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IMPACT OF CLIMATE CHANGE ON ENVIRONMENTAL SUSTAINABILITY

Tikam Chand Malakar*

ABSTRACT

In addition to having enormous repercussions for ecosystems, biodiversity, and human societies,
climate change is a severe danger to the long-term viability of the environment for future generations. The
purpose of this study is to investigate the many ways in which climate change affects the sustainability of
the environment, with a particular emphasis on crucial areas such as the loss of biodiversity, the diminished
availability of water, the deterioration of soil, and the disturbance of ecological balance. By highlighting the
ways in which increasing temperatures, changed precipitation patterns, and severe weather events worsen
existing environmental vulnerabilities, the study draws attention to the interconnection of climate change
with global environmental concerns. This article investigates the mechanisms by which climate change
hinders attempts to achieve sustainability. These mechanisms include the impacts that climate change has
on natural resources, food security, and public health. The investigation is carried out via a thorough
analysis of existing research and case studies. Moreover, the study delves into the topic of adaptation
tactics and mitigation measures, which are crucial for building resilience and fostering sustainable
development in the face of climate change.
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Introduction

The phrase "climate change" refers to adjustments that have been made over an extended
period of time to the typical weather patterns that have come to characterize the local, regional, and
global climates of the Earth. These changes are mostly caused by human activity, including the burning
of fossil fuels, deforestation, and industrial operations, all of which have resulted in a rise in greenhouse
gas emissions that has never been seen before. The phenomena that is referred to as global warming is
caused by greenhouse gases, which include carbon dioxide (CO2), methane (CH4), and nitrous oxide
(N20). These gases trap heat in the atmosphere, which in turn causes the average temperature of the
globe to increase. In addition to causing changes in weather patterns, rising sea levels, and a rise in the
frequency and severity of severe weather events, this warming has far-reaching effects on ecological
systems.

The term "climate change" refers to a wide variety of alterations in the climatic system of the
Earth, and it is not limited to the gradual increase in average temperatures. The patterns of precipitation,
the acidity of the ocean, the melting of the polar ice caps, and the disturbance of ecosystems and
biodiversity are all examples of these changes. It has been repeatedly warned by the Intergovernmental
Panel on Climate Change (IPCC) that the continued increase in global temperatures might lead to
changes in the climate of the Earth that are irreversible, which would have disastrous effects for both
natural ecosystems and human society.
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Defining Environmental Sustainability

When we talk about environmental sustainability, we are referring to the responsible
management of natural resources in order to fulfill the requirements of the present while also
guaranteeing that the requirements of future generations may be satisfied. On the other hand, it
comprises a wide variety of behaviors that are aimed at minimizing the effect that humans have on the
environment, preserving the health of ecosystems, and assuring the continued viability of the natural
resources of the world over the long term. The protection of biodiversity, responsible land use,
sustainable water management, and the reduction of pollution and waste are all essential components of
environmental sustainability. Waste and pollution reduction are also important.

Importance of Climate Change in the Global Context

Climate change is one of the most urgent problems of our time, and it will have far-reaching
repercussions for the planet and the people who live on it. Due to the fact that climate change is a global
phenomenon, its effects are felt in every part of the planet, transcending national borders and having an
effect on ecosystems, economics, and cultures all over the world. The threats to the long-term viability of
the environment are becoming farther and further serious as the climate of the Earth continues to
undergo change.

o Impact on Ecosystems and Biodiversity: Climate change is already causing shifts in
ecosystems and the distribution of species. Many plants and animals are forced to migrate to
new areas as their traditional habitats become inhospitable due to changes in temperature and
precipitation patterns. Some species, unable to adapt or migrate, face the risk of extinction. This
loss of biodiversity has cascading effects on ecosystem services, such as pollination, water
purification, and carbon sequestration, which are crucial for human survival.

. Food Security: Agriculture is highly sensitive to changes in climate. Rising temperatures,
altered precipitation patterns, and the increased frequency of extreme weather events such as
droughts, floods, and storms can reduce crop yields and disrupt food production. This threatens
global food security, particularly in regions already vulnerable to hunger and malnutrition.
Climate change also affects the availability of water for irrigation and the prevalence of pests
and diseases, further complicating efforts to ensure a stable food supply.

. Water Resources: Climate change is affecting the availability and distribution of water
resources worldwide. Melting glaciers, altered precipitation patterns, and changing river flows
are impacting freshwater availability in many regions. This has serious implications for drinking
water supplies, agriculture, industry, and energy production. In some areas, prolonged droughts
are leading to water shortages, while in others, increased rainfall and flooding are causing water
quality issues and infrastructure damage.

. Human Health: The health impacts of climate change are multifaceted, affecting both physical
and mental well-being. Rising temperatures can lead to heat-related illnesses and exacerbate
conditions such as cardiovascular and respiratory diseases. Climate change also influences the
spread of infectious diseases, with warmer temperatures and changing precipitation patterns
creating more favorable conditions for vectors like mosquitoes that carry diseases such as
malaria, dengue, and Zika virus. Additionally, extreme weather events can cause injuries,
fatalities, and mental health issues, particularly in vulnerable populations.

. Economic Consequences: The economic impacts of climate change are profound and varied.
Damage to infrastructure from extreme weather events, disruptions to supply chains, and
reduced agricultural productivity can lead to significant economic losses. Industries such as
tourism, agriculture, and fisheries are particularly vulnerable to the effects of climate change.
Moreover, the costs of adaptation and mitigation efforts, while necessary, represent a significant
financial burden for governments and businesses alike.

) Social and Political Implications: Climate change is also a driver of social and political
instability. Resource scarcity, particularly water and food, can exacerbate existing conflicts or
create new ones. Climate-induced migration is becoming increasingly common, with people
forced to leave their homes due to rising sea levels, desertification, or extreme weather events.
This migration can lead to overcrowding in urban areas, strain on public services, and tensions
between host communities and migrants. Additionally, the impacts of climate change are often
felt most acutely by marginalized and vulnerable populations, leading to increased inequality
and social unrest.
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Objectives

. To analyze the effects of climate change on key environmental factors such as temperature, sea
levels, and extreme weather events.

. To assess the challenges that climate change poses to achieving environmental sustainability,

particularly in relation to ecosystems, biodiversity, and natural resource management.
Methodology

The society we live in today is technologically advanced and globalized, and climate change
plays a significant part in each and every one of our everyday lives. The present problem, which is
referred to as COVID-19, is a result of the fact that events that occur in one nation have a significant
impact on countries that are located in other parts of the world. Some of the most severe diseases, such
as COVID-19, have had an impact on the changes in the environment and the economic situations
throughout the globe. The objective of the current project is to do a comprehensive evaluation of the
current state of research on the topic, which is centered around "Global Climate Change Impacts,
adaptation, and sustainable mitigation measures." This will be accomplished by conducting a systematic
review of previous research work, both published and unknown. In addition, the aims of the present study
are to provide commentary on previous research on the same subject and to provide recommendations
for further research on the same subject.
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Fig. 1: Looking for Finished Papers to use as Research Methodology

Because of the limitations that have been placed on the literary display, it has been difficult to
evaluate all of the papers that have been discovered since the year 2020. In accordance with the
characteristics of the study, the researchers looked through 95 articles on a different database from the
one indicated above. Following the reading of tiles, abstracts, and complete pieces, it eliminated forty
publications that were not relevant since they were copied from an earlier search. (i) papers that focused
on "Global Climate Change Impacts, adaptation, and sustainable mitigation measures," and (ii) search
key phrases linked to research requirements were the criteria that were utilized to determine which
submissions were accepted for inclusion. In all, the method produced 55 publications that were used for
our research. Repeating our search on the "Web of Science and Google Scholars" database allows us to
improve the search results and ensure that the articles that are cited are also checked.

A comprehensive examination and analysis of 55 papers is carried out in this study. The articles
are examined for research subjects as well as other elements, such as the methodologies, settings, and
theories that were used in these investigations. In addition, this study examines topics that are closely
connected to one another in order to create one-of-a-kind research chances in the future. The study also
highlighted prospects for future research and research topics by gaining a knowledge of the results of the
research about climate change and other economic sectors that are impacted. Figure 2 provides an
overview of the framework analysis method for the manuscript that was evaluated.
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Fig. 2: Framework of the Analysis Process
Natural Disasters and Climate Change’s Socio-Economic Consequences

The number of fatalities that occur as a result of natural and environmental catastrophes may
vary greatly from one year to the next. There are some years that go by with relatively few deaths until a
large catastrophic event takes thousands of lives. During the previous ten years, natural catastrophes
have been responsible for the deaths of around 60,000 people across the world on average each year. In
other words, around 0.1% of fatalities worldwide, as stated in the paper. Figure 3 illustrates the annual
variation in the number of fatalities and the percentage of deaths that have been caused by natural
catastrophes during the last several decades. The number of fatalities may be very low, perhaps falling
below 10,000 and accounting for as little as 0.01% of all those who pass away.

A lack of environmental education and understanding, obsolete consumer behavior, a shortage
of incentives, a lack of regulation, and the government's lack of commitment to climate change are all
factors that contribute to the worries of the general population. These factors are in addition to the issues
that have been mentioned above. A two to three percent increase in mercury levels and a significant
disruption in the patterns of rainfall might have severe repercussions by the year 2050. The natural and
environmental disasters that occurred throughout the world resulted in enormous losses, including a
reduction in agricultural production, the reconstruction of the system, and the reconstruction of
technologies that were essential (Table 1). In addition, during the course of the last three or four years,
the globe has been afflicted by eye and skin ailments that are associated with pollution, as well as an
increase in the number of traffic accidents that are caused by poor visibility.

Table 1: Global Natural Disaster Risk Data from 1985 to 2020

Key natural hazards statistics from 1978 to 2020

Country 1978 change 2018 Absolute change Relative
Drought 63 0 -63 -100%
Earthquake 25,162 4,321 -20,841 -83%
Extreme temperature 150 536 + 386 +257%
Extreme weather 3676 1,666 -2,010 -55%
Flood 5,897 2,869 - 3,028 -51%
Landslide 86 275 +189 +220%
Mass movement 50 17 -33 - 66%
Volcanic activity 268 878 +610 +228%
Wildfire 2 247 +245 +12,250%
All - natural disasters 35,036 10,809 - 24,227 -69%
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Climate Change Implications on Human Health

The human health is a big victim of climate change, which is a bodily fact that is well
acknowledged. The World Health Organization (WHO) estimates that climate change might be
responsible for an extra 250,000 deaths year between the years 2030 and 2050. It is believed that these
fatalities are the result of mortality and morbidity caused by severe weather conditions, as well as the
worldwide proliferation of illnesses transmitted by vectors. This article provides a concise description of a
few of the rising health concerns that are relevant to this worldwide difficulty.

Climate Change and Antimicrobial Resistance with Corresponding Economic Costs

Antimicrobial resistance, often known as AMR, is a complicated global health concern that is
steadily increasing. Due to the fact that this phenomena has the ability to undo practically all of the
progress that has been made in the field of health up to this point, health specialists all around the world
are tremendously concerned about it. As a result of the fact that several pharmaceutical enterprises
throughout the globe create a vast quantity of antibiotics and that pathogenic bacteria are progressively
gaining resistance to these antibiotics, it is possible to realize how powerfully this element might rock the
foundations of national and global economies. The fact that antimicrobial resistance is not growing in a
specific location or nation lends credence to the assertion that this is the case. in the contrary, however, it
is thriving in each and every continent of the earth. This epidemic is putting a significant amount of
pressure on mankind to enter the post-antibiotic age, which is a period in which bacteria that are
presently susceptible to antibiotics may once again cause certain endemics and pandemics after
becoming resistant to antibiotics. If this assertion were to become a truth, it would be unfortunate since it
would bring about the possibility of certain hazards being incurred while undergoing complex treatments
such as chemotherapy, joint replacement cases, and organ transplants. At this time, the proliferation of
drug-resistant instances has made it very difficult and expensive to treat or cure common diseases such
as pneumonia, post-surgical infections, HIV/AIDS, TB, malaria, and other similar conditions (WHO 2018).
By using a simple example, it is possible to make an assumption about the ease with which antibiotic-
resistant strains may be passed from one individual to another and, eventually, when they transcend
national lines.
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A number of studies have shown that traditional urban wastewater treatment facilities are typical
hotspots where the majority of bacterial strains engage in the process of horizontal gene transfer, which
involves the exchange of genetic material (Fig. 5). Despite the fact that the extent of the hazards linked
with the antibiotic resistance that may be discovered in wastewater is currently difficult, environmental
scientists and engineers are particularly concerned about the possible implications that these antibiotic
resistance genes might have on human health. In the most unfavorable and worst-case scenario, these
bacteria that possess antibiotic-resistant genes have the potential to find their way into the environment,
the irrigation water that is used for crops, and public water sources, and eventually become a part of food
chains and food webs. Multiple instances of this issue have been documented in a number of nations,
including those in which the use of wastewater as a source of irrigated water is relatively widespread.

Climate Change and Vector Borne-Diseases

When it comes to the maintenance of living things, temperature is an essential component,
independent of the habitat in which they are found. Therefore, in order for a certain living creature,
particularly a disease, to live on earth, it is necessary for it to fall within a given temperature range. In
addition to having an effect on the movement and dissemination patterns of a great number of infectious
pathogens, precipitation is the second crucial component of climate change. Rising temperatures
throughout the world are a major contributor to the extinction of a great number of species. There is a
possibility that the temperature of the environment is changing, which might be the cause of the
extinction of some species. On the other hand, this increasing temperature could be beneficial to the
growth of certain new creatures. According to Patz et al. (2000), it was clear that some diseases had the
potential to rear their heads after being previously unknown or reported. This idea may be shown by
examining certain pathogenic strains of microbes, which demonstrate how the risk of a variety of
illnesses rises in response to changes in the environment that are caused by global warming (Table 2).

Table 2: Various Infectious llinesses in People and how they are
Impacted by Environmental Changes

Environmental
modifications

Potential Diseases

The Causative Organisms and Pathway of
Effect

Construction of canals,
dams, irrigation pathways

Schistosomiasis

Snail host locale, human contact

Malaria

Upbringing places for mosquitoes

Helminthiases

Larval contact due to moist soil

River blindness

Blackfly upbringing

Agro-strengthening

Malaria

Crop pesticides

Venezuelan hemorrhagic
fever

Rodent abundance, contact

Suburbanization Cholera deprived hygiene, asepsis; augmented water
municipal assembling pollution
Dengue Water-gathering rubbishes Aedes aegypti

mosquito upbringing sites

Cutaneous leishmaniasis

PSandfly vectors

Deforestation and new
tenancy

Malaria

Upbringing sites and trajectories, migration of
vulnerable people

Oropouche

upsurge contact, upbringing of directions

Visceral leishmaniasis

Recurrent contact with sandfly vectors

Agriculture

Lyme disease

Tick hosts, outside revelation

Ocean heating

Red tide

Poisonous algal blooms

Not so long ago, there was an outbreak of the coronavirus known as COVID-19 in the Republic
of China, which resulted in the development of pneumonia and severe acute respiratory problems. It has
been shown that the huge family of viruses is present in a wide variety of species, including bats and
snakes (livescience.com), and that these viruses are then transmitted to humans. Therefore, it is
important to pay attention to the fact that climate change has an effect on the proliferation of different
vectors that are responsible for the transmission of a variety of illnesses.

Climate Change Impacts on the Forestry Sector

In addition to playing an essential part in the regulation of global carbon and nitrogen cycles,
forests are the global regulators of the climate we experience on a worldwide scale. Therefore, ecological
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changes in forests have an effect on both the microclimate and the macroclimate. Consequently, the
warming of the climate has a significant influence on the expansion and productivity of transboundary
forests. This is because it affects the patterns of temperature and precipitation, among other things. As a
result of climate change, which causes particular changes in the normal structure and functions of
ecosystems and also has an influence on the health of forests, climate change also has a number of
severe repercussions, including forest fires, droughts, insect outbreaks, and, last but not least, the
livelihoods of populations who are reliant on forests.

Climate Change Impacts on Forest-Dependent Communities

Forests provide livelihoods for 1.6 billion people, 350 million of whom rely heavily on them.
Agro-forestry-dependent societies number 1.2 billion, and 60 million indigenous people subsist off forests
and their products. More than 2/3 of Africans rely on forest resources and woods for food, fuelwood, and
grazing. These folks are more impacted by climate change, making life tougher. Forest communities are
sensitive to CC owing to their livelihoods, cultural, spiritual, and socio-ecological links, yet many are
unfamiliar with the phrase “climate change.” Due to unfavorable temperature regimes, insect and pest
infestations, and changed rainfall patterns, forest-dependent smallholder farmers in the Philippines face
delayed fruiting, reduced growth, and yield.

Pest Outbreak

Upscaling hotter temperature may benefit mobile organisms with shorter generation rates since
they may escape severe circumstances and adapt to new settings better than stationary ones. Due of
their movement, insects adapt swiftly to global warming. Due to prior outbreaks, forests are more
vulnerable. The worldwide woods stay steady, assiduous, and green despite droughts and storms that
rendered them prone to insect pest treatments before CC. The insect herbivores were likely governed by
tree defenses and predation. Global forests cannot ignore these concerns since climate substantially
affects them. Table 3 shows practical examples of CC mitigation factors in the forestry industry.

Table 3: Important things to think about when Reducing the Effects of Climate Change on the
Forest Industry

Attributes Description Forestry Example
Purposefulness | Autonomous | Includes continuing application of Thin to reduce drought stress;
prevailing information and construct breaks in vegetation
techniques in retort to experienced | to Stop feast of wildfires,
climate change vermin, and ailments
Timing Preemptive Necessitates interactive change to Ensure forest property against
diminish future injury, jeopardy, and | potential future losses;
weakness, often through planning, | transition to species or stand
observing, growing consciousness, | erections that are better
structure partnerships, and reformed to predictable future
ornamental erudition or conditions; trial with new
investigation forestry organization practices
Scope Incremental | Involves making small changes in Condense rotation pauses to
present circumstances to decrease the likelihood of
circumvent disturbances and harm to storm Events,
ongoing to chase the same differentiate classes to
purposes blowout jeopardy; thin to
lessening compactness and
defenselessness of jungle
stands to tension
Goal Opposition Shield or defend from alteration; Generate refugia for rare
take procedures to reservation classes; defend woodlands
constancy and battle change from austere fire and wind
uproar; alter forest
construction to reduce
harshness or extent of wind
and ice impairment; establish
breaks in vegetation to
dampen the spread of vermin,
ailments, and wildfire
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Conclusion

The findings of this study highlight the significant and complex influence that climate change has
on the sustainability of many natural systems. The stability of ecosystems and the availability of natural
resources are both under serious danger as a result of the rise in global temperatures, the rise in sea
levels, and the increase in the frequency of extreme weather events. The findings of this research
indicate that climate change not only exacerbates pre-existing environmental problems, such as
deforestation, pollution, and the loss of habitat, but it also adds new complications, which makes it more
difficult to maintain ecological balance and to promote sustainable development.A well-rounded view has
been supplied by this study because to the mixed-methods approach, which combines empirical data
with the experiential perspectives of impacted groups and specialists. In light of these results, it is clear
that there is an immediate need for focused mitigation methods and adaptation measures that are both
locally relevant and internationally coordinated. Through the enhancement of our knowledge of the ways
in which climate change disturbs environmental systems, this study makes a contribution to the larger
debate on sustainability.

References
1. Abbass K, Begum H, Alam ASA, Awang AH, Abdelsalam MK, Egdair IMM, Wahid R (2022)

Fresh Insight through a Keynesian Theory Approach to Investigate the Economic Impact of the

COVID-19 Pandemic in Pakistan. Sustain 14(3):1054
2. Allen CD, Macalady AK, Chenchouni H, Bachelet D, McDowell N, Vennetier M, Hogg ET (2020)

A global overview of drought and heat-induced tree mortality reveals emerging climate change

risks for forests. For Ecol Manag 259(4):660-684
3. Anwar A, Sinha A, Sharif A, Siddique M, Irshad S, Anwar W, Malik S (2021) The nexus between

urbanization, renewable energy consumption, financial development, and CO2 emissions:
evidence from selected Asian countries. Environ Dev Sust. https://doi.org/10.1007/s10668-021-

01716-2
4. Hartmann H, Moura CF, Anderegg WR, Ruehr NK, Salmon Y, Allen CD, Galbraith D (2018)

Research frontiers for improving our understanding of drought-induced tree and forest mortality.

New Phytol 218(1):15-28

5. Hatfield JL, Boote KJ, Kimball B, Ziska L, Izaurralde RC, Ort D, Wolfe D (2021) Climate impacts
on agriculture: implications for crop production. Agron J 103(2):351-370
6. Hendriksen RS, Munk P, Njage P, Van Bunnik B, McNally L, Lukjancenko O, Kjeldgaard J

(2019) Global monitoring of antimicrobial resistance based on metagenomics analyses of urban
sewage. Nat Commun 10(1):1124

7. Hussain M, Butt AR, Uzma F, Ahmed R, Irshad S, Rehman A, Yousaf B (2020) A
comprehensive review of climate change impacts, adaptation, and mitigation on environmental
and natural calamities in Pakistan. Environ Monit Assess 192(1):48

8. Hussain M, Liu G, Yousaf B, Ahmed R, Uzma F, Ali MU, Butt AR (2018) Regional and sectoral
assessment on climate-change in Pakistan: social norms and indigenous perceptions on
climate-change adaptation and mitigation in relation to global context. J Clean Prod 200:791—
808

9. Huang Y, Haseeb M, Usman M, Ozturk | (2022) Dynamic association between ICT, renewable
energy, economic complexity and ecological footprint: Is there any difference between E-7
(developing) and G-7 (developed) countries? Tech Soc 68:101853

10. Alhassan H (2021) The effect of agricultural total factor productivity on environmental
degradation in sub-Saharan Africa. Sci Afr 12:e00740

11. Abbass K, Song H, Shah SM, Aziz B (2019) Determinants of Stock Return for Non-Financial
Sector: Evidence from Energy Sector of Pakistan. J Bus Fin Aff 8(370):2167-0234

12. Ali A, Erenstein O (2017) Assessing farmer use of climate change adaptation practices and
impacts on food security and poverty in Pakistan. Clim Risk Manag 16:183-194

13. Akkari C, Bryant CR (2016) The co-construction approach as approach to developing adaptation

strategies in the face of climate change and variability: A conceptual framework. Agricultural
Research 5(2):162-173



Tikam Chand Malakar: Impact of Climate Change on Environmental Sustainability 181

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Huang W, Gao Q-X, Cao G-L, Ma Z-Y, Zhang W-D, Chao Q-C (2016) Effect of urban symbiosis
development in China on GHG emissions reduction. Adv Clim Chang Res 7(4):247-252

Hubbart JA, Guyette R, Muzika R-M (2016) More than drought: precipitation variance, excessive
wetness, pathogens and the future of the western edge of the eastern deciduous forest. Sci
Total Environ 566:463—-467

Hatfield JL, Prueger JH (2015) Temperature extremes: Effect on plant growth and development.
Weather and Climate Extremes 10:4-10

IPCC (2013) Summary for policymakers. Clim Chang Phys Sci Basis Contrib Work Gr | Fifth
Assess Rep

lonescu C, Klein RJ, Hinkel J, Kumar KK, Klein R (2009) Towards a formal framework of
vulnerability to climate change. Environ Model Assess 14(1):1-16

Araus JL, Slafer GA, Royo C, Serret MD (2008) Breeding for yield potential and stress
adaptation in cereals. Crit Rev Plant Sci 27(6):377—412

Adger WN, Arnell NW, Tompkins EL (2005) Successful adaptation to climate change across
scales. Glob Environ Chang 15(2):77-86

Huang S (2004) Global trade patterns in fruits and vegetables. USDA-ERS Agriculture and
Trade Report No. WRS-04-06

Aron JL, Patz J (2001) Ecosystem change and public health: a global perspective: JHU Press

Abraham E, Chain E (1988) An enzyme from bacteria able to destroy penicillin. 1940. Rev Infect
Dis 10(4):677.

oon



