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ABSTRACT 
 
Climate change has become one of the biggest issues in the field of environmental 
science. This issue affects the ecosystem, biodiversity, and overall quality of life. 
According to scientists, the increase in global temperature and the change in 
climatic patterns have been caused due to the activities of man such as 
industrialization, changing land use patterns, and over-exploitation of natural 
resources. In addition, the science of environmental biology explains the impact 
of these factors on the lives of different forms of life, and ecology sheds light on 
the functioning of ecological systems and processes occurring therein. This paper 
intends to explore the linkages among climate change, ecological systems, 
engineering and its impacts on environment, and environmental governance. For 
this purpose, a review of literature will be made to explore the impact of climate 
change on biodiversity and ecosystem, the concept of sustainable development 
and role of engineering in the same, and their implications for ecological systems 
and environment management in general. It can be concluded from the literature 
review that it is the poor and unplanned development and environmental 
management that is responsible for the ecological imbalance created. 
 

 

1. Introduction 
 
Climate change has been a major global problem that affects not 
only natural but also human ecosystems. As reported by the 
IPCC in 2021 and 2022, there is substantial evidence of the 
warming of the planet through greenhouse gas emissions and 
changes in precipitation patterns, rising sea levels, and 
increased intensity of climatic events. Such alterations have 
significant ecological consequences related to species migration 
and losses of biodiversity. 
 
        Ecological research confirms the effect of climatic changes 
on species' life forms. For instance, Parmesan and Yohe found 
that species' behavior and distribution has been affected by 
climate change. In his turn, Urban noted that climate change 
accelerates species extinction. Such processes as deforestation, 
industrialization, and urbanization add to these effects. 
According to Rockström et al. (2009) and Steffen et al. (2015), 
human pressure on nature exceeds the limit of safety, thus 
requiring sustainable development. 

 
2. Climate Change and Biodiversity Loss 
 

Climate change is one of the main reasons for declining 
biodiversity. Species either migrate or adjust to changes in 
temperature and precipitation patterns. According to Chen et 
al. (2011) and Pecl et al. (2017), some species have begun moving 
towards northern regions due to climate change. 
 
       Bellard et al. (2012) state that climate change could cause 
more extinctions in the future unless actions are taken to 
prevent this problem. In addition, Dirzo et al. (2014) argue that 
biodiversity loss has a negative impact on the services provided 
by ecosystems vital for humans' survival (Table 1). 
 

3.    Environmental Biology and Ecosystem  
       Interactions 
 
Environmental biology studies how organisms relate to their 
environment. Climate change impacts the metabolism of 
species, reproductive processes, and relationships between 
species. For example, Cardinale et al. (2012) revealed that loss 
of biodiversity results in instability and low productivity of 
ecosystems. Also, Arneth et al. (2020) emphasize that climate 
change affects ecosystems via complicated interconnections 
among different spheres (vegetation, soil, atmosphere).2. 
Climate Change and Biodiversity Loss 

https://ajsmrjournal.com/
mailto:gaurarvindsingh386@gmail.com,%20
mailto:pratima.law@gmail.com
https://dx.doi.org/10.5281/zenodo.20618453
https://dx.doi.org/10.5281/zenodo.20618453
https://doi.org/10.5281/zenodo.8277996


107 | The American Journal of Science and Medical Research.2026; 12(Suppl 2) 
 

4. Sustainable Development and Resource  
    Management 
 
Sustainable development seeks a harmonious balance between 
environmental protection and economic development. 
According to Sachs (2015), sustainability should be considered 
in any development project. Nature-based solutions such as 
afforestation and ecosystem restoration have been effective in 
addressing climate change (Kabisch et al., 2017; Namthabad et 
al., 2014). Reports by the United Nations Environment 
Programme (2019) and IPBES (2019) showed that efficient 
resource management increases ecosystem resilience and 
minimizes environmental degradation (Table 2). 
 
        Figure 1 was created using OpenAI's AI image generation 
platform. The authors developed the prompts, evaluated the 
generated outputs. No substantial post-generation 
modifications were performed 
 

 

 
 

Figure-1. Conceptual illustration of nature-based solutions for 
climate change mitigation, generated using OpenAI's AI image 
generation tool  

 
5. Civil Engineering and Environmental  
    Sustainability 
 
Civil engineering has contributed immensely to environmental 
sustainability through green infrastructure and resource-
efficient construction practices. According to Zuo and Zhao 
(2014), green buildings minimize energy consumption and 
emissions. Life cycle assessment is important in mitigating 
environmental impacts of civil engineering projects, according 
to Akadiri (2015). Seto et al. (2012) and Swapna et al., (2024) 
discussed sustainable urban planning to mitigate urbanization. 
 

6. Laws and Regulations in Environmental  
    Governance 
 
Laws and regulations control human activities and ensure 
environmental protection. The Paris Agreement is an 
international law for combating climate change (UNFCCC, 
2015). Ostrom (2010) and Janakiramulu et al., (2025) suggested 
the use of polycentric governance for climate change 
governance, which involves multiple actors. Bodansky (2016) 
identified the significance of legal tools in facilitating 
compliance with international commitments.4. Sustainable 
Development and Resource Management. Table 1 provides a 
brief overview of key research contributions that highlight the 

relationship between climate change, biodiversity, and 
ecological sustainability, showing how scientific understanding 
has developed over time, while Table 2 presents the major 
environmental challenges associated with climate change along 
with their impacts and possible solutions, offering a clear and 
structured understanding of how these issues can be addressed 
through sustainable practices and effective policy measures. 

 
7. Research Significance 
 
This review paper is of great significance in this day and age 
when climate change impacts the environment, society, and 
economy all at once. The research unifies three areas that are 
often talked about individually, even though they are related to 
each other – environmental biology, civil engineering, and 
environmental law. Thus, the combination allows getting a 
deeper understanding of the issue of ecological sustainability. 
One of the most significant aspects that should be noted about 
this research is the way it shows both biological reactions to 
changes in climate and human intervention in the environment 
that can either enhance these processes or prevent further 
degradation of the environmental state. This is how it bridges 
the gap between ecological principles and practical applications 
offered by engineering. 
 
       It is also worth pointing out that the study places an 
emphasis on environmental governance as well. Even though 
legal issues might not seem relevant to technical research, the 
truth is that they are extremely significant since they are 
responsible for implementation of all policies that are intended 
to ensure environmental safety. 
 
       All in all, the research will be of much use to those who are 
engaged in researching, engineering design, policy 
development, and environmental planning since a 
multidisciplinary perspective will help solve climate change 
issues. 
 

8. Scope of the Study 
 
The scope of this literature review is rather wide and 
interdisciplinary as it focuses on the interaction between climate 
change and ecological sustainability using a variety of 
approaches. The study discusses environmental biology that 
explains interactions between organisms and environment as 
well as ecology that addresses system-level processes. 
 
       Moreover, the paper explores issues related to civil 
engineering and the creation of infrastructure that helps achieve 
ecological sustainability in terms of the construction of green 
buildings, effective water supply systems, and low carbon 
footprint construction methods. Such an approach is very 
topical today considering that there is extensive infrastructure 
development. Environmental laws and governance instruments 
that manage human activity and guarantee environmental 
protection are included in the study. Overall, this research is 
useful for researchers, engineers, policymakers, and 
environmental planners, as it provides a multidisciplinary 
approach to understanding and addressing climate change. It 
also supports the idea that sustainable solutions can only be 
achieved through coordinated efforts across different fields.  
 
      However, the scope of this research will be restricted to 
reviewing relevant literature. The paper will not contain any 
experimental or fieldwork results. The objective of this paper 
will be limited to summarizing the existing information about 
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the chosen topic based on credible sources. The paper will not 
contain any regional case studies. 
 

9. Future Scope 
 
However, the problem of climate change and ecology 
sustainability remains ever-changing, and thus provides 
significant opportunities for further investigations. Firstly, 
there is a need for more studies in relation to developing an 
integrated approach that will include ecological, engineering, 
and policy aspects of the problem. This approach will allow 
creating accurate models predicting the development of climate 
changes. 
 
       Moreover, another topic to be developed by scientists is the 
sphere of sustainable materials and sustainable building. The 
production of low-carbon and recyclable construction materials 
will have positive effects on environment. Moreover, smart 
infrastructure systems that will rely upon using information 
technology for managing resources effectively will help solve 
problems of sustainability. 

 
       Moreover, in order to increase the level of protection of 
environment, there should be undertaken measures aimed at 
improving governance of environment. Thus, studies on 
effectiveness of legislation can reveal existing gaps in legal 
regulations. In turn, comparative analysis between 
environmental protection laws of different countries can 
identify best practices. 
 

      Furthermore, a significant contribution can be provided 
through further investigations on such issues as community 
participation and raising environmental awareness. Only the 
collaboration between communities and governments can lead 
to successful sustainable development. 
 
      Finally, the effects of climate change differ by region, and 
thus future research efforts should consider conducting more 
localized studies, particularly within developing nations which 
are highly susceptible to such changes. 
 

10. Limitations, Policy Implications, and Practical  
     Applications 
 
However, this review is mainly centered on secondary data 
obtained from past publications, meaning that this paper does 
not contain any experimental or field-based verification of 
information analysed. This analysis is conducted on a larger 
and wider scale, taking into account a global rather than 
regional point of view; therefore, the information may not take 
into consideration some region-based variations in the 

environmental situation. Nevertheless, the findings provide an 
understanding of the impact of climate changes and the 
significance of the issues related to ecological sustainability. 
First, one can say that these results imply the necessity of 
adopting stricter legislation and improving enforcement 
measures in order to protect our environment. Besides, the 
necessity to combine engineering practices with the 
environmental policies in order to conduct sustainable 
development activities is indicated as well. Moreover, from a 
national perspective, the analysis shows that there is a need to 

Table.1 Literature Summary on Climate Change and Ecological Sustainability 

 
Author Year Field Main conclusion 

Urban 2015 Biodiversity Climate makes species extinction vulnerable 

Steffen et al. 2015 Ecology Planetary boundaries identified 

Sachs 2015 Sustainability Development integration 

Pecl et al. 2017 Ecology Redistribution of species 

IPCC 2018 Climate Consequences of 1.5 degrees warming 

IPBES 2019 Biodiversity Degradation of ecosystems 

UNEP 2019 Environment Resource efficiency 

Arneth et al. 2020 Ecosystems Climate interactions 

IPCC 2021 Climate Scientific basis 

IPCC 2022 Adaptation Vulnerability insights 

 

Table 2: Key Environmental Challenges, Impacts, and Sustainable Solutions 

 
Challenge Impact Suggested Solution Author(s) 

Climate Change 
Rising temperature, extreme 

events 
Climate mitigation and adaptation 

strategies 
IPCC (2021) 

Biodiversity Loss 
Species extinction, ecosystem 

imbalance 
Conservation and habitat 

restoration 
Urban (2015); Bellard et al. 

(2012) 

Deforestation 
Loss of carbon sinks, habitat 

destruction 
Afforestation and sustainable land 

use 
FAO (2018) 

Urbanization 
Environmental degradation, 

pollution 
Sustainable urban planning and 

green infrastructure 
Seto et al. (2012) 

Resource Overuse Depletion of natural resources Efficient resource management UNEP (2019) 

Weak Governance 
Poor implementation of 

policies 
Strengthening environmental laws 

Bodansky (2016); Ostrom 
(2010) 

Infrastructure 
Emissions 

Increased carbon footprint 
Green construction and LCA 

methods 
Zuo & Zhao (2014); 

Akadiri (2015) 
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have a plan to balance economic development and 
environmental protection for a country's prosperity in the 
future. In terms of its practical application, the analysis can be 
used in civil engineering, where one will be able to apply 
sustainable construction methods as well as use 
environmentally friendly materials. 
 

11. Conclusion 
 
Climate change is no longer considered an environmental 
problem to be dealt with in the distant future; rather, it has 
become a current phenomenon that is having an effect on our 
ecological system and biodiversity. It is evident from the 
observations made in this review that climate change impacts 
are interrelated, impacting not only our environment but also 
our socio-economic development and economic growth. Our 
knowledge of how living beings interact with these changing 
environmental impacts can be gained through environmental 
biology and ecology. 
 
      The most important insight obtained through this research 
was that the process of biodiversity loss has been accelerated by 
climate change in addition to human intervention, including 
deforestation, urbanization, and misuse of resources. These 
processes are disturbing the ecological equilibrium and causing 
biodiversity to be lost rapidly. Continued in this way, the ability 
of the ecosystem to offer necessary services may be severely 
compromised in the near future. Sustainable development takes 
center stage in solving all these problems. Clearly, economic 
development cannot take place through neglecting our 
environment. Development must be combined with 
environmental preservation, resource efficiency, and other 
ecological issues. Natural solutions, use of renewable energy 
sources, and environmental conservation practices are some 
methods to achieve environmental relief from environmental 
pressure. Moreover, civil engineering plays an important role 
here. Green technologies, eco-friendly materials, and life cycle 
approach can play an important part in minimizing the 
environmental impact of development works. Finally, 
sustainable development should pay special attention to urban 
planning in areas of rapid development because uncontrolled 
growth can harm nature considerably in the future. 
 
      Besides all technological advances, strong environmental 
law framework plays an important role in the issue. 
Environmental laws, policies, and agreements form the 
necessary framework for regulating our actions and promoting 
environmentally responsible behavior among individuals. 
 
      The other critical area emphasized by this review is that of 
interdisciplinary. Climate change presents such a multi-faceted 
problem that no single discipline can address adequately. A 
combination of inputs from environmental scientists, engineers, 
public policies, and even communities is essential to come up 
with effective strategies for combating climate change. Another 
key component involved in dealing with this challenge is public  
awareness and education about the same. 
 
      Attaining ecological sustainability in the face of climate 
change is not an easy task but requires a combination of 
measures to be implemented. While scientific knowledge and 
innovation are central in this process, technology alone cannot 
solve the problem without supportive policies and effective 
environmental governance. Sustainable development of the 
environment can only be ensured by implementing sustainable 
infrastructure projects and managing natural resources wisely. 
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