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ABSTRACT

Climate change poses significant environmental, social, and economic challenges in Delta State, Nigeria,
largely due to its low-lying coastal geography and sensitivity to atmospheric variability. This study
examines climate change in Delta State from the perspective of atmospheric physics, focusing on the
physical processes that govern weather patterns, energy balance, and atmospheric circulation, and how
these processes influence observed climatic changes. The abstract highlights key atmospheric drivers such
as greenhouse gas accumulation, radiative forcing, cloud-aerosol interactions, and land-atmosphere
feedbacks that contribute to rising temperatures, altered rainfall regimes, increased frequency of extreme
weather events, and sea level rise in the region. Observational data and theoretical insights from
atmospheric physics reveal increasing surface temperatures, more intense precipitation episodes leading
to flooding, prolonged dry spells, and changes in wind patterns that affect agriculture, water resources,
infrastructure, and human health in Delta State. The role of anthropogenic activities, including gas flaring,
deforestation, urbanization, and industrial emissions, is emphasized as a major factor intensifying
atmospheric instability and disrupting local climate systems. Understanding these processes through
atmospheric physics provides a scientific basis for improved climate modeling, prediction, and adaptation
strategies at the regional level. The study underscores the importance of integrating atmospheric physics
into climate policy, environmental planning, and disaster risk management in Delta State. Such
integration is essential for developing sustainable mitigation and adaptation measures that enhance
resilience to climate change impacts and support long-term environmental and socio-economic
development.

Keywords: Climate change, Atmospheric physics, Delta State, Greenhouse gases, Radiative forcing,
Extreme weather, Environmental sustainability.

INTRODUCTION

Climate change refers to long-term changes in the statistical distribution of weather patterns over periods
ranging from decades to millions of years. It encompasses shifts in temperature, precipitation,
atmospheric composition, and the frequency and intensity of extreme weather events. These changes are
driven by both natural processes and, increasingly, by human activities, especially the emission of
greenhouse gases such as carbon dioxide (CO.), methane (CHa4), and nitrous oxide (N20O), which trap heat
in the Earth’s atmosphere and alter atmospheric dynamics and energy balance. Atmospheric physics is the
branch of geoscience that studies the physical processes and properties of the atmosphere, including
radiative transfer, thermodynamics, atmospheric circulation, and the interaction of aerosols and gases with
solar and terrestrial radiation. Understanding atmospheric physics is essential for interpreting how climate
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systems respond to perturbations such as greenhouse gas increases and land-use changes. According to
Okoduwa, & Amaechi, (2024).

Delta State, located in southern Nigeria within the Niger Delta region, is geographically characterized by
low-lying coastal plains, extensive river networks, freshwater and mangrove swamps, and tropical
rainforest ecosystems. The state’s climate is strongly influenced by its proximity to the Atlantic Ocean
and the West African monsoon system, resulting in high humidity and heavy seasonal rainfall. These
atmospheric conditions are governed by complex interactions among solar radiation, ocean—atmosphere
exchanges, moisture convergence, and regional wind patterns, all core subjects of atmospheric physics.
Akpoduado, & Odiyirin, (2024).

Stott, et al. (2013). Say that the Recent studies indicate that Delta State is experiencing observable
indicators of climate change, including shifts in temperature and rainfall patterns. Analyses of historical
climate data show an increasing trend in mean annual temperatures and fluctuations in rainfall amounts,
which affect seasonal weather distribution and local atmospheric circulation patterns. These changes have
been linked to broader regional and global climatic trends influenced by anthropogenic greenhouse gas
emissions and land-use change. Such climatic shifts are significant not only for the meteorological
character of the state but also for hydrological processes, evapotranspiration rates, and energy balance in
the local atmosphere.

Delta State’s vulnerability to climate change is compounded by its low elevation and coastal setting.
Rising sea levels, a direct consequence of global temperature increases and thermal expansion of the
oceans, have been associated with heightened coastal flooding, shoreline erosion, and saltwater intrusion
into freshwater ecosystems and aquifers, processes that are intimately tied to atmospheric and oceanic
physical systems. Sea air interactions, storm surges, and changes in atmospheric pressure fields further
influence these coastal dynamics, demonstrating the interconnectedness of atmospheric physics and
climate impacts in the region. Moreover, increased frequency and intensity of extreme rainfall events, as
projected under various climate scenarios, heighten flood risk and exacerbate soil saturation, leading to
infrastructure damage and disruptions in agricultural productivity. Ndakara, & Eyefia, (2024).

Delta State’s socioeconomic systems heavily dependent on agriculture, fisheries, and natural resources,
are consequently under pressure from climatic shifts. Variations in rainfall and temperature regimes alter
growing seasons, soil moisture conditions, and crop yields. Livelihood strategies and adaptation responses
among rural farming communities are increasingly shaped by these changing atmospheric conditions,
including the adoption of climate-resilient practices to manage uncertainties in weather patterns.
According to Akpoduado, (2024).

In summary, climate change in Delta State is not only an environmental phenomenon but also a physical
atmospheric process with profound implications for the state’s ecosystem services, human well-being, and
sustainable development. Understanding the atmospheric physics that drives these changes is critical for
effective climate modeling, prediction, and mitigation planning in the region.

Statement of the Problem

Delta State, located within the low-lying Niger Delta region of southern Nigeria, is highly vulnerable to
the impacts of climate change due to its equatorial climate, extensive coastline, rich wetlands, and
dependence on climate-sensitive livelihoods such as agriculture and fishing. Recent scientific studies have
documented clear signs of climatic variability within the Niger Delta, including increasing rainfall
intensity, rising minimum and maximum temperatures, and more frequent extreme weather events,
indicators consistent with global climate change trends.

Despite these observed changes, there remains a critical gap in understanding the atmospheric physical
processes that drive these climate dynamics and their localized impacts in Delta State. Climate science,
particularly atmospheric physics, elucidates how energy exchanges, greenhouse gas concentrations,
atmospheric circulation, and radiative forcing contribute to regional weather and climate patterns.
However, empirical data on how these fundamental atmospheric processes are changing over Delta State
and how they interact with local environmental and anthropogenic factors is limited. This lack of detailed
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atmospheric physics research hinders accurate modelling of future climate scenarios and constrains the
development of context-specific adaptation strategies.
The physical manifestations of climate change in Delta State include increasing rainfall variability and
extreme precipitation, which exacerbate flooding in riverine and coastal communities; rising
temperatures, which affect evapotranspiration and crop water stress; and sea-level rise and coastal
erosion, which threaten low-lying settlements and ecosystems. Yet, quantitative assessments of changes in
atmospheric parameters such as atmospheric temperature profiles, humidity trends, tropospheric
dynamics, and radiative balance remain sparse. Without such foundational atmospheric physics insights,
researchers and policymakers cannot precisely attribute observed climate impacts to specific drivers,
predict the severity of future climate extremes, or devise robust mitigation and adaptation plans tailored to
Delta State’s unique climatic context.
Compounding this scientific gap is the socio-economic vulnerability of Delta State’s population, many of
whom depend on rain-fed agriculture and fisheries for livelihoods. Variability in atmospheric conditions
contributes to unpredictability in seasonal rainfall and increases the risk of crop failure, reduced
productivity, food insecurity, and displacement due to flooding, yet effective early warning systems and
adaptive planning tools are lacking.
Furthermore, anthropogenic activities such as gas flaring, land degradation, and pollution add complexity
to the atmospheric system by altering atmospheric composition and energy budgets, yet the quantitative
influence of these local factors on regional atmospheric physics remains under-investigated.
This research, therefore, seeks to address the scientific and practical problem of inadequate integration of
atmospheric physics into climate change assessments for Delta State, which limits predictive accuracy,
undermines resilience planning, and impedes evidence-based policy formulation in the face of
accelerating climate change.
Purpose of the Study
The main purpose of this study is to examine climate change and atmospheric physics in Delta State,
Nigeria. Specifically, the study seeks to:
1. Assess trends in key atmospheric variables (temperature, rainfall, humidity, and wind patterns) in
Delta State over recent decades.
2. Examine the influence of atmospheric physical processes on observed climate variability and
extreme weather events in Delta State.
3. Determine the impact of climate change on environmental and socio-economic systems (such as
agriculture, health, and coastal ecosystems) in Delta State.
4. Analyze the contribution of human activities (gas flaring, industrial emissions, urbanization, and
deforestation) to atmospheric changes in Delta State.
5. Evaluate adaptation and mitigation strategies relevant to atmospheric and climate challenges in
Delta State.
Research Questions
The following research questions guide the study:
1. What are the observable trends in atmospheric variables (temperature, rainfall, humidity, and
wind) in Delta State over time?
2. How do atmospheric physics processes influence climate variability and extreme weather events
in Delta State?
3. What effects does climate change have on the environment and socio-economic activities in Delta
State?
4. To what extent do anthropogenic activities contribute to atmospheric changes and climate
variability in Delta State?
5. What adaptation and mitigation measures are most effective in addressing climate change impacts
in Delta State?
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Research Hypotheses

The hypotheses are stated in null form (Ho) for statistical testing:

Hoi: There is no significant change in atmospheric variables (temperature, rainfall, humidity, and wind
patterns) in Delta State over time.

Ho:: Atmospheric physics processes have no significant influence on climate variability and extreme
weather events in Delta State.

Hos: Climate change has no significant impact on environmental and socio-economic systems in Delta
State.

Hos: Human activities do not significantly contribute to atmospheric changes and climate variability in
Delta State.

Hos: Adaptation and mitigation strategies have no significant effect on reducing the impacts of climate
change in Delta State.

Significance of the Study

The study of Climate Change and Atmospheric Physics in Delta State holds profound scientific, socio-
economic, environmental, and policy relevance due to the region’s unique geographic position and
climate vulnerability. Delta State, located in the oil-rich Niger Delta region, experiences distinct climatic
challenges such as rising temperatures, changing rainfall patterns, increased greenhouse gas emissions,
and extreme weather events that have broad implications for ecosystems, human livelihoods, and
infrastructure.

1. Advancing Scientific Understanding of Local Climate Dynamics

Delta State’s climate is governed by complex atmospheric processes, including temperature variability,
humidity fluctuations, and rainfall dynamics. Studies show increasing temperature trends and changing
rainfall regimes in the region, which are important indicators of climate change at the local scale. For
example, research on climatic variables in Delta State highlights significant trends in temperature and
rainfall, providing a basis for understanding ongoing climate shifts in tropical coastal zones.

Investigating atmospheric physics such as radiative balance, heat exchange, and greenhouse gas
concentrations enhances understanding of how global climate change translates into local atmospheric
responses. Such knowledge strengthens predictive capabilities for future climatic conditions and
contributes to the broader field of regional climate modelling.

2. Supporting Environmental and Public Health Management

Delta State’s environmental systems, including coastal wetlands, mangrove forests, and estuarine
ecosystems, are extremely sensitive to climatic variations. Changes in atmospheric composition and
physics directly affect air quality, heat stress, humidity, and cloud formation processes—factors that
influence human health and disease prevalence.

Atmospheric physics research sheds light on how pollutants and greenhouse gases interact with
meteorological conditions, potentially worsening air quality and respiratory health. Studies indicate that
atmospheric pollutants significantly influence local climatic conditions, underscoring the need for
integrated climate and air quality research.

3. Informing Agricultural and Economic Planning

Delta State’s predominantly agrarian economy is highly climate-dependent. Variations in temperature and
rainfall affect crop vyields, pest dynamics, and planting calendars. Climate change trends such as
increasing temperature and erratic rainfall pose critical threats to agricultural productivity. Long-term
climate observations from the region indicate rising temperature trends that could reduce agricultural
output if not properly managed.

By linking atmospheric physics to climate change, researchers can generate actionable data for strategic
agricultural planning, adaptation of crop varieties, and climate-smart farming interventions.

4. Guiding Disaster Risk Reduction and Climate Resilience Strategies

Delta State is susceptible to extreme weather events—such as flooding from heavy rainfall, coastal
inundation, and high humidity that are projected to increase under climate change scenarios. Research on
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extreme events in the broader Niger Delta suggests increasing rainfall intensity and flood risk under
future climate projections.
Understanding the atmospheric processes underlying these events is essential for designing early warning
systems, flood control infrastructure, emergency response planning, and climate adaptation policies at
both state and local government levels.
5. Supporting Policy Formulation and Sustainable Development Goals (SDGs)
Findings from studies on climate change and atmospheric physics provide empirical evidence to support
environmental policy and climate action in Delta State. Sound scientific data informs policymakers on
mitigation priorities, such as reducing greenhouse gas emissions, integrating climate change into
development planning, and meeting Nigeria’s commitments under international frameworks like the Paris
Agreement.
Furthermore, climate research aligns with several SDGs, including:

e SDG 13 (Climate Action) by generating data for climate adaptation and mitigation;

e SDG 2 (Zero Hunger) by safeguarding food systems against climatic risks;

e SDG 3 (Good Health and Well-Being) by addressing climate-sensitive health outcomes.
6. Enabling Community Awareness and Resilience Building
Local communities in Delta State are among the most vulnerable to climate impacts due to dependence on
natural resources and limited adaptive capacities. Research findings on climate change encourage
community education, capacity building, and local adaptation strategies such as improved land use
practices, climate-responsive infrastructure, and sustainable fishing and farming methods.

Literature review
Climatic Trends in Delta State
Delta State, located in the Niger Delta region of southern Nigeria, experiences a tropical monsoon climate
with two major seasons: a rainy (wet) season and a dry season. The wet season generally runs from April
to November, while the dry season spans December to March. The state’s geographic features, including
rainforest, mangrove swamps, and low-lying plains, influence its climatic patterns. IPCC. (2021).
o Rainfall: Average annual rainfall ranges from about 1,910 mm in the northern parts of the state to
about 2,670 mm in coastal areas.
e Temperature: Mean daily temperatures are moderately high year-round, with peaks around late
March April (~29.7°C-33.6°C) and lower values (~20.9°C-24.5°C) between July and September.
e Humidity & Sunshine: The state experiences very high relative humidity (especially during the
wet season) and fluctuating sunshine hours, with more sunshine during the dry season and
reduced sunlight during peak rains.
2. Observed Climatic Trends in Delta State
A. Temperature Trends
Multiple climate analyses indicate a clear warming trend in Delta State:
e A recent study (1983-2023) shows a significant increase in temperature, confirmed statistically
using the Mann—Kendall trend test.
o Similarly, other analyses report increasing mean annual temperature values over decades,
consistent with broader trends of rising atmospheric temperatures due to climate change.
e Projections of future conditions also suggest continued temperature increases through 2050,
which may exacerbate heat stress on agriculture and ecosystems.
Temperature is rising in Delta State a trend that aligns with wider global and regional warming patterns
attributed to climate change.
B. Rainfall Trends & Variability
Rainfall behaviour in Delta State is more complex than temperature:
e Long-term rainfall trends show mixed signals; some studies find no statistically significant trends
in annual rainfall across monitoring stations, although monthly variations are evident.

13



Pessu ..... Int. J. Innovative Environ. Studies Res. 13(1):9-20, 2025

o In other research, rainfall decreased in certain areas but was not statistically significant across the
entire state.
e Some projections suggest increasing rainfall values in the future, though this depends heavily on
climate models and emissions scenarios.
Interpretation: Rainfall patterns are variable and spatially uneven, with significant inter-annual
fluctuation. While there is no clear consensus on an overall increase or decrease yet, changes in rainfall
timing, intensity, and distribution are noteworthy trends.
C. Seasonal and Extreme Event Changes
Climatic trends in Delta State also include:
Seasonal Shifts
e The onset and cessation of rainy/dry seasons may be changing, with greater unpredictability in
rainfall timing compared to historical norms a pattern often associated with climate variability.
o The length and intensity of the rainy season can vary, affecting soil moisture, agriculture, and
hydrological systems.
Extreme Weather Events
o Delta State being part of the Niger Delta is prone to flooding, coastal inundation, and erosional
impacts linked with heavy rainfall events and sea-level influence.
e More broadly across Nigeria, record flood events have been documented in recent years,
supporting evidence of heightened climatic extremes under climate change.
3. Climatic Drivers and Influences
The observed trends in Delta State are influenced by several climatic drivers:
o Global warming and greenhouse gas increases, which raise baseline temperatures.
e West African monsoon dynamics and the Intertropical Convergence Zone (ITCZ) seasonal shifts
that govern rainfall onset and intensity in southern Nigeria.
o Sea-surface temperature changes and coastal processes that affect humidity, precipitation, and
flood risk.
o Anthropogenic impacts such as urbanization and land-use change may locally alter microclimates
and heat retention.
4. Impacts and Implications
Climatic trends in Delta State have significant environmental and socioeconomic implications:
A. Agriculture
o Temperature increases and erratic rainfall patterns affect crop scheduling, yields, and food
security. Farmers face uncertainty in planting and harvesting cycles.
B. Water Resources
o \Variations in rainfall distribution impact water availability, quality, and ecosystem functioning.
C. Flooding & Coastal Risks
e High rainfall intensities and sea-level rise contribute to flooding risks. Riverine and coastal
communities face infrastructure damage and livelihood disruption.
D. Health & Livelihoods
e Heat stress, humidity changes, and flooding can affect human health, disease vectors, and
economic activities such as fishing and agriculture.

Climate Change

Climate change refers to long-term shifts in the statistical distribution of weather patterns — including
temperature, precipitation, and wind over periods ranging from decades to millions of years. The current
warming trend is mainly caused by human activities that increase atmospheric concentrations of
greenhouse gases (GHGs) like CO2, CHa, and N20O, which trap heat in the lower atmosphere and cause
global temperatures to rise. Wilcox, & Allen, (2015).

Scope & Impacts:

Climate change affects:

14



PessuU ..... Int. J. Innovative Environ. Studies Res. 13(1):9-20, 2025

Temperature: Rising global average surface temperatures, particularly since the industrial era.
Rainfall Patterns: Variability in rainfall wetter in some regions, drier in others.
Ecosystems & Biodiversity: Altered habitats and species distribution.
Socioeconomic Systems: Food security, water resources, health, displacement, and economic
disruption.
In Nigeria, climate change has already contributed to drought, desertification, erratic rainfall, floods, and
rising sea levels.
2. Atmospheric Physics
Atmospheric physics is the branch of Earth science that studies the physical properties and processes of
the atmosphere, including radiation balance, thermodynamics, fluid dynamics, and atmospheric
composition. It provides the scientific basis for understanding weather, climate, and climate change
mechanisms.
Relevance to Climate Change:
It explains how:
e Solar radiation enters the atmosphere and how terrestrial radiation is absorbed and re-emitted by
atmospheric gases.
e Energy balance between incoming and outgoing radiation determines global temperature.
o Atmospheric phenomena like feedback processes (e.g., water vapor amplification) influence
warming.
Understanding these processes is essential for climate models that predict future climate patterns.
3. Delta State (Nigeria) and Climate Dynamics
Geography & Climate:
Delta State, located in the Niger Delta region of southern Nigeria, has a tropical rainforest, freshwater
swamp, and mangrove swamp climate, characterized by high rainfall and periodic flooding.
Climate Change Impacts in Delta State & the Niger Delta:
The low-lying geography makes the region particularly vulnerable to climate change risks such as:
o Flooding: Seasonal and extreme flooding threatens farmlands, settlements, and infrastructure.
e Sea-level rise and coastal erosion: Inundation of coastal zones and salinization of freshwater
resources.
e Temperature and rainfall variability: Increased unpredictability affecting agriculture and
livelihoods.
o Environmental degradation: Gas flaring and oil spill pollution worsen air quality and
ecosystem health.
Climate change intersects with existing environmental stresses pollution from oil extraction and
gas flaring amplifying risks to vulnerable communities.
4. Greenhouse Gases
Greenhouse gases are atmospheric gases that trap heat by absorbing infrared radiation emitted from
Earth’s surface. Major GHGs include carbon dioxide (CO:), methane (CH4), nitrous oxide (N20), and
water vapor (H:0).
Sources:
o Fossil fuel combustion (vehicles, industry)
o Deforestation and land use change
e Gas flaring (especially significant in the Niger Delta)
e Agricultural activities
GHGs form a “thermal blanket,” warming Earth’s surface beyond natural levels — known as the
enhanced greenhouse effect.
Regional Note (Niger Delta):
Studies show measurable concentrations of CO:, NO:, and SO: in the Niger Delta, reflecting
anthropogenic emissions from oil and gas activities.
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5. Radiative Forcing
Concept:
Radiative forcing quantifies the change in Earth’s energy balance due to external drivers, such as
changes in GHG concentrations, aerosols, surface reflectivity (albedo), or solar irradiance. It’s expressed
in watts per square meter (W/m2).
o Positive radiative forcing (from increased GHGs) — net energy gain, warming.
e Negative radiative forcing (from reflective aerosols) — net energy loss, cooling.
This metric helps scientists compare the relative influence of different climate drivers and
understand how specific changes (like CO: increases) affect climate.
6. Extreme Weather
Definition:
Extreme weather refers to unusual, severe, or unexpected weather events, often outside the historical
normal range, such as heatwaves, heavy rainfall, storms, and floods.
Climate Change Link:
As the climate warms:
e Heatwaves become more frequent and intense due to increased energy in the atmosphere.
e Heavy rainfall events intensify due to increased moisture capacity of a warmer atmosphere.
e Flooding and drought extremes become more common due to disrupted atmospheric circulation
patterns.
Local Impacts in Nigeria/Niger Delta:
Annual flooding events frequently affect communities in Delta State and surrounding Niger Delta states,
displacing populations and damaging ecosystems and infrastructure.
7. Environmental Sustainability
Environmental sustainability involves managing natural resources and ecosystems in ways that maintain
ecological integrity and support human well-being over the long term. Sustainable systems aim to balance
environmental protection, economic development, and social equity.
Key Principles:
o Resource efficiency: Minimize waste and protect natural capital.
e Pollution control: Reduce emissions of GHGs and toxic pollutants.
e Resilience & adaptation: Build community capacity to withstand climate impacts (e.g., flood
defenses, diversified livelihoods).
e Policy & governance: Integrate climate considerations into planning and development goals.
Relevance to Delta State & Niger Delta:
Sustainable development here requires policies that address:
¢ Climate adaptation: e.g., flood mitigation and resilient infrastructure planning.
o Emission reduction: Reducing gas flaring and expanding clean energy.
e Community livelihoods: Supporting adaptive practices in agriculture, fishing, and coastal zone
management.
Integration with global frameworks like the UN Sustainable Development Goals (SDGSs) can help
guide sustainable climate action.
Temperature Changes
Several studies indicate an upward trend in temperature across Delta State. A recent analysis using
CHIRPS and ERA5 Land datasets (1983-2023) shows a statistically significant increase in average
temperature trends in several local areas within the state.
Furthermore, studies that differentiate urban and rural climates show that urban centers in Delta State
exhibit higher temperatures and greater diurnal temperature ranges (DTR), consistent with urban heat
island effects.
Rainfall Patterns
While rainfall trends are more spatially variable, analyses suggest a general decline in rainfall over some
parts of the state, although not always statistically significant. Projections for the broader Niger Delta
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indicate potential increases in extreme rainfall events under future climate scenarios, raising concerns
about flood risk. Ofuoku, & Okompu, (2022).

Greenhouse Gas Distribution

Work on regional greenhouse gas distribution in the Niger Delta—including Delta State—points to
elevated emissions linked to fossil fuel activities, especially gas flaring and combustion. These emissions
affect local atmospheric composition and radiative forcing, key concerns in atmospheric physics.

Related research also uses geospatial techniques to quantify CO. emissions and assess their impacts on
sea surface temperatures and marine ecosystems as indicators of climate change.

Pollutants and Local Climate

Concentrations of atmospheric pollutants like ozone (Os), nitrogen dioxide (NO:), and particulate matter
have measurable effects on local energy balance, influencing temperature and humidity profiles. One
study focused on pollutant concentrations and their correlation with local climate parameters in Delta
State, highlighting the interplay between air quality and climate dynamics.

Adaptation and Vulnerability

Communities in Delta State perceive climate change through observed shifts in rainfall onset/cessation,
temperature increases, and changes in sunshine hours. Adaptive strategies ranging from migration to
changes in farming practices are already emerging among local populations.

Another study emphasizes the spatial distribution of climate vulnerability across ecological zones within
Delta State. Areas like Warri North and Burutu exhibit high vulnerability due to temperature exposure and
low adaptive capacity.

Economic and Livelihood Impacts

Research focusing on local economic activities demonstrates that climate change affects agriculture,
fisheries, and community well-being. For instance, perceived climate impacts on farming practices are
linked to adaptation decisions like seasonal migration.

DISCUSSION

Delta State’s climate evolution reflects broader global trends of increasing temperatures and changing
precipitation regimes. Atmospheric physics plays a central role in understanding these changes through
the study of thermodynamic processes, energy balance, and greenhouse gas interactions. Local factors
such as oil and gas exploitation, urbanization, and land use change compound these effects, amplifying
climatic responses and their socioeconomic consequences.

Integrating atmospheric modelling with high-resolution observational data (e.g., reanalysis datasets)
enhances our understanding of regional climate dynamics and can guide adaptation planning in sectors
like agriculture, infrastructure, and disaster management. Onwosi, et al. (2022).

CONCLUSION

Delta State is experiencing discernible climatic shifts with implications for atmospheric physics,
environmental stability, and livelihoods. Key trends include rising temperatures, complex rainfall
variability, and elevated greenhouse gas concentrations driven by local and global forces. Addressing
these challenges requires robust climate monitoring, interdisciplinary research, and policy frameworks
that integrate atmospheric science with socioeconomic resilience strategies.

RECOMMENDATIONS

Policy and Governance

Formulate a Delta State Climate Action Plan

Delta State should develop an integrated Climate Action Plan that aligns with Nigeria’s National Climate
Change Policy and National Adaptation Strategy and Plan of Action (NASPA-CCN).
* Such a plan should encompass mitigation (GHG reduction) and adaptation (resilience building) across
sectors such as agriculture, water, energy, health, and infrastructure.
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Mainstream Climate Change into Sectoral Planning
Climate considerations must be embedded in all state sector strategies urban development, agriculture,
disaster risk reduction, and education to ensure policies account for atmospheric physics drivers (e.g.,
rainfall variability, extreme weather).
Atmospheric Physics-Based Monitoring & Research
Establish Robust Climate Monitoring Networks
To understand atmospheric dynamics (e.g., rainfall extremes, temperature trends, humidity changes),
Delta State should invest in a network of meteorological stations and remote sensing systems that feed
into regional climate models.
Why this matters:

o Atmospheric data is essential to forecast extreme events (heat waves, floods) and drive

evidence-based responses.
o It also improves understanding of patterns like shifts in precipitation intensity, critical in the
Niger Delta’s low-lying areas.

Collaborate with Universities & Research Institutes
Partnerships with institutions (e.g., Delta State University, Nigerian Meteorological Agency) can expand
research in atmospheric physics fields, such as:

o rainfall projection models

e coastal surge modeling

e impact of gas flaring on local micro-climates.
These collaborations generate local climate science capacity essential for informed decision-making.
Climate Resilience & Adaptation
Improve Flood and Coastal Erosion Management
Delta State is highly vulnerable to sea-level rise and extreme rainfall, increasing flood risk and coastal
erosion.

e Invest in climate-resilient infrastructure (coastal reinforcements, upgraded drainage).

e Implement sedimentation enhancing strategies to help land elevation keep pace with rising seas.

e Support natural barriers like mangrove restoration to reduce wave impact and erosion.
Enhance Agricultural Adaptation
Rural farmers are already altering practices in response to climate change.
Actions should include:

o Climate-smart agriculture (water-efficient irrigation, drought-tolerant seeds).

e Training on adaptive crop calendars based on atmospheric forecasts.

o Strengthening agricultural extension services, which currently lack capacity and resources.
Strengthen Community-Led Adaptation
Allow local perceptions and strategies to inform broader planning. For example, indigenous farming
adaptations and traditional flood avoidance practices can be integrated into policy.
Mitigation & Emissions Reduction
Reduce Gas Flaring and GHG Emissions
Gas flaring contributes disproportionately to CO: and methane emissions, impacting atmospheric
chemistry and local air quality.

o Enforce existing laws on gas flaring and adopt gas utilization programs.

o Partner with federal agencies on flare capture and utilisation projects.
Promote Renewable Energy
Expand investments in solar, biomass, and wind energy to reduce reliance on diesel generators and fossil
fuels.
Education, Awareness & Institutional Capacity
Build Atmospheric Literacy
Public awareness programs on atmospheric processes (heat budgets, greenhouse effect) support
community engagement with climate action.
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Strengthen Extension & Disaster Agencies
Provide training, tools, and incentives to extension agents and disaster management authorities to
disseminate climate data effectively.
Data, Technology & Forecasting
Leverage Geospatial Technologies
Use satellite data to monitor land cover change, coastal dynamics, and environmental degradation.
Develop Local Climate Modeling Capabilities
Invest in local climate modeling centers to interpret atmospheric data and produce regional forecasts for
decision-making.
Finance & Partnerships
Access Climate Finance
Delta State should pursue funds from:
e Green Climate Fund (GCF)
e Adaptation Fund
o Bilateral climate programs
These can underwrite adaptation infrastructure, early warning systems, and research labs.
Public-Private Partnerships
Collaborate with private sector actors to fund renewable energy, waste management, and resilient
infrastructure.
Cross-Sector Integration
Disaster Risk Reduction & Early Warning
Integrate atmospheric observation systems with community alert mechanisms to improve readiness for
extreme rainfall and floods.
Ecosystem-Based Adaptation
Protect and restore ecosystems (wetlands, forests, mangroves) that regulate atmospheric processes and
provide buffers against climate impacts.
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