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Abstract

Understanding the dynamics of the atmospheric environment is fundamental to comprehending the
mechanisms and impacts of climate change at both regional and global scales. This paper provides an
in-depth review of key atmospheric processes, including the structural composition and functions of
atmospheric layers, global wind and pressure systems, mechanisms of moisture transport, and ozone
layer behavior. Particular attention is given to the intricate ways in which anthropogenic activities
influence these atmospheric processes. The dynamics of the atmosphere regulate critical climatic
variables such as global temperature distribution, rainfall variability, and the frequency and intensity
of extreme weather phenomena. Notably, this review explores how modifications in atmospheric
circulation patterns—such as the shifting of Hadley Cells, alterations in jet streams, and
stratospheric-tropospheric interactions—are reshaping climate behavior across latitudes. The ozone
layer, which plays a vital role in maintaining thermal equilibrium and shielding the biosphere from
harmful ultraviolet radiation, is also examined in the context of its degradation and its feedback effect
on climate systems. Human-induced drivers, including the emission of greenhouse gases, land-use
change, deforestation, and industrial emissions, are identified as catalysts of atmospheric instability
and climate anomalies. Drawing upon authoritative scientific assessments from bodies such as the
Intergovernmental Panel on Climate Change (IPCC), NASA, and the World Meteorological
Organization (WMO), the paper underscores the urgent need for integrated climate governance. It
concludes that a comprehensive grasp of atmospheric dynamics is indispensable for designing
effective climate adaptation and mitigation strategies. The study advocates for enhanced atmospheric
research and reinforced global cooperation to mitigate climate risks and foster environmental
sustainability.

Keywords: atmospheric dynamics, climate change, ozone layer depletion, global circulation systems,
anthropogenic influences, jet stream shifts, moisture transport, extreme weather events,
environmental sustainability

1. Introduction The Earth’s atmosphere is a vital component of



the planetary system, playing an indispensable
role in sustaining life, regulating the global
climate, and mediating energy flows.
Functioning as a dynamic, multilayered
envelope composed primarily of nitrogen,
oxygen, argon, carbon dioxide, and trace gases,
the atmosphere serves not only as a buffer
against harmful extraterrestrial influences such
as ultraviolet (UV) radiation and meteoroids,
but also as a critical driver of weather and
climate processes. This intricate system
facilitates the continuous redistribution of
energy and moisture around the planet through
interactions between temperature gradients,
pressure differences, wind circulation, and
humidity (Wallace & Hobbs, 2006).

At its core, the atmosphere acts as a natural
greenhouse, retaining heat emitted by the
Earth’s surface and moderating the extremes
between daytime and nighttime temperatures.
Mechanisms such as the greenhouse effect,
global wind belts, jet streams, and convection
cells enable the transport of thermal energy from
equatorial regions toward the poles, thereby
maintaining a relatively stable climate
conducive to biological productivity. These
dynamic interactions underpin phenomena such
as precipitation, storm development, and
seasonal variability, all of which have direct
implications for ecosystems, agriculture, and
human settlements.

Understanding the intricate dynamics of the
atmosphere is essential for interpreting both
short-term weather fluctuations and long-term
climatic shifts. Over the last century, scientific
records have documented notable changes in
global climate variables, including rising surface
temperatures, altered rainfall distribution, and
increased frequency and intensity of extreme
weather events (IPCC, 2021). While the role of
greenhouse gas emissions in these trends is

well-documented, less attention has
traditionally been paid to the influence of
atmospheric motion and structural

changes—collectively referred to as atmospheric
dynamics—on climate variability.

Atmospheric  dynamics  encompass  the
movement of air masses, energy transfers, and
interactions between different layers of the
atmosphere. These processes determine how
weather systems evolve and how climate
anomalies develop. For example, alterations in
the position and strength of the jet streams have
been linked to the occurrence of prolonged
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droughts and cold spells in mid-latitude regions.
Similarly, displacement of the Intertropical
Convergence Zone (ITCZ), disruption of
monsoonal circulation, and weakening of polar
vortices are increasingly being associated with
climate variability driven by anthropogenic
factors.

Recent research has highlighted the significance
of these dynamic processes in modulating the
response of the climate system to external
forcings. Studies have shown that feedback
mechanisms between atmospheric circulation
and surface warming can amplify climatic
extremes. However, despite their relevance,
many global climate models still inadequately
represent such complex interactions. This
limitation poses a significant challenge to
regional climate prediction, which is crucial for
local adaptation planning and disaster risk
management.

Moreover, the atmosphere’s vertical
stratification, which includes the troposphere,
stratosphere, mesosphere, and thermosphere,
plays distinct roles in climate regulation. The
stratospheric ozone layer, for instance, absorbs
harmful UV radiation and contributes to
maintaining  thermal gradients between
atmospheric layers. Ongoing ozone depletion,
primarily caused by chlorofluorocarbons (CFCs)
and other pollutants, weakens this protective
function and interacts with surface warming,
creating feedback loops that intensify climate
disruptions (Pidwirny, 2006).

Human activities—especially the burning of
fossil fuels, large-scale deforestation, industrial
emissions, and unregulated land-use
changes—continue to release substantial
amounts of carbon dioxide, methane, and other
greenhouse gases into the atmosphere. These
emissions not only raise global temperatures but
also destabilize wind patterns, shift storm
tracks, and enhance the water vapor content of
the atmosphere, which itself is a potent
greenhouse gas. As a result, the energy balance
of the Earth is being altered, leading to
phenomena such as heatwaves, flooding, and
polar ice melting.

Given these emerging challenges, an enhanced
understanding of atmospheric behavior is
critical. Climate science must increasingly
integrate atmospheric dynamics into predictive
models to improve the accuracy of projections
and inform effective climate policy. The complex



interplay between natural atmospheric systems
and anthropogenic influences requires a

multidisciplinary approach—combining
meteorology, climatology, environmental
science, and data analytics—to support

evidence-based decision-making.

Generally, the Earth’s atmosphere is far more
than a passive shell enveloping the planet; it is a
living, breathing component of the Earth system
that governs weather, modulates climate, and
supports life. As global climate change
accelerates, spurred by human activities, a
deeper and more nuanced comprehension of
atmospheric dynamics becomes essential —not
only for academic inquiry but also for the
practical design of adaptation and mitigation
strategies that can safeguard ecological and
human systems in an uncertain future.

Rainfall is one of the most essential components
of the Earth’s hydrological cycle and plays a
central role in maintaining ecological balance,
agricultural productivity, and water resource
availability. Its occurrence is fundamentally tied
to atmospheric dynamics, arising from complex
interactions among temperature gradients, air
pressure variations, humidity levels, and wind
circulation patterns. These factors jointly
influence cloud development, condensation
processes, and the eventual release of
precipitation (Barry & Chorley, 2010). The
spatial and temporal variability of rainfall is,
therefore, a direct response to dynamic changes
within the atmospheric system.

Atmospheric pressure variations are also crucial
in determining the behavior of cyclonic and
anticyclonic systems, as well as in shaping
broader storm patterns. These systems
significantly affect regional climate behavior by
altering moisture flow and energy distribution.

In  this regard, the key  climatic
elements—temperature, pressure, humidity,
wind, and precipitation—are deeply

interconnected and respond rapidly to changes
in atmospheric dynamics. Rainfall, defined as
the descent of condensed water droplets from
the atmosphere to the Earth’s surface, is a result
of these intricate dynamics. It occurs in various
forms, including convectional, orographic, and
frontal rainfall, each driven by specific
atmospheric conditions.

Several scholars have investigated the variables
that influence rainfall characteristics and
patterns across different geographical zones. For

Journal of Progress in Engineering and Physical Science

instance, Ologunorisa and Alex (2004, 2007)
examined rainfall variability and its driving
forces in Nigeria, while Budnukaeku and Weli
(2022) contributed to understanding the
interplay between atmospheric conditions and
precipitation intensity in coastal regions. These
studies emphasize that rainfall cannot be fully
understood without a detailed examination of
atmospheric processes and their modifications
over time.

In the context of contemporary climate change,
the importance of understanding atmospheric
dynamics has never been more urgent. As the
planet warms due to increased anthropogenic
greenhouse gas emissions, the behavior of the
atmosphere  is  undergoing  measurable
transformations. These changes not only affect
temperature levels but also influence the
distribution and intensity of rainfall,
contributing to environmental risks such as
floods, droughts, and food insecurity. A
comprehensive understanding of atmospheric
behavior is, therefore, essential for accurate
climate  prediction,  environmental  risk
assessment, and the development of effective
mitigation and adaptation strategies (Dessler,
2021).

Atmospheric dynamics govern the movement of
air masses, the redistribution of thermal energy,
and the patterns of moisture transfer, all of
which determine the nature and frequency of
weather events. Alterations in global circulation
systems, such as the weakening of the Hadley
Cell or the shifting of the polar jet stream, have
been linked to the increasing occurrence of
extreme weather conditions. These include
prolonged heatwaves, unusual cold spells, and
disruptions to typical precipitation patterns.
Shaw (2024) highlights the growing body of
evidence linking atmospheric circulation
anomalies with regional climate irregularities,
noting that such shifts affect both precipitation
regimes and surface temperature trends.

Furthermore, the Intergovernmental Panel on
Climate Change (IPCC) has reported that
anthropogenic climate change is inducing
significant alterations in atmospheric circulation.
These changes include modifications in
monsoon behaviors, increased frequency and
intensity of tropical cyclones, and shifting storm
tracks, particularly in mid-latitude regions
(IPCC, 2021). The redistribution of climatic
zones and the changing nature of weather
extremes underscore the far-reaching



consequences  of
dynamics.

disrupted  atmospheric

Cloud formation and distribution—another
important aspect of atmospheric
dynamics—play a central role in Earth’s
radiation budget. Depending on their type,
altitude, and geographical coverage, clouds can
either enhance warming by trapping outgoing
longwave radiation or promote cooling by
reflecting incoming solar radiation. Therefore,
understanding the interaction between cloud
processes and atmospheric motion is crucial for
improving the accuracy of global climate models
and projecting future climate scenarios.

Given the complex and evolving nature of
atmospheric behavior, continued research is
vital. Improved knowledge of atmospheric
processes enhances climate models, enabling
better forecasts and more informed policy
decisions. These insights are especially
important for regions that are highly vulnerable
to climate variability and extreme events.

This paper contributes to this growing field by
exploring the fundamental link between
atmospheric dynamics and climate change. The
goal is to develop a more integrated
understanding of how dynamic processes in the
atmosphere influence, and are influenced by,
global warming. To achieve this, the study
adopts a multidisciplinary approach, combining
empirical data analysis, theoretical climatology,
and model-based simulations.

The specific objectives of the study are as
follows:

1) To analyze the key dynamic processes within
the Earth’s atmosphere that significantly affect
regional and global climate systems.

2) To examine the extent to which anthropogenic
activities—such as fossil fuel combustion,
deforestation, and wurbanization—are altering
these dynamic systems.

3) To propose methodological and policy
recommendations aimed at enhancing climate
resilience through the integration of atmospheric
science into environmental planning and
policy-making.

It is important to note that atmospheric
dynamics form the backbone of the Earth’s
climate system. Their transformation, under the
influence  of  natural  variability @ and
human-induced climate change, has profound
implications for environmental stability, human
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livelihoods, and global sustainability. Bridging
knowledge gaps in this domain is not merely an
academic pursuit—it is a global necessity.

The Effects of Ozone Layer Depletion on
Climate Change and Climatic Elements

The ozone layer, a critical component of the
Earth’s stratosphere, serves as a protective
barrier by absorbing the majority of the sun’s
harmful ultraviolet (UV-B) radiation. Its
depletion—primarily due to human-released
chlorofluorocarbons (CFCs), halons, and other
ozone-depleting substances (ODS) —has
significant implications for global climate
systems. While distinct from greenhouse gas
(GHG)-induced warming, ozone depletion
interacts with and influences Earth’s climate in
complex and consequential ways.

Impact on Climate Change

Ozone depletion contributes to climate change
indirectly by altering atmospheric temperature
structures and disrupting large-scale wind and
weather patterns. Stratospheric cooling, a direct
consequence of ozone loss, impacts atmospheric
circulation, especially in polar regions. This is
most evident in the Southern Hemisphere,
where the Antarctic ozone hole has caused a
poleward shift of the mid-latitude jet stream,
affecting weather systems as far as Australia and
South America (WMO, 2022). Although ozone is
itself a greenhouse gas, its stratospheric
depletion results in cooling at that altitude,
while simultaneously influencing surface
climate through dynamic coupling (Ivy et al.,
2017).

Impact on Earth’s Temperature

The climatic consequences of ozone layer
depletion on temperature are spatially and
vertically variable. Stratospheric ozone loss has
led to significant cooling in the wupper
atmosphere due to reduced absorption of
ultraviolet radiation. This cooling modifies
tropospheric weather patterns by altering jet
stream behavior and temperature gradients. In
Antarctica, this has resulted in localized surface
cooling, particularly during spring, despite the
general trend of global warming caused by
GHGs (Solomon et al., 2016). Such regional

temperature imbalances exacerbate climate
anomalies, particularly in the Southern
Hemisphere.

Impact on Other Climatic Elements

Ozone depletion affects multiple climatic



variables beyond temperature:

Wind and Circulation Patterns: Disruption of the
thermal structure in the stratosphere modifies jet
streams and polar vortex dynamics, shifting
storm tracks and amplifying weather extremes
(Seviour et al., 2017).

Precipitation: The poleward displacement of the
Southern Hemisphere jet stream has led to
reduced precipitation in subtropical regions
such as southern Australia and parts of Chile.

Radiation and Cloud Formation: Increased
surface UV radiation alters cloud microphysics,
surface albedo, and the Earth’s radiation budget,
affecting convection and atmospheric stability
(WMO, 2022).

Biosphere Feedbacks: Higher UV exposure
reduces photosynthetic activity in plants and
phytoplankton, weakening natural
carbon sinks and enhancing global warming
through feedback mechanisms.

marine

Although international initiatives such as the
Montreal Protocol have significantly reduced the
emission of ODS, the legacy of ozone depletion
continues to influence atmospheric processes.
Understanding these effects remains essential
for accurate climate modeling and adaptive
environmental governance.

Anthropogenic Impact on the Dynamic
Atmospheric Environment and Its Climate
Consequences

The dynamic atmospheric  environment
encompasses the constantly evolving state of the
Earth’s atmosphere, governed by interactions
among temperature, pressure, moisture, and
wind systems. Human activities—particularly
since  the  Industrial  Revolution—have
fundamentally altered these natural processes,
resulting in widespread and often irreversible
climatic consequences.

Anthropogenic Influences

Dynamics

on Atmospheric

Greenhouse Gas Emissions: Combustion of
fossil fuels, deforestation, and industrialization
have sharply increased atmospheric
concentrations of CO,, CH,; and N,O. These
gases trap outgoing longwave radiation,
enhance the greenhouse effect, and disrupt
Earth’s radiative balance (IPCC, 2021).

Aerosols and Particulate Matter: Industrial and
biomass emissions release aerosols that
influence solar radiation and cloud formation.
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While some aerosols reflect sunlight and induce
cooling, they also alter cloud microstructure,
affecting rainfall and monsoon systems (Boucher
et al., 2013).

Land Use Changes: Urbanization, agriculture,
and deforestation modify surface albedo, reduce
evapotranspiration, and alter regional wind and
convection patterns.

Ozone-Depleting Substances (ODS): Emissions
of CFCs and halons have significantly depleted
stratospheric contributing to
upper-atmosphere cooling and shifts in jet
stream trajectories (WMO, 2022).

ozone,

Consequences of Anthropogenic Impacts on
Atmospheric Dynamics

Global Warming: Increased GHG concentrations
have led to rising global temperatures,
intensifying the hydrological cycle with more
evaporation, heavier rainfall in some regions,
and prolonged drought in others.

Jet Stream Disruption: Arctic amplification has
weakened the thermal gradient between the
equator and poles, making jet streams more
meandering and slow-moving. This contributes
to extreme weather events like heatwaves, cold
snaps, and floods (Francis & Vavrus, 2015).

Monsoon Variability: Anthropogenic aerosols
and land-use modifications have altered
monsoon timing and intensity, notably in South
Asia and West Africa (Turner & Annamalai,
2012).

Atmospheric Pressure and Wind Shifts: Changes
in sea-level pressure patterns affect trade winds,
storm paths, and cyclonic activity, increasing
coastal risks and infrastructure vulnerability.

Climate Feedbacks: Melting ice lowers surface
albedo, increasing heat absorption and
warming.  Thawing  permafrost releases
methane, accelerating positive climate feedback
loops.

Thematic ~ Analysis and  Discourse on
Atmospheric Dynamics and Climate Change

This section synthesizes findings from a
thematic review of literature, organized into five
interconnected themes:

1) Structure and Function of the Atmosphere

The Earth’s atmosphere—comprising the
troposphere, stratosphere, mesosphere, and
thermosphere—acts as a climate regulator and
shield against solar radiation (Seinfeld & Pandis,
2016). Disruptions in these layers, particularly



the troposphere and stratosphere, directly
influence surface warming, cloud dynamics, and
jet stream positioning. The ozone layer, located
in the stratosphere, plays a pivotal role in
thermoregulation and UV shielding. Depletion
of this layer alters temperature gradients,
modifies the Southern Annular Mode, and can
lead to both regional cooling and global
warming effects.

2) Atmospheric Pressure Systems and Wind
Circulation

Atmospheric circulation systems, including the
Hadley, Ferrel, and Polar cells, shape climate
zones, control precipitation, and influence
temperature distributions (Held & Soden, 2006).
Climate change is disturbing these patterns. The
Hadley Cell is expanding poleward, and the
Polar Vortex is weakening —leading to extreme
events like mid-latitude heatwaves and tropical
droughts (Allen & Ajoku, 2022). Altered jet
stream behavior, especially in the Arctic,
contributes to prolonged weather anomalies and
intensifies  agricultural ~and  ecological
vulnerabilities.

3) Moisture Transport and Rainfall Variability

Rising global temperatures increase the
atmosphere’s moisture-holding capacity,
intensifying the hydrological cycle (IPCC, 2021).
The result is paradoxical: intensified rainfall
events in some regions and extended droughts
in others. This imbalance, driven by dynamic
shifts in wind, evaporation, and sea surface
temperatures, threatens water security, food
production, and disaster resilience.

4) Ozone Layer Interactions

The ozone layer’s influence extends beyond UV
filtration. Its depletion modifies stratospheric
temperatures, alters the positioning of the jet
stream, and disrupts climate regimes, especially
in the Southern Hemisphere. CFCs and related
compounds not only deplete ozone but also act
as long-lived GHGs, thereby contributing to
global warming. Though recovering, the ozone
layer continues to exert residual effects on
Earth’s climate system.
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5) Anthropogenic Drivers
Disequilibrium

of Atmospheric

Human actions remain the primary force behind
current atmospheric disequilibrium. Fossil fuel
use, deforestation, and urban development have
introduced significant radiative imbalances.
Feedback mechanisms—like reduced snow
cover and methane release from thawing
permafrost—exacerbate these effects.
Anthropogenic aerosols have altered cloud
dynamics, while changes in land cover have
disrupted energy budgets and regional wind
systems.

2. Methodology

This study adopts a conceptual, qualitative
approach grounded in secondary data analysis.
A comprehensive literature
conducted  using  databases such as
ScienceDirect, SpringerLink, Google Scholar,
and Web of Science. Thematic content analysis
was employed to extract key insights on
atmospheric processes and climate interactions.
Sources included peer-reviewed articles, IPCC
reports, and satellite datasets from NASA and
NOAA, ensuring a robust and multidisciplinary
synthesis.

review was

Though the study does not conduct new
statistical modeling, it leverages theoretical
frameworks and empirical findings to construct
a holistic understanding of how atmospheric
dynamics shape climate variability.

Ozone layer depletion and anthropogenic
activities have fundamentally altered the
dynamic behavior of Earth’s atmosphere. These
changes manifest in disrupted jet streams,
shifting precipitation belts, altered temperature
gradients, and intensified feedback
loops—factors that are not fully captured in
many climate models. Understanding these
interactions is essential for accurate climate
prediction and effective policy development. As
efforts to restore the ozone layer progress and
global mitigation strategies evolve, integrating
atmospheric dynamics into climate assessments
will be critical for long-term resilience.
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ANTHROPOGENIC IMPACTS
ON ATMOSPHERIC DYNAMICS
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Figure 1. Human Impact on Dynamic Atmosphere

Synthesis of Themes: Interconnectedness and
Implications

The thematic analysis underscores that
atmospheric components do not operate in
isolation; instead, they form a complex and
interdependent system. Wind circulation affects
moisture transport; ozone layer dynamics
influence jet stream behavior; anthropogenic
emissions disrupt thermal gradients across all
atmospheric layers. These interactions create
feedback loops and cascading effects that shape
global and regional climate behavior.

For example, Arctic amplification—driven by
rapid warming in polar regions—has been
linked to the weakening and increased waviness
of the polar jet stream. This, in turn, alters
weather patterns and rainfall distribution across
temperate and tropical zones (Francis & Vavrus,
2015). Similarly, ozone layer depletion has
modified stratospheric temperature gradients,
shifting wind belts and precipitation zones.
These examples illustrate the systemic nature of
atmospheric dynamics, reinforcing the need for
integrated approaches to climate prediction, risk
mitigation, and adaptation policy.

3. Conclusion

The dynamics of the atmospheric environment
are foundational to understanding both the
drivers and impacts of climate change. This
study has explored critical atmospheric
processes—including  circulation  systems,
pressure variations, moisture transport, ozone
dynamics, and anthropogenic
disruptions—through a thematic and conceptual
lens.

The findings affirm that the atmosphere

functions as a tightly coupled system, where
disturbances in one component—whether due to
natural variability or human activity —trigger
wide-ranging and often unpredictable changes.
From the shifting of the Hadley Cell and polar
vortex weakening to intensified rainfall, altered
jet streams, and feedback loops involving
greenhouse gases, it is evident that climate
change involves far more than a linear warming
trend. It represents a broader destabilization of
atmospheric equilibrium.

Recognizing and understanding these dynamic
interactions is imperative—not only for
advancing scientific knowledge but also for
informing climate governance, adaptation
frameworks, and global environmental
resilience strategies. A dynamic, systems-based
perspective is essential to effectively anticipate
and respond to the evolving challenges posed by
climate variability and change.

4. Recommendations

1) Strengthen Climate Education and Public
Awareness

Promote atmospheric and climate literacy
through formal education, public campaigns,
and policy discourse. Increasing awareness of
how atmospheric processes influence weather
and climate can empower communities to
engage with climate action meaningfully.

2) Promote Interdisciplinary Research

Foster collaboration across fields such as
meteorology, climatology, hydrology,
environmental science, and socioeconomics to
better understand the interplay between
atmospheric dynamics and human systems.
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3) Enhance Monitoring and Climate Modeling
Systems

Invest in advanced observation technologies
(satellites, weather stations, remote sensors) and
improve climate models by incorporating
atmospheric dynamics more comprehensively.

Prioritize high-resolution, region-specific
modeling to support localized adaptation
strategies.

4) Implement Stronger Emission Control Policies

Enforce rigorous national and international
emission reduction targets for carbon dioxide,

methane, black carbon, and other
climate-forcing agents. Integrate dynamic
atmospheric  indicators  into  emissions

management and climate policy frameworks.

5) Support Ozone Layer Recovery Initiatives

Reinforce global commitments under the
Montreal Protocol and its amendments,
ensuring sustained reductions in

ozone-depleting substances and continued
monitoring of stratospheric ozone trends.

6) Develop Adaptive Infrastructure and Risk
Planning

Incorporate dynamic climate projections into the
planning of urban, agricultural, and water
infrastructure. Focus on building resilience in
vulnerable regions by aligning development
policies with climate risk assessments informed
by atmospheric dynamics.

References

Allen, R. ]., & Ajoku, O. (2022). The expansion of
the Hadley Cell under climate change:
Recent advances and future directions.
Climate Dynamics, 59(1), 17-34.
https://doi.org/10.1007/s00382-021-05767-4

Barry, R. G., & Chorley, R. ]J. (2010). Atmosphere,
weather and climate (9th ed.). Routledge.

Boucher, O., Randall, D., Artaxo, P, et al. (2013).
Clouds and Aerosols. In Climate Change
2013: The Physical Science Basis. Cambridge
University Press.

Budnukaeku, A.C., and and Weli, V.E. (2022).
Extreme Rainfall Forecast and Flood
Prediction in Equatorial Zone of West
Africa: Port Harcourt, Nigeria in Focus.
Journal of Environmental and Geographical
Studies, 1(1), 56-72.

Collins, M., Knutti, R., Arblaster, J., Dufresne, J.
L., Fichefet, T, Friedlingstein, P, .. &

Wehner, M. (2019). Long-term climate change:
Projections, commitments and irreversibility. In
T. E. Stocker et al. (Eds.), Climate Change
2021: The Physical Science Basis (pp.
1029-1136). Cambridge University Press.

Dessler, A. E. (2021). Introduction to modern
climate change (3rd ed.). Cambridge
University Press.

Francis, J. A., & Vavrus, S. J. (2015). Evidence for
a wavier jet stream in response to rapid
Arctic warming. Environmental Research
Letters, 10(1), 014005.
https://doi.org/10.1088/1748-9326/10/1/01400
5

Francis, J. A., & Vavrus, S. J. (2015). Evidence
linking Arctic amplification to extreme
weather in mid-latitudes.  Geophysical
Research Letters, 42(10), 3505-3510.
https://doi.org/10.1002/2015GL063234

Held, I. M., & Soden, B. ]J. (2006). Robust
responses of the hydrological cycle to global
warming. Journal of Climate, 19(21),

5686-5699.

https://doi.org/10.1175/JCLI3990.1

IPCC. (2021). Climate Change 2021: The Physical
Science Basis. Contribution of Working
Group I to the Sixth Assessment Report of
the Intergovernmental Panel on Climate
Change. Cambridge University Press.
https://www.ipcc.ch/report/ar6/wgl/

Ivy, D. ], Solomon, S., Calvo, N., & Thompson,
D. W. ]. (2017). Observed connections of
Arctic stratospheric ozone extremes to
Northern Hemisphere surface climate.
Environmental Research Letters, 12(2), 024004.
https://doi.org/10.1088/1748-9326/aa5bf5

Lau, W. K. M, & Kim, K M. (2018).
Tropical-extratropical climate interactions
and their influence on the Asian summer
monsoon under changing climate. Current
Climate Change Reports, 4(3), 177-187.
https://doi.org/10.1007/s40641-018-0100-6

NASA Earth Observatory. (2020). Ozone layer and

climate change.
https://earthobservatory.nasa.gov/features/
OzoneClimate

Ologunorisa, T E., and Alexander C. (2004).
Annual thunderstorm fluctuations and
trends in Nigeria. Journal of Meteorology,
29(286), 39-44.

Ologunorisa, T E. and Alexander, C. (2007).



.. _Journal of Progress in Engineering and Physical Science

Diurnal Variation of Thunderstorm Activity
over Nigeria. International Journal of
Meteorology, 32(315), 19-29.

Pidwirny, M. (2006). Atmospheric composition.
In Fundamentals of Physical Geography (2nd
ed.). Retrieved from
https://www.physicalgeography.net

Ramanathan, V., & Feng, Y. (2009). Air pollution,
greenhouse gases and climate change: A
triple threat to global health. Nature, 463,
845-850. https://doi.org/10.1038/463845a

Seinfeld, J. H.,, & Pandis, S. N. (2016).
Atmospheric chemistry and physics: From air
pollution to climate change (3rd ed.). Wiley.

Seviour, W. J. M., Waugh, D. W, &
Gnanadesikan, A. (2017). The impact of
stratospheric ozone depletion on the
Southern Ocean carbon sink. Nature Climate
Change, 7(1), 62-66.
https://doi.org/10.1038/nclimate3187

Solomon, S., Ivy, D. ], Kinnison, D., Mills, M. J.,
Neely, R. R, & Schmidt, A. (2016).
Emergence of healing in the Antarctic ozone
layer. Science, 353(6296), 269-274.

Trenberth, K. E., & Fasullo, J. T. (2013). An
apparent hiatus in global warming? Earth’s
Future, 1(1), 19-32.
https://doi.org/10.1002/2013EF000165

Turner, A. G., & Annamalai, H. (2012). Climate
change and the South Asian summer

monsoon. Nature Climate Change, 2(8),
587-595.

Wallace, J. M., & Hobbs, P. V. (2006). Atmospheric
science: An introductory survey (2nd ed.).
Elsevier.
https://doi.org/10.1126/science.aae0061

World Meteorological Organization (WMO).
(2022).  Scientific ~ Assessment of Ozone
Depletion: 2022. Global Ozone Research and
Monitoring  Project-Report ~ No.  58.
https://ozone.unep.org/science/assessment/
oee2022



