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Abstract- Climate change is an escalating global crisis, 

primarily driven by anthropogenic greenhouse gas 

emissions. Its impacts—ranging from rising temperatures 

and sea-level rise to extreme weather events—pose 

serious threats to biodiversity, agriculture, water 

resources, and public health. This review examines the 

global and Indian contexts of climate change impacts and 

highlights key adaptation strategies. Globally, countries 

are implementing nature-based solutions, early warning 

systems, and climate-smart agriculture to reduce 

vulnerabilities. In Nigeria, initiatives such as the National 

Action Plan on Climate Change (NAPCC), State Action 

Plans, and community-based programs  aim at building  

resilience across sectors. Despite progress, challenges 

such as financial constraints, policy fragmentation, and 

social inequity limit adaptation effectiveness. The study 

emphasizes the need for integrated, inclusive, and 

science-based adaptation policies that address both local 

and global climate risks while promoting sustainable 

development.  
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I. INTRODUCTION 

 

Climate change is a critical global challenge, driven 

primarily by anthropogenic greenhouse gas (GHG) 

emissions from fossil fuel combustion, deforestation, 

and industrial activities (IPCC, 2023). Global 

temperatures have risen by approximately 1.1°C 

above pre-industrial levels, contributing to increased 

frequency of extreme events such as heat waves, 

floods, droughts, and sea level rise (Seneviratne et al., 

2021). These impacts threaten ecosystems, human 

health, agriculture, water resources, and overall 

economic stability. Adaptation has become essential, 

especially in vulnerable regions where the effects of 

climate change are already evident. Adaptation 

strategies involve modifications in natural and human 

systems to minimize climate-related harm or exploit 

potential benefits (UNFCCC, 2023). These include 

early warning systems, climate-resilient 

infrastructure, sustainable agriculture, and 

ecosystem-based approaches (Seddon et al., 2020). 

India, with its vast population and diverse geography, 

faces unique climate risks such as monsoon 

variability, glacial retreat, and rising sea levels. 

Programs like the National Action Plan on Climate 

Change (NAPCC) aim to build resilience across 

sectors (MoEFCC, 2020). This review assesses the 

global and national impacts of climate change, 

evaluates current adaptation strategies, and identifies 

policy and research gaps, emphasizing the need for 

inclusive, science-based solutions. 

 

Climate change and environmental destruction are 

interconnected threats to the future of our planet these 

have arisen because, among others, the growing 

global population is preoccupied with the current race 

for development, often overlooking the drastic 

changes in natural systems and their associated 

consequences. In fact, since the Industrial 

Revolution, natural resource extraction and the use of 

fossil fuels have been the backbone of global 

economic systems, and urbanization, intensification 

of agriculture, and other land-use changes have 

prevailed over deforestation, leading to widespread 

environmental change. Notably, burning fossil fuels 

for transportation, electricity, and heating has 

increased greenhouse gas (GHG) emissions and 

affected global temperature and precipitation 

patterns. The average global temperature in 2022 was 

about 0.86 °C higher than the 20th-century average 

(13.9 °C). This was the 46th year in a row (since 

1977) that global temperatures have exceeded the 

20th-century average. Moreover, the precipitation 

pattern has changed globally. Climate change is now 

a pressing concern, and its effects are manifesting 

around the world in the form of severe weather events 

and related disasters, including forest fires in 

Australia and the United States, accelerated melting 

of high-latitude ice sheets, and sea-level rise, 

alterations of river flow regimes, extreme rainfall in 

China, droughts in South Africa, and the extinction 

of species, as well as the emerging and transmission 
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of infectious diseases, to name a few. Because 

climate change threatens humans and the 

environment, it is crucial to find ways to adapt to and 

mitigate its effects before it becomes irreversible. 

 

There is a growing consensus among experts that 

climate change adaptation strategies are essential 

alongside mitigation strategies to address the 

challenges of global warming. This is because even 

if all anthropogenic emissions were abruptly stopped, 

the climate would still change. Since it will take 

decades for climate change mitigation efforts to have 

a noticeable impact on rising temperatures, it is 

imperative to transform global systems to adapt to the 

changes that are already occurring and will persist in 

the foreseeable future. This may require developing 

and adopting strategies across all global development 

systems to adapt and build resilience to climate 

change. These strategies include, for example, 

building coastal sea walls to protect coastal 

communities from rising sea levels or developing 

drought-resistant crops to combat water scarcity. To 

prepare for extreme weather events, we may take 

advantage of using artificial intelligence (AI), high-

resolution monitoring and simulation, and satellite-

based remote sensing to develop Earth system and 

climate models based on current and historical data 

and records that can reveal the frequency and severity 

of these events, These models may be used to predict 

when and where future extreme weather events will 

occur, as well as to predict the magnitude of their 

impact, and thus, also to protect people and nature in 

high-risk areas, provided that respective warning 

systems are in place. Crucially, adapting to the effects 

of climate change entails raising people’s awareness 

of how to cope with these effects, increasing their 

ability to respond, and reducing their overall risk and 

vulnerability. Also crucial is the collaboration of 

citizens, researchers, and policymakers on specific 

climate change adaptation measures to be taken at 

different levels. 

 

1.1 Historical Overview of Climate Change: 

The widespread recognition of the anthropogenic 

concept reflects the fact that human activities are now 

the predominant factor influencing Earth's climate 

and that the fate of all ecosystems depends on the 

mercy of humans. This, in turn, strongly affects the 

future of humanity. Throughout Earth's history, the 

climate has changed due to a variety of factors 

including changes in solar irradiance, movements of 

tectonic plates, magmatic activity from the extent of 

the sporadic Pinatubo eruption of 1991 to the 

eruption of the Siberian Traps 252 million years ago, 

changing Earth’s orbital parameters, continental 

collisions and uplift of mountains and plateaus, 

changes of ocean currents and gateways, and changes 

in atmospheric composition. 

 

1.2 Biosphere  

The biosphere is severely impacted by climate 

change. Two of the most widely discussed changes in 

the biosphere are shifts of biomes towards the Polar 

Regions or higher elevations and changes in plant, 

microbial, and animal phenology. The shifts of plant 

species towards the pole or higher elevation are 

especially pronounced as the cold regions or high 

elevations become warmer and more suitable for their 

growth, with changes in plant productivity, mortality, 

recruitment, and greenness starting along the climatic 

margins of the concerned biome. As a result of 

climate change, the forest biome, for example, 

expands its range or simply shifts its distribution 

towards the pole or higher elevation as the lower 

latitude or elevation regions become too hot or dry 

for tree growth. In the northern hemisphere, 

evergreen forests are expanding into areas currently 

occupied by tundra, while grasslands or temperate 

forests are replacing evergreen forests at the southern 

edge of the boreal forest biome. The species that 

expand their range are more responsive to climate 

change and more mobile. On the other hand, species 

that are less responsive to climate change, or mobile 

or have slower rates of niche divergence, may shrink 

their geographical distribution as they are 

outcompeted by other species that expand their range. 

Range shifts can lead to the loss of some species in 

certain areas and the arrival of new species in others.  

 

1.3 Climate Change Evidence in Earth’s Spheres 

Atmosphere: 

 Natural and anthropogenic emissions determine the 

composition of the atmosphere, and the basic 

structure of the Earth-atmosphere climate system 

accounts for the coupling between the atmosphere 

and climate change. Apart from the variable amounts 

of water vapor, more than 99.9% of the other 

molecules in the Earth’s atmosphere consist of 

nitrogen, oxygen, and chemically inert noble gases. 

Most of these gases have been at nearly constant 

levels for the past billion years. The remaining 

atmospheric constituents, representing less than 0.1% 

of the atmospheric molecules, including CO2 and 

CH4, influence several crucial atmospheric 
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processes. Since the Industrial Revolution, human 

activities have increased GHGs, reaching values of 

410 ppm for CO2, 1866 ppb for CH4, and 332 ppb 

for N2O in 2019.86 CO2, the chemical feedstock for 

photosynthesis, is an important factor in the Earth’s 

radiation balance. In the period 1850-2019, a total of 

2390 ± 240 GtCO2 of anthropogenic CO2 was 

emitted. Gases and particulate matter released into 

the atmosphere are transported by winds. Their 

radiative absorption influences the atmosphere’s 

temperature structure and climate. The 0.6 ℃ 

increase in global surface air temperature during the 

20th century has been predominantly attributed to the 

increasing atmospheric concentration of GHG, which 

has also led to substantial changes in the mesosphere, 

thermosphere, and ionosphere, including thermal 

contraction of these layers. Based on current 

measurements of climate-sensitivity, an increase in 

atmospheric CO2 results in a temperature increase of 

~1 ℃ per 100 ppm CO2. 

The stratospheric ozone layer is a region of the 

Earth's atmosphere that contains high concentrations 

of ozone. This layer plays a vital role in protecting 

life on Earth from the harmful effects of ultraviolet 

radiation from the sun. The ozone layer absorbs most 

of the sun's harmful ultraviolet radiation, preventing 

it from reaching the Earth's surface and causing 

damage to organisms. However, since the 1970s, 

scientists have observed a significant decrease in the 

amount of ozone in the stratosphere. This depletion 

was primarily caused by human-made chemicals 

called chlorofluorocarbons (CFCs), which were 

widely used as refrigerants, solvents, and propellants 

in aerosol cans. When released into the atmosphere, 

CFCs rise to the stratosphere, where they are broken 

down by ultraviolet radiation, releasing chlorine 

atoms that react with and destroy ozone molecules. 

The depletion of the stratospheric ozone layer is 

closely linked to climate change. Changes in the 

amount of ozone in the stratosphere can affect 

atmospheric temperatures and circulation patterns, 

ocean currents, and the Earth's carbon cycle. 

Furthermore, concentrations of tropospheric ozone, a 

secondary air pollutant, have increased in the 

Northern Hemisphere from 10 to 15 ppb in pre-

industrial times to ~50 ppb today, causing premature 

deaths and threatening food security. 

 

II. CLIMATE CHANGE IMPACTS 

 

Global Perspective of climate change is transforming 

the earth’s climate system at an unprecedented pace, 

with wide spread consequences for natural 

ecosystems and human societies. Driven by 

increasing concentrations of greenhouse gases 

(GHGs) in the atmosphere, largely from fossil fuel 

combustion, deforestation, and industrial processes, 

the planet has warmed by approximately 1.1°C since 

pre-industrial times (IPCC, 2023). This warming has 

triggered a cascade of environmental and socio-

economic impacts that are being observed across the 

globe. 

 

Impact of climate change on public and 

environmental health. 

Climate change has emerged as a significant threat to 

global public health. Extreme weather events, 

including heat waves, wildfires, hurricanes, droughts, 

and floods, have led to a series of adverse health 

impacts and mental health issues. 

 

One of climate change's most immediate impacts is 

the increase in temperature extremes. Specifically, a 

multicity study in China indicated that heat waves 

increased risks of non-accidental mortality, with 0-10 

day lags exhibiting pronounced effects. Heat waves 

cause heat stroke and dehydration, exacerbating 

existing health conditions such as cardiorespiratory 

diseases. A 1 °C temperature rise was associated with 

a significant increase in morbidity due to 

arrhythmias, cardiac arrest, and coronary heart 

disease. Notably, compared to morbidity, 

cardiorespiratory mortality appeared to be more 

vulnerable to heat waves. Furthermore, heat waves 

have been linked to adverse birth outcomes. During 

2010-2020, heat wave exposure in China caused an 

average of 13,262 preterm births annually, of which 

25.8% were attributed to anthropogenic climate 

change. This consequently leads to substantial human 

capital losses exceeding $1 billion. The mental health 

impact of heat waves cannot be ignored either. A 

recent meta-analysis showed that for every 1 °C rise 

in temperature, there was a 2.2% increase in mental 

health-related mortality and a 0.9% increase in 

mental health-related morbidity. 

 

Climate change has been linked to severe storms, 

cyclones, and heavy rain events that lead to flooding. 

According to a study by Dosa et al.2020, in Florida, 

there was an increased odds ratio of mortality at 1.12 

within 30 days post exposure to Hurricane Irma, with 

a higher odds ratio of 1.18 observed in long stay 

residents. Watkins et al. suggest that the elevated 

exposure to phthalates due to hurricanes, coupled 
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with extensive infrastructure damage, limited access 

to necessities (e.g., food and water), and prolonged 

loss of electricity and communication services, may 

heighten the risk of adverse birth outcomes among 

susceptible pregnant women. Furthermore, Schwartz 

et al.2012) found that the co-occurrence of individual 

and structural damage resulting from Hurricane 

Sandy was significantly associated with the long-

term persistence of PTSD symptoms. Hurricane-

related PTSD symptoms can promote the risk of 

cardiovascular disease among older adults, according 

to Lenane et al. 

 

2.1 Climate Change, Biodiversity, and Reducing 

Extinction Risks: 

Climate change has been driving shifts in the 

distributions of species for decades, including 

thousands of marine species at a global scale. This 

shows that many species are adapting to climate 

change by moving where they live. The changing 

environments may allow some species to expand 

their geographic range. However, where species such 

as endemic species restricted to isolated mountain 

tops and islands cannot shift their distribution, their 

extinction risk is increased. Indeed, the only two 

species extinctions attributed to climate change are of 

two endemic species. The extinction of the golden 

toad and the Bramble Cays mouse was attributed to 

global warming and sea-level rise on their 

mountaintop and low-lying island habitats, 

respectively. 

 

Considering the numerous papers claiming actual or 

predicting climate-related extinctions, it seems 

surprising that only two species may have gone 

extinct due to climate change. This is because some 

studies only record local extinctions, which should be 

called extirpations. After all, the species still live 

elsewhere, and/or may have moved elsewhere. 

Others report “extinction risk,” which is difficult to 

quantify. Furthermore, such studies often fail to count 

species that have shifted their range into their study 

area. Species richness is generally increasing in 

higher latitudes and decreasing in lower latitudes. 

Because higher species richness has been 

conventionally considered better than low species 

richness, the increasing diversity in mid and high 

latitudes may be considered as a positive effect of 

climate change. However, from a human perspective, 

these geographically variable, climate change-

induced predicted environmental changes can lead to 

a loss of traditional natural wildlife resources and 

impacts on agriculture and aquaculture. Changes to 

biodiversity are not limited to shifts in species 

distributions but include changes in abundance, 

ecological interactions, and maximum body size in 

ectotherms such as fish, mollusks, and crustaceans of 

commercial importance. Thus, the challenge for 

climate change and biodiversity is that people must 

adapt how they use the natural resources, which are 

part of biodiversity. This requires planning, including 

changes to farming practices and fishing quotas, but 

also the adaptation of markets, diet, and associated 

infrastructure. 

 

Climate 

Change 

Mitigation 

      

Biodiversity 

Protection 

 

 Unsuccessful Successful 

Unsuccessful Loss of > 40% 

of Species and 

mass 

extinction of 

life on Earth 

Loss of 20% of 

Species 

Successful Loss of > 30% 

of Species and 

mass 

extinction of 

life on Earth 

Conservation 

of biodiversity 

and natural 

resources on 

Earth 

 

Figure 1.  The consequences of protecting and not 

protecting biodiversity from human impacts, with 

and without mitigation of anthropogenic climate 

change. The diagram outlines four scenarios of 

successful and unsuccessful conservation of 

biodiversity and mitigation of climate change. See 

Costello265 for details of extinction estimates. 

 

2.2 Options for Mitigation of Climate Change: 

Nature-based solutions for climate change 

mitigation 

1. Protection of natural carbon-sink resources. 

Protection and utilization of natural carbon-sink 

resources are critical strategies to mitigate the impact 

of climate change. Natural carbon sinks are 

ecosystems that trap and store carbon dioxide from 

the atmosphere, such as forests, wetlands, and 

oceans. By protecting these carbon sinks from 

human-induced activities such as deforestation, land-

use change, and drainage, we can prevent the release 

of large amounts of carbon dioxide into the 

atmosphere. Additionally, efforts to restore and 

enhance natural carbon sinks can help to sequester 

carbon and mitigate climate change impacts. For 



© OCT 2025 | IRE Journals | Volume 9 Issue 4 | ISSN: 2456-8880 

IRE 1711404      ICONIC RESEARCH AND ENGINEERING JOURNALS          1261 

example, reforestation projects can help to reestablish 

forests that have been lost due to deforestation or land 

use change, while wetland restoration can help to 

enhance carbon sequestration in coastal ecosystems. 

In agricultural systems, any efforts to increase yields 

and carbon return, as well as measures to reduce 

carbon losses, can also contribute significantly to 

climate change mitigation. Overall, the protection 

and intelligent utilization of natural carbon-sink 

resources are critical in mitigating the impact of 

climate change, and efforts to restore and enhance 

these ecosystems must remain a priority for 

sustainable development. 

 

2. Afforestation and Forest Ecosystem 

Restoration.  

Limiting global warming to the 2 °C threshold set by 

the Paris Climate Agreement requires both reducing 

emissions and removing GHGs from the atmosphere. 

Therefore, terrestrial ecosystems play a critical role 

in climate change mitigation alongside the large 

reductions needed in fossil fuel consumption. As 

indicated above, over the past ten years, terrestrial 

ecosystems have removed ~30% of human carbon 

emissions each year 28, and forests account for most 

of this uptake.290,291 Afforestation and 

reforestation, key approaches in natural climate 

solutions (NCSs), have been focused on for decades 

as potential major contributors to climate change 

mitigation.290,292,293 With a potential annual 

climate mitigation contribution of up to 7 Pg CO2e 

by 2030 at a carbon price of $100 per Mg CO2e, 

afforestation and reforestation are among the most 

cost-effective and viable NCSs for mitigating climate 

change.294 However, while forest-based strategies 

are currently the widely accepted and practiced 

methods for carbon sequestration, recent studies have 

indicated possible limits and climate-driven risks to 

the climate mitigation potential of afforestation 

Moreover, Fleischman et al. 296 highlighted ten 

pitfalls and misperceptions when large-scale 

afforestation campaigns fail to acknowledge the 

social and ecological complexities of the landscapes 

they aim to transform. Thus, when planning and 

implementing afforestation activities, the expense, 

risk, and damage to ecosystems and humans due to 

poor designs and hasty implementation should be 

fully recognized and mitigated. 

 

3. Soil Carbon Sequestration: 

Organic material (OM) amendment in soils is a 

common practice that has been shown to improve soil 

quality and crop yield by increasing soil organic 

carbon (SOC). For instance, the SOC stocks of 

croplands in China could be further increased by 

more than 25.0 Tg C yr−1 or 0.63% yr−1 with OM 

input.304 Yet, simply adding OM (e.g., straw 

remains or animal dung) only increases the organic 

carbon content of the treated cropping fields, not the 

whole regions, because OM is still missing 

elsewhere.280 This may be a different story if 

mulches are placed on cropping fields, such as from 

green clover in rotations, significantly improving 

SOC.305 Biochar addition in soils has also been 

advocated as a viable alternative strategy for boosting 

SOC stocks due to its resistance to microbial 

degradation. According to a paddy field experiment 

by Liu et al.,306 both straw and biochar additions 

were found to increase the topsoil SOC potentially. 

Additionally, it was found that the biochar treatment 

sequestered 2.6-fold more SOC than the straw 

treatment after six years, even though the carbon 

application rates of straw and straw-derived biochar 

were the same. This suggests that biochar addition in 

the soil may be more effective for sequestering 

carbon in paddy fields than straw.307 Furthermore, 

the integration of biomass pyrolysis and electricity 

generation systems with biochar amendment can 

achieve carbon neutrality in staple crop production by 

reducing emissions through soil carbon sequestration 

and CO2 emission mitigation because the electricity 

generated by bio-energy from pyrolysis displaces 

traditional emissions from fossil fuels.308 However, 

a certain flux of energy-containing carbon input from 

plants (litter or crop residue return) is always needed 

to keep microbial soil functions active. 

 

4. N2O Emission Reduction.  

Reducing nitrogen fertilizer application rate is vital 

for mitigating N2O emissions from cropping 

soils.313 Emission reductions can be achieved 

through regional nitrogen fertilizer optimization 

techniques based on the trade-off between economic 

risk and environmental benefit.314 Mitigating N2O 

emissions can also benefit from precision field 

management, such as soil pH adjustment, OM input, 

and decision support tools.315 Two-thirds of the 

mitigation potential for N2O emissions could be 

achieved on one-fifth of croplands in the world, 

mainly located in humid subtropical climates and 

across Gleysols and Acrisols.316 Nitrification 

inhibitors, such as N-(n-butyl) thiophosphoric 

triamide (NBPT) and 2-(N-3,4- dimethylpyrazole) 

succinic acid (DMPSA) effectively reduce N2O 
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emissions and do not harm crop yields.317,318 

Reducing N2O emissions can also be accomplished 

through other means, such as increasing the activity 

of N2O-reducing organisms or N2O-consuming 

microbes in soils through bioaugmentation or 

biostimulation.319,320 Furthermore, research has 

shown that arbuscular mycorrhizal fungi can reduce 

N2O emissions by promoting the growth of plants 

that have a high affinity for nitrogen uptake. These 

plants can take up excess nitrogen from the soil, 

thereby reducing the availability of nitrogen for 

microbial processes that produce N2O. Overall, 

enhancing these microbial processes has the potential 

to reduce N2O emissions from agriculture while also 

improving soil health and productivity. 

 

5. CH4 Emission Reduction.  

Besides the reduction of losses during biogas 

production, intermittent irrigation or mid-season 

drainage is another important option for mitigating 

CH4 emissions from paddy fields, as it is a result of 

inhibiting its production and increasing oxidation. 

The plantation of suitable rice varieties could achieve 

CH4 emission mitigation without negatively 

 

2.3 Rising Temperatures and Heat Extremes: 

One of the most direct consequences of climate 

change is the increase in global surface temperatures. 

According to the World Meteorological Organization 

(WMO, 2023), the last eight years have been the 

warmest on record, with 2023 ranking among the 

hottest. Rising temperatures have led to prolonged 

and more intense heat waves, especially in Europe, 

South Asia, and parts of North America. These 

heatwaves pose significant risks to human health, 

increase energy demands, and exacerbate urban heat 

island effects (Seneviratne et al., 2021). 

 

2.4 Melting Ice and Sea-Level Rise: 

The cryosphere—comprising glaciers, polar ice caps, 

and permafrost—is shrinking rapidly. Between 2006 

and 2018, glaciers worldwide lost over 267 billion 

metric tons of ice annually, contributing significantly 

to sea-level rise (IPCC, 2023). Global sea levels have 

risen by about 20 centimeters since 1900, with the 

rate of increase doubling in the last three decades 

(Dangendorf et al., 2019). Low-lying coastal areas, 

such as those in Bangladesh, the Maldives, and Small 

Island developing states (SIDS), face heightened 

risks of inundation, saltwater intrusion, and 

displacement. 

 

2.5 Extreme Weather Events: 

Climate change is amplifying the frequency, 

intensity, and unpredictability of extreme weather 

events. These include tropical cyclones, floods, 

droughts, and wildfires. The IPCC (2023) confirms 

that anthropogenic climate change has increased the 

likelihood of such extremes in many regions. For 

instance, Hurricane Harvey in the U.S. (2017) and the 

European floods (2021) were exacerbated by 

warming conditions. In developing regions, extreme 

events often have devastating consequences due to 

weaker infrastructure and limited adaptive capacity.  

 

2.6 Impacts on Biodiversity and Ecosystems: 

Ecosystems are being disrupted by shifting climate 

zones and changing seasonal patterns. Species 

migration, population declines, and altered breeding 

cycles are becoming more common. Coral reefs, 

which are highly sensitive to temperature increases, 

have suffered widespread bleaching, particularly in 

the Great Barrier Reef and Indian Ocean regions 

(Hughes et al., 2017). Climate-induced habitat loss is 

increasing extinction risks, particularly for endemic 

and specialized species (Pecl et al., 2017) 

 

2.7 Impacts on Food and Water Security: 

Agriculture, a climate-sensitive sector, is 

experiencing yield reductions due to erratic rainfall, 

prolonged droughts, and temperature extremes. 

Cereal crops such as wheat, rice, and maize show 

yield declines of up to 10% per 1°C of warming in 

tropical and subtropical areas (Zhao et al., 2017). 

Water security is also threatened as glaciers shrink 

and precipitation patterns change, impacting 

freshwater availability for both agriculture and 

domestic use. 

 

III. CLIMATE CHANGE: NIGERIAN CONTEXT 

 

Nigeria, with its vast geographical diversity and high 

population density, is among the countries most 

vulnerable to the impacts of climate change. The 

country faces a complex interplay of climatic risks, 

ranging from rising temperatures and altered 

monsoon patterns to sea-level rise and glacial retreat. 

These impacts threaten livelihoods, food and water 

security, public health, and long-term economic 

development. 

 

Rising Temperatures and Heat Stress in Nigeria has 

experienced a significant rise in mean temperature, 

with an increase of about 0.7°C between 1901 and 
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2018 (IMD, 2020). Recent projections indicate that 

temperatures in many regions could rise by 2.4–

4.4°C by the end of the century under high-emission 

scenarios (MoEFCC, 2021). This warming has 

resulted in more frequent and severe heatwaves, 

particularly in states like Rajasthan, Uttar Pradesh, 

and Telangana, causing increased mortality and 

reduced labor productivity (Mazdiyasni et al., 2017). 

 

3.1 Monsoon Variability and Rainfall:  

Extremes the Nigeria summer monsoon, which 

provides over 70% of the country’s annual rainfall, is 

becoming increasingly erratic. Studies have shown a 

decline in overall monsoon rainfall but a rise in 

extreme precipitation events (Ghosh et al., 2022). 

These changes disrupt agricultural cycles, exacerbate 

flood risks, and reduce groundwater recharge, 

especially in rain fed farming regions 

 

3.2 Sea-Level Rise and Coastal Vulnerability:  

Nigerian’s 7,500 km-long coastline is highly exposed 

to sea-level rise, storm surges, and coastal erosion. A 

recent study estimates that by 2050, nearly 36 million 

people in Nigeria could be at risk from coastal 

flooding (Kulp & Strauss, 2019). Major cities like 

Anambara, Benue, and others face threats to 

infrastructure, housing, and economic assets, due to 

flood. 

 

3.3 Impacts on Agriculture and Food Systems:  

Agriculture, which employs more than 70% of 

Nigeria population, is highly climate-sensitive. 

Changes in temperature, rainfall, and extreme events 

are reducing crop yields, especially for rice and wheat 

(Lobell et al., 2011). Rising temperatures also affect 

livestock productivity and increase pest and disease 

outbreaks. 

 

3.4 Public Health Concerns: 

Climate-related health risks are rising, with 

increasing incidence of vector-borne diseases like 

malaria and dengue, especially in newly vulnerable 

regions due to shifting climate zones. Air pollution, 

heat stress, and water-borne diseases are further 

exacerbated by climate impacts (Singh et al., 2020). 

 

IV. ADAPTATION STRATEGIES GLOBAL 

OVERVIEW 

 

As climate change impacts intensify worldwide, 

adaptation has emerged as an essential complement 

to mitigation efforts. Adaptation strategies aim to 

reduce vulnerability and enhance the resilience of 

ecosystems, infrastructure, and communities to 

current and projected climatic stresses (IPCC, 2023). 

Globally, a diverse array of adaptation approaches 

has been implemented across regions, reflecting local 

needs, capacities, and environmental contexts. 

 

4.1 Nature-Based Solutions (NbS):  

Nature-based solutions (NbS) leverage ecosystems to 

mitigate climate risks while delivering co-benefits for 

biodiversity and livelihoods. Examples include 

mangrove restoration to protect coastal areas from 

storm surges, reforestation to prevent landslides, and 

wetland conservation for flood control. Countries like 

Vietnam and the Philippines have successfully scaled 

NbS to protect vulnerable communities (Seddon et 

al., 2020) 

 

4.2 Climate-Smart Agriculture (CSA):  

In agriculture, Climate-Smart Agriculture (CSA) 

integrates practices such as crop diversification, 

drought-resistant varieties, water-efficient irrigation, 

and agroforestry to enhance resilience. Sub-Saharan 

Africa and South Asia have adopted CSA through 

regional frameworks like the Global Alliance for 

Climate-Smart Agriculture (FAO, 2021).  

 

4.3 Early Warning Systems and Technology:  

Early Warning Systems (EWS), supported by 

satellite monitoring and real-time data, are critical in 

disaster-prone regions. Bangladesh’s cyclone EWS 

and Japan’s earthquake alerts are global benchmarks, 

saving lives and reducing economic losses (Paul et 

al., 2019). Technology-driven adaptation—using 

artificial intelligence, remote sensing, and mobile 

platforms—is increasingly being deployed for 

climate risk assessments. 

 

 

4.4 Strategies for Climate Change Adaptation in 

Nigeria: 

1. Agricultural Adaptation Strategies- Climate-Smart 

Agriculture: This approach focuses on sustainable 

agricultural practices that enhance productivity and 

resilience to climate change, including techniques 

like seed improvement, conservation agriculture, and 

agroforestry. 

2. Crop and Livestock Management: Farmers are 

adopting practices like planting erosion-resistant 

trees and integrating biogas production from organic 

waste. 
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3. Infrastructure Adaptation Strategies- Climate-

Resilient Infrastructure: Nigeria is working on 

constructing flood-resistant infrastructure and 

enhancing storm water management systems. 

4. Early Warning Systems: The Federal Government 

has installed automated flood early warning systems 

and hydro-meteorological monitoring devices in over 

ten states. 

5. Policy and Governance- National Climate Change 

Policy: Nigeria has developed a National Climate 

Change Policy (2021-2030) that outlines strategies 

for adapting to climate change impacts. 

6. National Adaptation Plan Framework: The 

framework provides a robust approach to climate 

change adaptation, focusing on sectors like 

agriculture, water resources, and health. 

7. Locally-Led Adaptation: There's a growing 

emphasis on involving local communities in 

decision-making processes to ensure adaptation 

strategies are tailored to their needs and priorities.  

8. Disaster Risk Reduction- National Disaster 

Response Plan: Nigeria has introduced policies to 

reduce inequality and promote inclusivity in disaster 

response and recovery efforts. 

9. Disaster Risk Reduction: The country is working 

on strengthening disaster risk reduction efforts, 

including early warning systems and emergency 

preparedness. 

10. Financing Climate Adaptation- National Climate 

Change Fund: Operationalizing the National Climate 

Change Fund can provide critical financial support 

for climate adaptation efforts. 

11. Green Finance Mechanisms: Nigeria can explore 

innovative financing approaches like green bonds, 

debt-for-climate swaps, and risk mitigation 

instruments to unlock domestic capital. 

12. Education and Awareness- Educational 

Initiatives: Promoting climate education and 

awareness among young people can help build a 

future generation aware of climate issues and 

adaptive practices. 

13. Community Engagement: Engaging local 

communities in climate adaptation efforts can 

enhance the effectiveness of adaptation strategies 

 

4.5 National Action Plans for Climate Change in 

Nigeria: 

Nigeria has developed several national action plans 

and policies to address climate change, aligning with 

its commitment to sustainable development and 

reducing greenhouse gas emissions. Key plans 

include. 

1. National Climate Change Policy (2021-

2030): This policy outlines Nigeria's vision for a 

climate-resilient economy and provides a framework 

for coordinating development planning, financing, 

and monitoring of climate change initiatives. 

2. National Adaptation Plan (NAP) Framework: The 

framework provides a robust approach to climate 

change adaptation, focusing on sectors like 

agriculture, water resources, and health. 

3. Nationally Determined Contribution (NDC): 

Nigeria's NDC outlines its commitment to reducing 

greenhouse gas emissions and adapting to climate 

change impacts, with a focus on sectors like 

agriculture, energy, and transportation. 

4. Energy Transition Plan (ETP): The ETP aims to 

achieve net-zero emissions by 2060, with targets for 

renewable energy, energy efficiency, and reducing 

gas flaring. 

5. National Action Plan on Gender and Climate 

Change: This plan aims to mainstream gender 

considerations into climate change policies and 

programs. 

6. National Climate Change Act (2021): This act 

provides a framework for addressing climate change, 

including setting carbon budgets and promoting low-

carbon development. 

7. These plans demonstrate Nigeria's commitment to 

addressing climate change and promoting sustainable 

development. However, effective implementation 

and coordination among government agencies, the 

private sector, and civil society are crucial for 

achieving these goals. 

 

4.6 Climate Resilient Agriculture: 

Climate-resilient agriculture refers to farming 

practices and systems that enhance the ability of 

agricultural systems to withstand the impacts of 

climate change, such as increased temperatures, 

changing precipitation patterns, and increased 

frequency of extreme weather events. Key aspects 

include. 

1. Sustainable agricultural practices: Techniques 

like conservation agriculture, agroforestry, and 

crop rotation can improve soil health, reduce 

erosion, and promote biodiversity. 

2. Climate-smart crops: Developing and promoting 

crops that are resistant to climate-related 

stresses, such as drought-tolerant or heat-tolerant 

varieties. 

3. Water management: Implementing efficient 

irrigation systems, rainwater harvesting, and 
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water conservation techniques to optimize water 

use. 

4. Soil conservation: Practices like mulching, cover 

cropping, and reduced tillage can help maintain 

soil health and fertility. 

5. Integrated pest management: Strategies to 

manage pests and diseases in a way that 

minimizes the use of chemical pesticides and 

maintains ecosystem balance. 

6. Diversification: Growing a variety of crops and 

integrating livestock can reduce vulnerability to 

climate-related shocks. 

7. Technology adoption: Using technologies like 

precision agriculture, drones, and satellite 

imaging to monitor and manage crops more 

effectively. 

 

4.7 Climate-Resilient Agriculture can help: 

1. Enhance food security: By improving crop yields 

and reducing losses due to climate-related 

stresses. 

2. Support rural livelihoods: By providing farmers 

with more resilient and productive farming 

systems. 

3. Promote sustainable development: By reducing 

the environmental impact of agriculture and 

promoting ecosystem services. 

 

In Nigeria, climate-resilient agriculture is crucial for: 

1. Improving agricultural productivity: By adopting 

practices that enhance soil fertility, water 

management, and crop resilience. 

2. Reducing vulnerability: By implementing 

strategies that help farmers adapt to climate-related 

shocks and stresses. 

3. Promoting sustainable agriculture: By encouraging 

practices that maintain ecosystem balance and reduce 

environmental degradation. 

 

4.8 Urban Adaptation and Infrastructure: 

Urban adaptation and infrastructure are crucial for 

building cities that can withstand the impacts of 

climate change. Below are some key strategies and 

examples: 

1. Green Infrastructure: Implementing green roofs, 

walls, and urban parks to mitigate urban heat island 

effects, manage storm water runoff, and improve air 

quality. 

2. Climate-Resilient Infrastructure: Designing 

infrastructure that can withstand extreme weather 

events, such as floods, droughts, and heat waves. 

3. Smart Infrastructure: Leveraging technology, such 

as sensors and data analytics, to monitor and manage 

urban systems, optimize resource use, and improve 

decision-making. 

Examples of Urban Adaptation- Rotterdam's Climate 

Adaptation Strategy: This Dutch city has 

implemented innovative solutions like floating 

homes, water plazas, and green roofs to manage flood 

risk and improve urban livability. 

4. Singapore's Water Management: Singapore has 

invested in water management infrastructure, 

including rainwater harvesting, desalination plants, 

and a deep tunnel sewerage system, to ensure water 

security in the face of climate change. 

5. New York City's Climate Resilience: After 

Hurricane Sandy, NYC implemented various 

adaptation measures, including coastal protection 

projects, upgraded infrastructure, and improved 

emergency preparedness. 

 

4.9 Benefits of Urban Adaptation:  

Enhanced Resilience: Urban adaptation helps cities 

withstand and recover from climate-related shocks 

and stresses. 

Improved Livability: Green infrastructure and 

climate-resilient design can improve air quality, 

reduce urban heat island effects, and enhance overall 

quality of life. 

Economic Benefits: Investing in urban adaptation can 

reduce economic losses from climate-related 

disasters and improve economic viability. 

 

V. COMMUNITY-BASED ADAPTATION 

 

Community-based adaptation (CBA) and ecosystem-

based adaptation (EBA) are two approaches that help 

communities build resilience to climate change. 

 

 

5.1 Key Aspects of Community-Based Adaptation: 

1. Participatory Approach: CBA involves local 

communities in decision-making processes to 

identify and address their specific needs and 

priorities. 

2. Inclusive and Needs-Based: CBA focuses on the 

most vulnerable groups, empowering them to adapt 

to climate change. 

3. Local Knowledge and Capacity Building: CBA 

leverages local knowledge and builds community 

capacity to develop and implement adaptation 

strategies¹. 
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5.2 Key Aspects of Ecosystem-Based Adaptation: 

Ecosystem Management: EBA involves managing 

ecosystems to reduce the vulnerability of human 

communities to climate change impacts. 

Biodiversity and Ecosystem Services: EBA utilizes 

biodiversity and ecosystem services to support 

adaptation efforts. 

Sustainable Livelihoods: EBA promotes sustainable 

livelihoods by maintaining ecosystem health and 

functionality. 

 

Benefits of Integrating CBA and EBA: 

Enhanced Resilience: Combining CBA and EBA can 

enhance community resilience to climate change. 

Sustainable Development: Integrated approaches 

promote sustainable development and ecosystem 

conservation. 

Community Empowerment: CBA and EBA empower 

local communities to take ownership of adaptation 

efforts. 

 

Examples of Successful Integration: 

Model Forests in Latin America: The Eco Adapt 

project integrated CBA and EBA in model forests, 

demonstrating the effectiveness of this approach. 

Community-Based Forest Management: This 

approach has been successful in rural areas, 

contributing to both climate mitigation and 

adaptation ³ ⁴. 

Policy and Financial Instruments 

Nigeria has implemented various policies and 

financial instruments to address climate change. 

Policy Instruments: 

1. National Climate Change Policy (2021-2030): 

outlines Nigeria's vision for a climate-resilient 

economy and provides a framework for coordinating 

development planning, financing, and monitoring of 

climate change initiatives. 

2. National Adaptation Plan (NAP) Framework: 

focuses on sectors like agriculture, water resources, 

and health to build resilience. 

3. Nationally Determined Contribution (NDC): 

commits to reducing greenhouse gas emissions and 

adapting to climate change impacts. 

4. Energy Transition Plan (ETP): aims to achieve net-

zero emissions by 2060 with targets for renewable 

energy and energy efficiency. 

 

Financial Instruments: 

National Climate Change Fund: established to 

support climate change initiatives, with technical 

proposals recently completed. 

Green Climate Fund: Nigeria has been accredited to 

access between $50 million and $250 million for 

climate change measures. 

Sovereign Green Bond Program: started in 2017, 

catalyzing funding for renewable energy, energy 

efficiency, and climate resilience projects. 

Climate-resilient infrastructure investments: 

prioritizing public-private partnerships to fill 

infrastructure finance gaps. 

Grants and concessional debt: used to support 

sustainable development and climate change 

adaptation. 

 

Challenges and Opportunities: 

1. Affordability of finance: The high cost of capital 

hinders climate investment. 

2. Bankability of projects: need for costed and 

investment-ready climate action plans. 

3. Innovative financing approaches: exploring 

guarantees, debt-for-climate swaps, and local 

currency financing. 

4. Private sector investment: significantly lags behind 

public investment, with opportunities for growth. 

 

VI. GAPS AND CHALLENGES 

 

1. Financial Constraints: many developing nations, 

including India, face funding gaps in adaptation, 

especially for community-based projects. Despite 

international commitments, adaptation finance 

remains underfunded compared to mitigation 

(UNEP, 2022) 

2. Data and Monitoring Limitations: A lack of 

granular climate data, especially in remote regions, 

hampers vulnerability assessments and the 

development of localized adaptation strategies 

(Gupta et al., 2020).  

3. Institutional Coordination Overlapping mandates 

and fragmented implementation across ministries and 

departments hinder the mainstreaming of adaptation 

into development planning. 6.4 Social Inequities 

Marginalized groups such as women, tribal 

communities, and small farmers—often face 

disproportionate climate impacts. Inclusive 

adaptation planning is still lacking in many regions 

 

VII. EMERGING OPPORTUNITES 

 

1. Digital and Technological Innovations Artificial 

Intelligence (AI), remote sensing, and Internet of 

Things (IoT) are being deployed to enhance climate 
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prediction, water management, and precision farming 

(World Bank, 2023).  

2. Private Sector Participation Climate risk 

disclosure, green bonds, and climate-resilient 

insurance products are encouraging private sector 

investments in adaptation (Climate Policy Initiative, 

2022).  

3. Community-Based Adaptation (CBA): Locally-led 

adaptation that leverages indigenous knowledge, 

participatory planning, and social capital is gaining 

traction as a resilient and sustainable approach (Reid 

et al., 2021).  

4. International Cooperation Programs: like the 

Global Environment Facility (GEF), Adaptation 

Fund, and Green Climate Fund (GCF) are supporting 

adaptation projects across the Global South. 

Enhanced North-South cooperation is essential for 

technology transfer and finance mobilization 

 

VIII. CONCLUSION 

 

Clear communication is crucial for Nigeria's efforts 

to adjust to and reduce the effects of climate change. 

Creating and using tailored communication methods 

that address the unique circumstances and demands 

of Nigerian farmers and communities can break down 

obstacles to adaptation and mitigation strategies, 

paving the way for Nigeria to achieve climate-

resilient growth. 
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