question How do chemical and physical processes regulate the climate?
CLIMATE is an acronym for the four most important greenhouse gases, carbon dioxide (C),
methane (L), nitrous oxide (I) and fluorinated gases (M, A and T). Environmental scientists are
asking How well can these processes be represented by current climate models? What is the
projected contribution of each gas to climate change? Have the models captured the climatic
influence of particulate pollutants adequately? From an environmental engineering perspective,
the key questions concern the extent to which future airports can be designed to be
environmentally friendly, and how rail roads and shipping routes can be made more energy
efficient. Can the damage to the atmosphere caused by airports be limited? Can emerging
economies like India and China be persuaded to adopt fuel-efficient technologies? [27][28][29]

6.2. Case Studies of Successful Integration

The integration of multiple scientific disciplines—namely, the life sciences, chemistry,
environmental sciences, and engineering—defines many of today’s most promising responses to
changing global conditions. Climate change, a major threat to human well-being, and the
protection of ecosystems and ecosystem services, essential to human health, demand some of the
most urgent and obvious examples of progress forged through interdisciplinary collaboration.
The combination of expertise in these four fields supports a broadly defined framework for
mitigation strategies that, when effectively applied, slows the pace of climate change while also
protecting the ecosystems on which people depend. Case studies from several projects by
multinational groups of climate scientists illustrate the systemic strength of this strategy and
emphasize the global need for the approach. A similar framework, applied previously in the
handling of the ozone depletion challenge, also demonstrates the efficacy of the integrative
approach [30].

7. Technological Innovations in Climate Mitigation

Technological innovations represent a pivotal component in the multifaceted effort to mitigate
greenhouse gas emissions and safeguard ecosystems. The development and implementation of
renewable energy technologies, including wind, solar, and biofuels, have led to a substantial
expansion of low-carbon power systems, with opportunities for further growth in efficiency and
scalability. Carbon capture techniques comprise a highly diverse suite of methods to extract CO2
from both diffuse sources, such as air, and concentrated outputs, such as power generation and
industrial activities. Modeling indicates that widespread deployment could achieve sequestration
of 10-20 gigatonnes of CO2 annually by 2050, doubling the anticipated reductions from energy
efficiency and renewables. Although institutional and socioeconomic factors may constrain
adoption, technological advancements alone could significantly support ambitious climate-
mitigation goals [9].

7.1. Renewable Energy Technologies

To avoid the increasingly dire ecological consequences of climate change, carbon emissions
must be eliminated and vegetation must be conserved whenever possible. Many strategies can be
usefully combined toward these aims. Multidisciplinary collaborations across the physical,
chemical, biological, and engineering sciences can accelerate the development of practical
solutions for climate change mitigation and ecosystem resilience. These integrative approaches
promise to sustain local and global ecosystems and maintain the Earth for future generations.

Energy policy aims to meet existing energy demand in a sustainable manner while also
enhancing energy conservation and efficiency. In the United Kingdom (UK), 80 per cent of
greenhouse gas emissions must be reduced by 2050, and biodiversity loss must be significantly
curbed. Analysis of renewable energy options by risk to biodiversity highlights low-risk
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technologies such as rooftop solar thermal and photovoltaic panels, and heat pumps. Because the
overall impact of each technology varies with location, scale, frequency, and duration of
deployment, siting, design, and innovation are critical factors in the widespread application of
renewable energy systems that conform to ecological limits [31].

7.2. Carbon Capture and Storage

Although long-term carbon capture and storage (CCS) is a viable strategy to mitigate rising
atmospheric CO2 and climate change impacts, technological implementation of CCS is minimal;
consequently, cost-effective and publicly supported natural carbon sinks remain of vital
importance. Coastal ecosystems represent an area of scientific interest with regard to natural
CCS because seagrasses, salt marshes and mangroves have been identified as significant global
carbon sinks, yet the global strategy of utilising this capacity for mitigation purposes has been
largely overlooked. Furthermore, these habitats are vulnerable to environmental degradation,
with seagrass, salt marsh and mangrove systems experiencing 30-50% losses over the last
century. Although restoration of lost habitats would result in improved capacity for natural CCS,
significant increases in the rate and extent of restoration are required to facilitate a measureable
impact on long-term carbon storage. Hence at present natural carbon sinks do not provide an
effective substitute for technological CCS [32].

The acceptability and feasibility of large-scale land-based mitigation projects are largely
dependent on their potential side effects on ecosystem functions and services. Projections of
future land use and land cover for four land-based mitigation options derived from the integrated
assessment models IMAGE and MAQPIE were evaluated by means of the global dynamic
vegetation model LPJ-GUESS. Carbon removal was achieved through growth of bioenergy
crops combined with CCS; avoided deforestation; afforestation; or a combination of avoided
deforestation and afforestation. Cumulative carbon storage by 2099 ranges between 55 and 89
GtC. The considered ecosystem service indicators respond heterogeneously to land-based
mitigation, and there is large regional variability in their response. Avoided deforestation and
afforestation induce local-scale increases in evapotranspiration, enhanced emissions of biogenic
volatile organic compounds and decreases in albedo, runoff and nitrogen leaching. Crop
production may decline in the afforestation scenarios either because of decreases in crop area, if
yield increases do not materialize, or because of direct competition with bioenergy crops in the
scenarios combining afforestation with bioenergy. The effects of large-scale CO2 removal on
additional ecosystem services are often overlooked and can lead to substantial pressures on food
production and natural ecosystems, as well as altering surface albedo and consequently
modifying local climate [33].

7.2 Carbon Capture and Storage

Carbon capture and storage (CCS) is emerging as an important element in the portfolio of
technologies for climate-change mitigation. Detailed geophysical modelling and geological
assessments by the Carbon Sequestration Leadership Forum indicate a potential to store 2,000
GtC worldwide in saline formations at less than US$10 tC1. Preliminary integrated CCS
modelling scenarios have been developed to assist in identifying scenarios that are both policy-
relevant and focus on the key uncertainty of CCS roll-out rates and capacity across different
regions. Analysis suggests that to be sufficiently widespread, capture and geological storage
requires policy to support it, either through a carbon price that induces capture downstream of
power stations or through specific incentives. Widespread policy support generates potential
markets for decades of injection likely to go beyond 2050. Carbon budget analyses show that in
the near term, capture and storage can be substituted with biomass options. This flexibility helps
reduce the cost of a limited carbon budget. In the longer term, however, these options may
become saturated due to geological, hydrological or land-use constraints, and if a low carbon
world is still sought beyond 2060, CCS is likely to be required. CCS can also play a role in
decarbonising electricity generation, defossilising fossil fuel use or industrial heat, and in
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providing low carbon feedstocks. [34][35][36]
8. Policy Frameworks and Climate Action

Many of the major climate issues related to increase in the atmospheric concentrations of carbon
dioxide, methane, and nitrous oxide gases are identified and explained based on their sources and
impacts on the ecosystem and biological biodiversity. The goals and objectives of the approaches
for climate change mitigation and ecosystem protection by the life sciences and chemistry in the
context of climate change regulation of the atmosphere are briefly discussed. The key climate
change issues focused on in the research carried out in the Environmental Sciences and
Engineering Departments relate to the impact of the changes in the chemical composition of the
atmosphere on the ecosystem and how the ecosystem is affected. The impacts include: (1)
changes in the levels of micro- and macro-nutrients, temperature, moisture, and salinity of the
atmosphere and oceans; (2) changes in the phenology and ecosystem services (food, shelter, and
natural enemy release) of plants and animals; (3) decrease in the ability of plants and animals to
adapt to changing climatic conditions, causing high vulnerability of a particular species and
corresponding changes in biodiversity; (4) decrease in plant productivity due to biotic and abiotic
stresses and recent global increase in species extinctions; (5) impacts of natural and man-made
disturbances related to high variability in atmospheric rises;

In many of the other departments, the emphasis is on the origin and physical and chemical
processes involved in the production of greenhouse gases, ozone layer depletion, wastes, and
solids from various energy-producing industrial plants, and their effect on climate and weather.
However, the ultimate purpose is climate change mitigation and pollution control. [37][38][39]

8.1. International Agreements and Protocols

The 1992 United Nations Framework Convention on Climate Change (UNFCCC) was historic in
addressing the rise of anthropogenic carbon dioxide concentrations. Following it, the Kyoto
Protocol (1997) put into operation legal binding targets on developed countries to reduce their
greenhouse gas emissions, which were later enhanced by the Marrakech Accords (2001). The
Copenhagen Accord (2009) recognized climate change as a common danger and called for
mitigation and support to developing countries. The 2015 Paris Agreement seeks to keep the
global average temperature below 2C. To stabilize the climate, three specific policies are
essential: implementing carbon pricing, curbing deforestation, and investing in research and
development [40]. These activities require the cooperation of both the private and public sectors
and the involvement of civil society and non-governmental institutions. Due to the critical role of
investments and the costs involved in developing mitigation technologies, the study of how
socioeconomic drivers influence cooperation has become a focus of recent research [41].

8.2. Local and National Policy Initiatives

Local and national policymakers are adopting various initiatives to curb emissions, safeguard
ecosystems, and promote low-carbon land use. The Green Building Council’s LEED system has
been supplemented with LEED Neighborhood Design, which incorporates project location to
avoid wetlands, watercourses, and prime agricultural land. Adaptation efforts increasingly
concentrate on protecting public health. Local action on developments that mitigate climate
change generates additional environmental benefits and assists communities in adapting.
Strategies for managing climate change based on a sound local foundation capitalize on local
governments’ legal authority and the commitment of local citizens to solve environmental
problems. State and federal governments need to recalibrate policies to maximize grassroots
partnerships and facilitate effective climate change management [42]. Innovative and inclusive
arrangements in climate governance are necessary to coordinate interactions across levels and
sectors, creating a more equitable playing field, reducing central policy dominance, and
increasing access for local actors. The integration of climate policies across land use, agriculture,
forestry, and other sectors can address mitigation and adaptation simultaneously. Analyses of
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policy documents from Brazil, Indonesia, and Peru reveal opportunities and trade-offs in
combining mitigation and adaptation strategies. Strengthening multi-level governance can
improve climate change policy networks and better align policies with broader sustainability
goals [30].

9. Community Engagement and Education

Addressing global environmental challenges requires fostering awareness and a deep
understanding of scientific, technological, social, and cultural dimensions. Climate change
education enables individuals to anticipate consequences and make informed decisions. Climate
change and its impacts present a set of wicked problems: complex, unpredictable, and
interconnected. Moreover, the specific effects of climate change vary dramatically by
community and geography, necessitating education that is deeply rooted in local contexts [43].
Community engagement and education, therefore, are imperative for effective climate
mitigation. Public confidence in policy measures will rise with better comprehension of the
consequences of inaction. Communities equipped with a comprehensive understanding of
climate change are better positioned to implement socially appropriate strategies.

9.1. Raising Awareness about Climate Issues

Tackling the multifaceted challenges of climate change demands a multidisciplinary approach
integrating the life sciences, chemistry, environmental sciences, and environmental engineering.
Together, these fields can provide a comprehensive understanding of the issue and offer tools for
the development of suitable mitigation strategies and the protection of biological communities.
Specifically, the natural sciences offer a clear scientific assessment of the extent and impact of
climate change; at the same time, technical developments promise mitigation options for longer-
term climate protection. The life sciences focus on the relationship between biodiversity,
ecosystem services, and climate change. Ecosystem conditions are both highly sensitive
indicators of climate change and vital for climate regulation. The chemical aspects of climate
change encompass the composition and functioning of the global chemical system, the origin of
greenhouse gases, and the regulation of climate. Owing to their high persistence and the long life
cycles of chemical substances in the environment, many of the associated impacts may still
manifest in the distant future.

Climate models of varying complexity allow for detailed predictions, but comprehensive
knowledge about impacts, sensitivities, and the development of adaptive measures is still
lacking. Environmental engineering strategies include the design and creation of sustainable
human-made habitats and the prevention and control of pollutants using technical means.
Climate change will affect these areas, and developments in these disciplines will be crucial in
combating climate change. Technological strategies for climate protection have the potential to
slow down climate change and thus delay its most severe consequences and allow for more time
to prepare for the inevitable changes that greenhouse gas emissions in the past and present will
trigger. Climate protection is pursued at all levels, from multilateral and supranational
agreements to local regulations aimed at curbing greenhouse gas emissions. [44][45]

9.2. Empowering Local Communities

Communities are decisive actors in natural resource management. When empowered to share in
decisions, they become the most effective stewards at forest management and protection [46].
Community participation constitutes a major factor in the success or failure of natural resource
protection. Empowering local communities through targeted measures, aligned with their needs
and abilities, consequently improves participation and produces the enduring and equitable
sharing of benefits. Forestry legislation in Indonesia, for instance, directs that forest resources be
managed for the greatest prosperity of the people while conserving the environment.
Government regulations assign the public at large as major beneficiary and the authorities at
every level as the executors. Ignorance of local attitudes or capabilities impedes the design of
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such measures and introduces the risk of dysfunction when using top-down modes.

Unprecedented problems borne of climate change—sea-level rise, global warming, extreme
weather, and more—threaten to disrupt the delicate balance of coastal socioecosystems by
impairing ecosystem function, food security, and vital-water resources [47]. A successful
response first requires the effective and timely communication of scientific findings to those
affected, a task for which professional managers stand as crucial and receptive intermediaries.
Abetted by education, communities undergoing change thus develop an adaptive capacity on par
with the challenge. The dynamic participation of local inhabitants through community-based
approaches constitutes a vital instrument toward the mitigation of such environmental threats.
These programs have additionally proved effective in forest conservation and related positive
environmental outcomes.

Low carbon land use projects that mitigate climate change churn additional environmental
benefits, many of which remain among the most effective strategies for creating resilient
developments and neighbourhoods [42]. Local actions accordingly ease the adaptation of
affected populations. States and municipalities, trumpeted for their considerable legal power and
the demonstrated public commitment they command, stand uniquely well-positioned to deal with
such on-the-ground problems. For those inclined, a grand itinerary through climate-sensitive
developments worldwide—each responding to regional priorities—offers remarkable values of
repetition and unity in the face of profound diversity. These discrete efforts collectively assemble
into a pattern whose sweep and power defy the comprehension of any single instance.

10. Future Directions in Climate Research
Future Directions in Climate Research

Identification of emerging scientific trends impacting climate change mitigation and ecosystem
protection provides opportunities for an integrative research agenda. Large uncertainties remain
in physical and biogeochemical systems, especially regarding planetary-scale feedbacks, extreme
events, and carbon-cycle feedbacks. The advancement of a quantitative understanding of Earth-
system processes, Earth system modelling, and integrated assessments will help scientists,
engineers, and policymakers to re-examine current mitigation and adaptation strategies. An
integrative research agenda must address these issues by exploiting recent advances across the
climate system, including billennial- and millennial-scale circulation changes, ocean circulation
dynamics, land-surface heterogeneity, climate extremes, cloud radiative forcing and aerosol
effects, atmospheric chemistry, biogeochemical coupling, interannual to seasonal prediction,
ocean-atmosphere interactions, regional change, and impacts and integrated assessments.
Linking climate with ecological and biogeochemical systems is particularly challenging but
heuristically vital. Advances also highlight the need for basic research in chemical dynamics
regarding aid for climate mitigation and ecosystem protection.

The integration of disciplines can help to develop and support further national and international
efforts such as the International Geosphere-Biosphere Programme and the International Human
Dimensions Programme on Global Environmental Change. Research at the intersection of
climate change mitigation and ecosystem protection could create effective mitigation and
adaptation strategies that maintain structure and function of climate and ecosystems. Any future
strategy must recognise the individuality of particular places and specific endangered systems,
thereby emphasizing multi-scale analyses to translate broad spatial and political concerns into
manageable scales for on-the-ground preservation. Large uncertainties remain in biogeochemical
processes and the response of natural and managed ecosystems; yet an event-specific approach
within these interdisciplinary frameworks should lead to better observability of consequential
perturbations, which will allow design of robust programs for the preservation of global and
regional ecosystem. Progress might be best accomplished in the context of two complementary
research initiatives: one devoted to Earth system observability and predictability and the other
engaged in cross-disciplinary investigations of the multiple roles of disturbances in modulating
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the structure, behaviour, and resilience of global and regional ecosystems [5].
10.1. Emerging Trends in Climate Science

Some interesting emerging trends have been identified in climate science [5]. Climate science
encompasses studies of the long-term behavior of the climate system, in which the use of large-
scale climate models plays a central role. Such studies tend to focus on changes of climate
phenomena on decadal or longer time scales. Research, development and demonstration efforts
continue to play a pivotal role in national and international energy policy [48].

10.2. Interdisciplinary Research Opportunities

Emerging and future opportunities for advancing integrative mitigation efforts emphasize the
reliance on all four disciplines—life sciences, chemistry, environmental sciences, and
engineering—that previously underpinned analyses of complex systems and supported
mitigation strategies at regional to global scales [49].

Ongoing scientific progress has driven a shift from multidisciplinary and interdisciplinary
collaborations towards transdisciplinary research initiatives. Transdisciplinary efforts seek to
tackle more complex problems by transcending the boundaries of individual disciplines. A core
challenge entails navigating often contradictory philosophical and epistemological frameworks.
Consequently, harmonizing natural system and societal priorities while steering visions from
divergent disciplines through emergent collaborative networks remains a critical frontier, just as
was the case in Amazon and Antarctic environments [50].

11. Challenges and Limitations

The application of life sciences, chemistry, environmental sciences, and environmental
engineering in tackling climate change and protecting water and ecosystems confronts numerous
challenges. Limitations arise from geographic locations, political contexts, international
investment conditions, and broader social and economic constraints.

In life sciences, uncertainties in assessing climate change impacts on biodiversity derive from
data paucity, variable assessment criteria, species identifiers, and modeling techniques. The
chemical dimension of climate change is shaped by human perceptions. Environmental sciences
face difficulties in determining optimal distribution models for climate projections, balancing
comprehensive spatial coverage against regional accuracy. Environmental engineering is
hindered by inadequate public awareness and governmental support related to infrastructure.
These challenges underscore the need for greater community engagement in mitigating climate
change and safeguarding environmental and biological systems.

11.1. Barriers to Implementation

Implementation of climate change mitigation strategies faces numerous barriers [51]. Challenges
include difficulties in utilizing climate projections for decision-making; insufficient financial and
technical resources; fragmented and inconsistent decision-making across sectors, regions, and
levels of government; institutional inertia; lack of leadership within institutions; and divergent
risk perceptions, values, and beliefs. These barriers hinder transformational adaptations
necessary for building long-term resilience and differ from physical or ecological limitations
such as species’ physiological tolerance to climatic shifts.

Barriers related to understanding how climate change interacts with complex social, ecological,
and political dynamics are particularly significant. Even when managers acknowledge climate
change as a threat, uncertainty about appropriate actions often prevents response. The effects of
individual barriers are interrelated and exert a cumulative influence on adaptation efforts [52].
Nonetheless, opportunities exist that facilitate action: government funding, interorganizational
collaboration, and leadership emerge as influential enablers. Collaboration allows practitioners to
address impacts that cannot be mitigated independently, enables coordination across extensive
landscapes, and overcomes resource deficiencies through the sharing of expertise and supplies.
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Political and organizational leadership within advocacy groups, cooperatives, and management
institutions critically supports adaptation progress.

11.2. Scientific Uncertainties and Public Perception

Although public panel discussions [53] and public statements by the United Nations and the
American Association for the Advancement of Science confirm that climate change is a
widespread concern, many fundamental issues remain scientifically unclear and politically
controversial. A multidisciplinary approach that integrates the results of life sciences, chemistry,
environmental sciences and engineering is developed for climate-change mitigation and for the
protection of natural ecosystems.

Public discussion on constructive climate-change mitigation and adaptation is largely shaped by
two broad principles. One advocates reduction of greenhouse-gas emissions that have been
growing in number in the atmosphere. The other insists upon the protection of sustainable natural
ecosystems that provide amenity and ecosystem services to life. Although these issues are
fundamentally different, they are not contradictory and can be addressed simultaneously.

12. Conclusion

Scientific evidence demonstrates that actions to slow biodiversity loss and address climate
change are linked through underlying ecological and biogeochemical mechanisms. Sustainable
development therefore requires the promotion of integrated, climate-sensitive biodiversity
conservation by local and regional authorities, aligned with commitments made at the global
level.

The mitigation of anthropogenic perturbations of the Earth system is an exceedingly complex
task, one to which numerous different disciplines can contribute simultaneously and in a
multitude of ways. In this context, an integrative approach is proposed, founded upon the
synergy of four fundamental research fields: life sciences, chemistry, environmental sciences,
and engineering, along with a variety of other complementary disciplines. The combined
knowledge framework established by these fields provides a solid scientific and technological
foundation that is essential for a well-coordinated strategy. This strategy aims to effectively
harness disturbances while simultaneously preserving the unperturbed multi-scale ordinary
functioning of both natural and human environments. By leveraging the diverse insights from
these interconnected fields, we can enhance our understanding and develop more effective
strategies for addressing the challenges posed by human-induced changes to our planet.

References:

1. M. Siddik, M. Islam, A. Zaman, "Current status and correlation of fossil fuels consumption
and greenhouse gas emissions,” Int. J. Energy Environ. Econ, vol. 2021. researchgate.net

2. M. Filonchyk, M. P. Peterson, and L. Zhang, "Greenhouse gases emissions and global
climate change: Examining the influence of CO2, CH4, and N20," The Total Environment,
2024. [HTML]

3. L. Jeffry, M. Y. Ong, S. Nomanbhay, M. Mofijur, and M. Mubashir, "Greenhouse gases
utilization: A review," Fuel, vol. 2021, Elsevier. [HTML]

4. Y. J. Shin, G. F. Midgley, E. R. M. Archer, A. Arneth et al., "Actions to halt biodiversity
loss generally benefit the climate,” 2022. ncbi.nlm.nih.gov

5. G. Marland, R. A. Pielke, M. Apps, R. Avissar et al., "The climatic impacts of land surface
change and carbon management, and the implications for climate-change mitigation policy,"
2003. [PDF]

6. W. B. Foden, S. H. M. Butchart, S. N. Stuart, J. C. Vie et al., "ldentifying the World's Most
Climate Change Vulnerable Species: A Systematic Trait-Based Assessment of all Birds,
Amphibians and Corals," 2013. [PDF]


https://www.researchgate.net/profile/Md-Siddik-5/publication/357323190_Current_Status_and_Correlation_of_Fossil_Fuels_Consumption_and_Greenhouse_Gas_Emissions/links/635180428d4484154a1be762/Current-Status-and-Correlation-of-Fossil-Fuels-Consumption-and-Greenhouse-Gas-Emissions.pdf
https://www.sciencedirect.com/science/article/pii/S004896972403506X
https://www.sciencedirect.com/science/article/pii/S0016236121008942
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9303674/
https://core.ac.uk/download/14900165.pdf
https://core.ac.uk/download/16261746.pdf

58 American Journal of Biodiversity Volume: 2 | Number: 9 (2025) Sep

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S. M Hagerman and K. MA Chan, "Climate change and biodiversity conservation: impacts,
adaptation strategies and future research directions," 2009. ncbi.nlm.nih.gov

A. Cliquet, C. Backes, J. A. Harris, and P. Howsam, "Adaptation to climate change: legal
challenges for protected areas," 2009. [PDF]

D. F. Cusack, J. Axsen, R. Shwom, L. Hartzell-Nichols et al., "An interdisciplinary
assessment of climate engineering strategies,” 2014. [PDF]

P. Molliere, T. Molyarova, B. Bitsch, et al., "Interpreting the atmospheric composition of
exoplanets: sensitivity to planet formation assumptions," *The Astrophysical Journal*, vol.
2022. iop.org

R. F. Hems, E. G. Schnitzler, C. Liu-Kang, et al., "Aging of atmospheric brown carbon
aerosol,” *ACS Earth and Space Chemistry*, vol. 5, no. 6, pp. 1234-1245, 2021.
escholarship.org

F. Gaillard, M. A. Bouhifd, E. Furi, V. Malavergne, "The diverse planetary
ingassing/outgassing paths produced over billions of years of magmatic activity,” Space
Science, vol. 2021, Springer. hal.science

S. Mandal, M. Sirajul Islam, M. Haider Ali Biswas, and S. Akter, "Modeling the optimal
mitigation of potential impact of climate change on coastal ecosystems,” 2021.
ncbi.nlm.nih.gov

T. Mehmood, M. A. Hassan, X. Li, A. Ashraf, "Mechanism behind sources and sinks of
major anthropogenic greenhouse gases,” in *Climate Change Alleviation for Sustainable
Development*, 2022. [HTML]

H. Ding, T. Liu, Q. Hu, M. Liu et al., "Effect of microbial community structures and

metabolite profile on greenhouse gas emissions in rice varieties," Environmental Pollution,
2022. [HTML]

A. Borbon, P. Dominutti, A. Panopoulou, et al., "Ubiquity of anthropogenic terpenoids in
cities worldwide: Emission ratios, emission quantification and implications for urban
atmospheric chemistry,” Journal of ..., vol. 2023, Wiley Online Library. wiley.com

T. A. Burke, W. E. Cascio, D. L. Costa, K. Deener et al., "Rethinking Environmental
Protection: Meeting the Challenges of a Changing World," 2017. ncbi.nlm.nih.gov

C. B. Wilsey, J. J. Lawler, E. P. Maurer, D. McKenzie et al., "Tools for Assessing Climate
Impacts on Fish and Wildlife," 2013. [PDF]

L. Papadimitriou, I. P. Holman, R. Dunford, and P. A. Harrison, "Trade-offs are unavoidable
in multi-objective adaptation even in a post-Paris Agreement world," 2019. [PDF]

A. W. Whelchel, B. G. Reguero, B. van Wesenbeeck, and F. G. Renaud, "Advancing
disaster risk reduction through the integration of science, design, and policy into eco-
engineering and several global resource frames," 2018. [PDF]

I. Simi¢ and T. Baji¢, "Green and blue spaces: Integral urban design as a toolkit for climate
change adaptation in the case of smaller settlements in VVojvodina Region,” 2013. [PDF]

C. H. Ekanem, H. E. Ekanem, F. D. Eyenaka, and E. A. Isaiah, "Zero Waste: An Innovation
for Less Polluting Emission Processes, Resource Management Practices and Policies,” 2013.
[PDF]

A. Modupe Korinjoh, "A Sustainability Assessment Review Of The Highland Creek
Wastewater Treatment Plant (hctp) Biosolids Management Class Environmental Assessment
(2016): Sustainable Assessment Leverage Points Analysis," 2017. [PDF]


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2920684/
https://core.ac.uk/download/140428.pdf
https://core.ac.uk/download/222883989.pdf
https://iopscience.iop.org/article/10.3847/1538-4357/ac6a56/pdf
https://escholarship.org/content/qt6tn249p1/qt6tn249p1.pdf
https://insu.hal.science/insu-03117324/document
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8264614/
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003106982-8/mechanism-behind-sources-sinks-major-anthropogenic-greenhouse-gases-tariq-mehmood-muhammad-azher-hassan-xinghua-li-anam-ashraf-sadia-rehman-muhammad-bilal-raphael-obodo-beenish-mustafa-mehak-shaz-saira-bibi-awais-shakoor
https://www.sciencedirect.com/science/article/pii/S0269749122005796
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2022JD037566
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332174/
https://core.ac.uk/download/215441931.pdf
https://core.ac.uk/download/227520532.pdf
https://core.ac.uk/download/151395660.pdf
https://core.ac.uk/download/270307504.pdf
https://core.ac.uk/download/228533057.pdf
https://core.ac.uk/download/160283180.pdf

59

American Journal of Biodiversity Volume: 2 | Number: 9 (2025) Sep

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

A. Vo3 and G. Schmid, "Cost-effectiveness analysis of air-pollution control measures,"
1991. [PDF]

C. C. D'Aloia, C. C. D'Aloia, I. Naujokaitis-Lewis, C. Blackford et al., "Coupled Networks
of Permanent Protected Areas and Dynamic Conservation Areas for Biodiversity
Conservation Under Climate Change,” 2019. [PDF]

C. C. (Cassidy C.) D'Aloia, 1. (llona) Naujokaitis-Lewis, C. (Christopher) Blackford, C.
(Cindy) Chu et al., "Coupled networks of permanent protected areas and dynamic
conservation areas for biodiversity conservation under climate change,” 2019. [PDF]

N. Pettorelli, N. A. J. Graham, N. Seddon, et al., "Time to integrate global climate change
and biodiversity science-policy agendas," *Journal of Applied Ecology*, vol. 2021, Wiley
Online Library. wiley.com

G. R. Kattel, "Climate warming in the Himalayas threatens biodiversity, ecosystem
functioning and ecosystem services in the 21st century: is there a better solution?,”
Biodiversity and Conservation, 2022. springer.com

H. O. Portner, R. J. Scholes, J. Agard, E. Archer, et al., "IPBES-IPCC co-sponsored
workshop report on biodiversity and climate change,” IPBES and Academia.edu, 2021.
academia.edu

M. Di Gregorio, E. Kendall, E. Pramova, L. Fatorelli et al., "Connecting the policy dots:
linking adaptation, mitigation and sustainable development for climate-resilient land use
planning,” 2018. [PDF]

B. Gove, L. J. Williams, A. E. Beresford, P. Roddis et al., "Reconciling Biodiversity
Conservation and Widespread Deployment of Renewable Energy Technologies in the UK,"
2016. ncbi.nlm.nih.gov

A. Irving, S. Connell, and B. Russell, "Restoring coastal plants to improve global carbon
storage: Reaping what we sow," 2011. [PDF]

A. Krause, T. A. M. Pugh, A. D. Bayer, J. C. Doelman et al., "Global consequences of
afforestation and bioenergy cultivation on ecosystem service indicators,” 2017. [PDF]

P. Roy, A. K. Mohanty, and M. Misra, "Prospects of carbon capture, utilization and storage
for mitigating climate change," Environmental Science: Advances, 2023. rsc.org

A. I. Osman, M. Hefny, M. I. A. Abdel Maksoud, and others, "Recent advances in carbon
capture storage and utilisation technologies: a review," *Environmental Science and
Pollution Research*, vol. 2021, pp. 1-15, 2021. springer.com

P. Fragkos, "Assessing the role of carbon capture and storage in mitigation pathways of
developing economies,"” Energies, 2021. mdpi.com

Z. Khanam, F. M. Sultana, and F. Mushtag, "Environmental pollution control measures and
strategies: an overview of recent developments,” in *Analytics for Environmental
Pollution*, 2023, Springer. [HTML]

J. Awewomom, F. Dzeble, Y. D. Takyi, and W. B. Ashie, "Addressing global environmental
pollution using environmental control techniques: a focus on environmental policy and
preventive environmental management,” Discover, vol. 2024, Springer. springer.com

K. R. Shivanna, "Climate change and its impact on biodiversity and human welfare,"
Proceedings of the Indian National Science Academy, 2022. springer.com

V. A. Karatayev, V. V. Vasconcelos, A. S. Lafuite, S. A. Levin et al., "A well-timed switch
from local to global agreements accelerates climate change mitigation,” 2020. [PDF]


https://core.ac.uk/download/147539655.pdf
https://core.ac.uk/download/201304515.pdf
https://core.ac.uk/download/223232991.pdf
https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-2664.13985
https://link.springer.com/content/pdf/10.1007/s10531-022-02417-6.pdf
https://www.academia.edu/download/84556558/2021_20IPCC-IPBES_scientific_20outcome_V10_SINGLE.pdf
https://core.ac.uk/download/187770678.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4880438/
https://core.ac.uk/download/12788169.pdf
https://core.ac.uk/download/197504933.pdf
https://pubs.rsc.org/zh-tw/content/articlepdf/2023/va/d2va00236a
https://link.springer.com/content/pdf/10.1007/s10311-020-01133-3.pdf
https://www.mdpi.com/1996-1073/14/7/1879
https://link.springer.com/chapter/10.1007/978-3-031-45300-7_15
https://link.springer.com/content/pdf/10.1007/s44274-024-00033-5.pdf
https://link.springer.com/content/pdf/10.1007/s43538-022-00073-6.pdf
https://arxiv.org/pdf/2007.13238

60

American Journal of Biodiversity Volume: 2 | Number: 9 (2025) Sep

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

L. P. (Lisa) Lukose, "Global Warming and Climate Change: a Critique on International Law
and Policy," 2017. [PDF]

J. R. Nolon, "Low Carbon Land Use: Paris, Pittsburgh, and the IPCC," 2018. [PDF]

F. M. Reimers, "The Role of Universities Building an Ecosystem of Climate Change
Education,"” 2020. ncbi.nlm.nih.gov

M. J. Martin, S. J. Diem, D. M. Karwat, and E. M. Krieger, "The climate is changing.
Engineering education needs to change as well,” *Journal of Engineering*, vol. 2022.
nsf.gov

D. Kim, B. Li, X. Zhou, 1. J. Chung et al., "Research trends of Ecological Engineering-A
review and bibliometric analysis," Ecological Engineering, 2025. [HTML]

F. Setiajiati, H. Hardjanto, and H. Hendrayanto, "Strategies of Community Empowerment to
Manage Protection Forest Sustainably,"” 2017. [PDF]

A. Chowdhury, S. Kumar Maiti, and S. Bhattacharyya, "How to communicate climate
change ‘impact and solutions’ to vulnerable population of Indian Sundarbans? From theory
to practice,” 2016. ncbi.nlm.nih.gov

J. B. Ruhl, "Climate Change Adaptation and the Structural Transformation of Environmental
Law," 2010. [PDF]

J. Barlow, R. M. Ewers, L. Anderson, L. E. O. C. Aragao et al., "Using learning networks to
understand complex systems: a case study of biological, geophysical and social research in
the Amazon," 2011. [PDF]

J. Lopez-Martinez, R. D. Cavanagh, J. Stefels, E. Verleyen et al., "Cross-Disciplinarity in
the Advance of Antarctic Ecosystem Research,” 2017. [PDF]

R. Bierbaum, J. B Smith, A. Lee, M. Blair et al., "A comprehensive review of climate
adaptation in the United States: more than before, but less than needed,” 2013. [PDF]

W. R. Lonsdale, H. E. Kretser, C. L. B. Chetkiewicz, and M. S. Cross, "Similarities and
Differences in Barriers and Opportunities Affecting Climate Change Adaptation Action in
Four North American Landscapes,” 2017. ncbi.nlm.nih.gov

C. J. Syfert and S. Woolley, "Finding a Place for Deliberation and Democracy in the
Manufactroversy about Climate Change," 2014. [PDF]


https://media.neliti.com/media/publications/264747-global-warming-and-climate-change-a-crit-428db986.pdf
https://core.ac.uk/download/212892729.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7711748/
https://par.nsf.gov/servlets/purl/10444150
https://www.sciencedirect.com/science/article/pii/S0925857425002344
https://core.ac.uk/download/230345375.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4967050/
https://core.ac.uk/download/230469648.pdf
https://core.ac.uk/download/217510.pdf
https://core.ac.uk/download/pdf/163114095.pdf
https://core.ac.uk/download/188090899.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5658473/
https://core.ac.uk/download/212818368.pdf

