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ABSTRACT 

Climate change has emerged as one of the most significant global environmental challenges of the twenty-first 

century. Anthropogenic activities such as fossil fuel combustion, industrialization, deforestation, urbanization, 

and unsustainable agricultural practices have intensified greenhouse gas emissions, leading to global warming 

and climate instability. The increasing concentration of greenhouse gases in the atmosphere has resulted in rising 

global temperatures, melting glaciers, sea-level rise, biodiversity loss, extreme weather events, and adverse 

impacts on human health, agriculture, water resources, and socio-economic systems. This research article 

provides a comprehensive overview of climate change, its scientific basis, causes, consequences, mitigation 

strategies, adaptation measures, and international policy responses. The study also discusses sustainable 

technological interventions, renewable energy systems, carbon sequestration, climate-smart agriculture, and the 

role of engineering and management approaches in combating climate change. Furthermore, the article 

highlights global agreements such as the Paris Agreement and the role of the Intergovernmental Panel on Climate 

Change (IPCC) in climate governance. The paper concludes that integrated global cooperation, technological 

innovation, environmental education, and sustainable development policies are essential to minimize climate 

risks and ensure a resilient future. Climate change is unequivocally caused by human activities, particularly 

greenhouse gas emissions, according to the latest IPCC synthesis findings. 

Keywords: Climate Change; Global Warming; Greenhouse Gases; Renewable Energy; Sustainability; 

Adaptation; Mitigation; Carbon Emissions; IPCC; Environmental Management 

INTRODUCTION 

Climate change refers to long-term changes in temperature, precipitation, wind patterns, and other climatic 

conditions on Earth. Although climate variability is a natural phenomenon, the rapid increase in global 

temperatures since the industrial revolution is primarily attributed to human activities. The emission of 

greenhouse gases (GHGs), including carbon dioxide (CO₂), methane (CH₄), nitrous oxide (N₂O), and fluorinated 

gases, has significantly altered the Earth’s energy balance. 

The industrial revolution accelerated fossil fuel consumption, urban expansion, transportation, and industrial 

production, leading to excessive greenhouse gas emissions. Global average temperatures have increased 

substantially over the past century, and recent decades have been the warmest on record. According to the IPCC 

Sixth Assessment Report, human-induced warming has reached approximately 1.1°C above pre-industrial levels. 
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Climate change affects ecosystems, human health, food security, economic stability, and biodiversity. Extreme 

weather events such as floods, droughts, cyclones, heatwaves, and wildfires are becoming more frequent and 

intense. Developing countries are particularly vulnerable due to limited adaptive capacity and high dependence 

on climate-sensitive sectors such as agriculture. 

This article aims to explore the causes, impacts, mitigation approaches, adaptation strategies, and policy 

frameworks related to climate change while emphasizing sustainable engineering and technological solutions. 

Despite extensive global research on climate change, there remains a significant need for integrated 

interdisciplinary studies that simultaneously address climate science, mitigation strategies, adaptation 

approaches, climate finance, carbon neutrality pathways, artificial intelligence applications, and policy 

implementation challenges within a unified framework. Many existing studies focus on isolated dimensions of 

climate change without adequately connecting scientific evidence, engineering solutions, socio-economic 

impacts, and sustainable development goals. 

The present study attempts to bridge this research gap by providing a comprehensive and comparative analysis 

of climate change causes, impacts, mitigation measures, adaptation strategies, emerging technological 

interventions, and global policy frameworks. Furthermore, the article incorporates recent developments in 

climate finance, AI-assisted climate prediction systems, and carbon neutrality strategies to enhance its 

contemporary scientific relevance and policy significance. 

Scientific Basis of Climate Change 

The Earth’s climate system is governed by the balance between incoming solar radiation and outgoing infrared 

radiation. Greenhouse gases trap heat in the atmosphere through the greenhouse effect, maintaining a habitable 

global temperature. 

Green-house Effect 

The greenhouse effect is a natural process that warms the Earth’s surface. However, excessive greenhouse gas 

concentrations enhance this effect, leading to global warming. Major greenhouse gases include: 

 Carbon dioxide (CO₂) 

 Methane (CH₄) 

 Nitrous oxide (N₂O) 

 Water vapor 

 Chlorofluorocarbons (CFCs) 

The concentration of atmospheric CO₂ has increased dramatically since the industrial era due to fossil fuel 

combustion and land-use changes. Figure 1 given below depicts the schematic representation of anthropogenic 

greenhouse gas emissions and their environmental impacts and Figure 2 shows the simplified representation of 

the greenhouse effect causing global warming. 
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Figure 2: Schematic representation of incoming solar radiation, outgoing infrared radiation, and 

atmospheric heat trapping by greenhouse gases contributing to global warming (19) 

Global Temperature Rise 

Global temperatures have risen rapidly during the last century due to anthropogenic emissions. The IPCC reports 

that continued greenhouse gas emissions will intensify warming and increase climate risks. 

Evidence of Climate Change 

Scientific evidence supporting climate change includes: 

 Rising global temperatures 

 Melting glaciers and polar ice caps 

 Rising sea levels 

 Ocean warming 

 Increased frequency of extreme weather events 

 Shifts in biodiversity and ecosystems 

 Ocean acidification 

Statistical Analysis of Climate Change Indicators 

Recent climate datasets obtained from international climate monitoring agencies indicate a continuous increase 

in atmospheric carbon dioxide concentration and global average temperatures during the last century.  

Statistical analysis of historical climate records demonstrates a strong positive relationship between 

anthropogenic greenhouse gas emissions and global warming trends.Table 1 presents the comparative analysis 

of atmospheric carbon dioxide concentration and global temperature anomalies over recent decades. 

Table 1: Atmospheric CO2 Concentration and Global Temperature Anomalies 

Year  Atmospheric CO2 (ppm) Global Temperature Anomalies 

1980 338 0.27 

1990 354 0.45 

2000 370 0.62 

2010 390 0.87 

http://www.rsisinternational.org/


Page 1211 
www.rsisinternational.org 

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,  

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

                                  ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XV, Issue V, May 2026 

   

2020 414 1.02 

2025 421 1.18 

The statistical trend clearly indicates a continuous increase in global temperature anomalies with rising 

atmospheric carbon dioxide concentration. Regression-based climate assessments conducted by international 

climate agencies suggest that anthropogenic greenhouse gas emissions are the dominant drivers of recent global 

warming. 

Cause of Climate Change 

Fossil Fuel Consumption 

Coal, oil, and natural gas combustion for energy production is the largest contributor to greenhouse gas 

emissions. 

Deforestation 

Forests act as carbon sinks by absorbing atmospheric CO₂. Deforestation reduces carbon sequestration and 

increases atmospheric carbon concentrations. 

Industrialization 

Industries emit large quantities of greenhouse gases during manufacturing, mining, and chemical processing. 

Agricultural Activities 

Agriculture contributes to methane and nitrous oxide emissions through livestock farming, fertilizer application, 

and rice cultivation. 

Urbanization and Transportation 

Rapid urban growth and transportation systems increase fossil fuel consumption and air pollution. Table 2 and 

Table 2 given below indicates the energy production and industrial activities are the largest contributors to 

greenhouse gas emissions globally. 

Table 2: Comparative Analysis of Greenhouse Gases 

Greenhouse Gas Major Sources 
Global Warming 

Potential 

Atmospheric 

Lifetime 

Carbon dioxide (CO2) Fossil fuel combustion 1 100–300 years 

Methane (CH4) Livestock, rice cultivation 28–34 12 years 

Nitrous oxide (N2O) Fertilizers, industries 265–298 114 years 

Chlorofluorocarbons (CFCs) Refrigerants, aerosols Very high 45–100 years 

Table 3: Sector-Wise Contribution to Greenhouse Gas Emissions 

Sector Approximate Contribution (%) 

Energy Production 35 

Industry 24 

Agriculture 18 
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Transportation 14 

Buildings 6 

Waste Management 3 

Table 3 indicates that the energy sector contributes the highest share of greenhouse gas emissions globally, 

emphasizing the urgent need for renewable energy transition. 

Regional Case Study: Heatwave Intensification in Northern India 

Climate change has significantly intensified heatwave conditions across Northern India during recent decades. 

States such as Uttar Pradesh, Rajasthan, Delhi, and Madhya Pradesh have experienced increasing summer 

temperatures, prolonged heatwave durations, and higher incidences of heat-related illnesses. 

According to recent meteorological observations, maximum summer temperatures in several regions of Northern 

India frequently exceed 45°C during extreme heatwave events. These climatic changes adversely affect public 

health, agricultural productivity, water availability, and energy demand. 

The increasing occurrence of heatwaves demonstrates the urgent need for climate-resilient urban planning, 

sustainable water resource management, and early warning systems to reduce climate vulnerability in densely 

populated regions. 

Impacts of Climate Change 

Environmental Impacts 

Melting Glaciers and Ice Sheets 

Increasing temperatures are causing glaciers and polar ice sheets to melt rapidly. 

Sea-Level Rise: Thermal expansion of oceans and ice melting contribute to rising sea levels, threatening coastal 

communities. 

Biodiversity Loss: Climate change disrupts ecosystems, causing habitat destruction and species extinction. 

Ocean Acidification: Increased CO₂ absorption by oceans lowers pH levels, affecting marine organisms. Table 

3 indicates the major climate change impacts on environmental and socio-economic systems. 

Table 4: Climate Change Impacts on Various Sectors 

Climate Change Factor Environmental Impact Socio-Economic Impact 

Temperature Rise Glacier melting Heat stress 

Sea-Level Rise Coastal erosion Displacement of population 

Irregular Rainfall Floods and droughts Agricultural losses 

Ocean Acidification Coral bleaching Fisheries decline 

Extreme Weather Ecosystem destruction Economic losses 

Statistical Analysis of Climate Change Indicators; Table 5 as stated under indicates a continuous increase in 

global temperatures due to anthropogenic greenhouse gas emissions. 
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Table 5: Global Average Temperature Increase Over Time 

Year Range Average Temperature Increase (°C) 

1880–1900 0.0 

1950–1970 0.3 

1980–2000 0.6 

2001–2020 1.0 

2021–2025 1.1–1.3 

Socio-Economic Impacts 

Agricultural and Food Security: Changes in rainfall patterns and temperature affect crop productivity and food 

supply. 

Human Health: Climate change increases heat stress, respiratory diseases, vector-borne diseases, and 

malnutrition. 

Water Resources: Droughts and irregular rainfall affect freshwater availability. 

Economic Losses: Natural disasters and climate-related damages cause significant economic burdens. 

Climate Change and Extreme Weather Events 

Extreme weather events are becoming more intense due to climate change. 

Floods: Heavy rainfall and cyclones increase flood risks. 

Heat Waves: Rising temperatures contribute to prolonged heatwaves. 

Droughts: Climate variability reduces water availability in many regions. 

Wildfires: Higher temperatures and dry conditions increase wildfire frequency. 

The IPCC emphasizes that every increment of global warming intensifies climate hazards and risks. 

Climate-Induced Disasters and Economic Losses 

Climate-induced disasters have caused substantial socio-economic losses globally. Floods, hurricanes, cyclones, 

droughts, and wildfires increasingly disrupt infrastructure, food systems, public health services, and economic 

activities. 

Developing nations are particularly vulnerable because of inadequate infrastructure, limited financial resources, 

and high dependence on climate-sensitive sectors such as agriculture. Economic losses associated with climate 

disasters are expected to increase significantly if global warming exceeds the 1.5°C threshold proposed by 

international climate agreements. 

Climate Change Mitigation Strategies 

Mitigation refers to efforts to reduce or prevent greenhouse gas emissions. 

Renewable Energy Technologies: Renewable energy sources reduce dependence on fossil fuels. 

Solar Energy: Solar photovoltaic systems convert sunlight into electricity. 

http://www.rsisinternational.org/
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Wind Energy: Wind turbines generate clean electricity. 

Hydro Power: Hydroelectric plants produce renewable power using flowing water. 

Biomass Energy: Biomass converts organic materials into energy. 

The comparative analysis of renewable energy such as solar energy, wind energy, hydro energy, biomass energy 

& geothermal energy and their advantages, limitations and applications are illustrated in table 6. 

Table 6: Comparative Analysis of Renewable Energy Sources 

Renewable Energy 

Source 
Advantages Limitations Applications 

Solar Energy Clean and abundant Weather dependent Electricity generation 

Wind Energy Low emissions Noise and land use Power generation 

Hydropower Reliable Ecosystem disruption Large-scale electricity 

Biomass Energy Waste utilization Air pollution potential Biofuel production 

Geothermal Energy 
Continuous power 

supply 
High installation cost Heating and electricity 

Energy Efficiency: Energy-efficient technologies reduce energy consumption and emissions. 

Carbon Capture and Storage (CCS): CCS technologies capture CO₂ emissions from industrial sources and 

store them underground. 

Sustainable Transportation: Electric vehicles, public transportation, and fuel-efficient technologies reduce 

emissions. 

Afforestation and Reforestation: Tree plantation enhances carbon sequestration. The figure 3 given below 

indicates the sequential pathway for achieving climate mitigation and sustainability goals. 
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Carbon Neutrality and Net-Zero Emission Strategies 

Carbon neutrality refers to achieving a balance between greenhouse gas emissions and carbon removal 

mechanisms through afforestation, carbon capture technologies, renewable energy deployment, and sustainable 

industrial practices. 

Several countries have announced long-term net-zero emission targets to reduce climate risks and transition 

toward low-carbon economies. India has announced a Net Zero target for 2070, while the European Union aims 

to achieve carbon neutrality by 2050. 

Major carbon neutrality approaches include: 

 Renewable energy expansion 

 Hydrogen-based energy systems 

 Electrification of transportation 

 Carbon capture and storage technologies 

 Circular economy practices 

 Sustainable industrial manufacturing 

The transition toward carbon-neutral development pathways is essential for achieving long-term environmental 

sustainability and climate resilience. 

Climate Change Adaptation Strategies 

Adaptation involves adjusting systems and practices to minimize climate impacts. 

Climate-Resilient Agriculture: Climate-smart agriculture improves productivity under changing climatic 

conditions. 

Water Resource Management: Efficient irrigation and rainwater harvesting improve water sustainability. 

Disaster Risk Reduction: Early warning systems and resilient infrastructure reduce disaster vulnerability. 

Urban Planning: Sustainable urban design minimizes climate risks in cities. The comparative analysis of 

Climate change mitigation and their adaptations is illustrated in table 7. 

Table 7: Comparison of Climate Change Mitigation and Adaptation 

Aspect Mitigation Adaptation 

Objective Reduce greenhouse gas emissions Reduce climate vulnerability 

Time Scale Long-term Immediate and long-term 

Examples Renewable energy, afforestation Flood barriers, drought-resistant crops 

Focus Causes of climate change Effects of climate change 

Benefits Slows global warming Enhances resilience 

Climate Adaptation Frameworks: Comparative Analysis 

Different international climate adaptation frameworks emphasize resilience building, disaster preparedness, 

sustainable infrastructure, and ecosystem protection. Table 8 presents a comparative evaluation of major climate 

mitigation and adaptation frameworks. 
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Table 8: Comparative Analysis of Major Climate Framework 

Framework Strength Limitations Major Outcomes 

Kyoto Protocol Legally binding targets Limited participation 
Initial emission 

reductions 

Paris Agreement Global participation 
Weak enforcement 

mechanisms 
Net-zero commitments 

Glasgow Climate Pact Focus on coal reduction 
Insufficient 

accountability 

Accelerated climate 

pledges 

Nationally Determined 

Contributions (NDCs) 
Flexible national targets Uneven implementation 

Mixed mitigation 

effectiveness 

The comparative analysis indicates that although international climate agreements have significantly improved 

global cooperation, implementation challenges, financial inequalities, and inadequate enforcement mechanisms 

continue to hinder effective climate action. 

Role of Technology and Engineering in Climate action 

Engineering and technological innovations are critical in addressing climate change. 

Green Building Technologies: Energy-efficient buildings reduce carbon emissions. 

Smart Grids: Smart grids optimize electricity distribution and renewable integration. 

Artificial Intelligence in Climate Prediction and Environmental Management:  

Artificial intelligence (AI) has emerged as a transformative tool in climate science, environmental monitoring, 

and disaster risk management. Machine learning algorithms and deep learning techniques are increasingly used 

for climate modelling, weather forecasting, flood prediction, wildfire monitoring, and renewable energy 

optimization. 

AI-assisted climate prediction systems analyze large-scale atmospheric datasets, satellite observations, and 

oceanographic parameters to improve forecasting accuracy and early warning systems. Smart AI-based systems 

also support precision agriculture, water resource optimization, carbon emission monitoring, and sustainable 

urban management. 

The integration of AI with climate science can significantly improve climate resilience, disaster preparedness, 

and sustainable resource management in both developed and developing countries. 

Internet of Things (IoT): IoT systems monitor environmental parameters and optimize resource use. 

International Climate Policies and Agreements 

United Nations Framework Convention on Climate Change (UNFCCC): The UNFCCC provides a 

framework for international climate negotiations. 

Kyoto Protocol: The Kyoto Protocol established legally binding emission reduction targets. 

Paris Agreement: The Paris Agreement aims to limit global warming below 2°C and preferably to 1.5°C. 

Intergovernmental Panel on Climate Change (IPCC): The IPCC provides scientific assessments and policy 

guidance on climate change. The latest synthesis report highlights the urgent need for deep and sustained 

emission reductions. 
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Various global climate agreements such as United Nations Framework Convention on Climate Change 

(UNFCCC), Kyoto Protocol, Paris Agreement and Glasgow Climate Pact and their main objective to provides a 

framework for international climate negotiations, legally binding emission reduction targets, aims to limit global 

warming below 20C and acceleration of climate actions are as illustrated in Table 9. 

Table 9: Global Climate Agreements and Their Objectives (30) 

Agreement Year Main Objective 

UNFCCC 1992 International climate cooperation 

Kyoto Protocol 1997 Legally binding emission reductions 

Paris Agreement 2015 Limit global warming below 2°C 

Glasgow Climate Pact 2021 Accelerate climate action 

Climate Finance and Green Investment 

Climate finance plays a critical role in supporting mitigation and adaptation activities, particularly in developing 

nations. International organizations, development banks, and climate funds provide financial assistance for 

renewable energy projects, resilient infrastructure, carbon reduction technologies, and sustainable development 

initiatives. 

Major climate finance mechanisms include: 

 Green Climate Fund (GCF) 

 Carbon trading systems 

 Green bonds 

 ESG-based investments 

 Loss and Damage Fund 

However, developing countries continue to face financial constraints, technological limitations, and insufficient 

investment support for large-scale climate adaptation projects. 

Climate Change and Sustainable Development 

Climate change threatens the achievement of Sustainable Development Goals (SDGs), particularly goals related 

to poverty reduction, clean energy, health, water, and ecosystems. 

Sustainable development requires balancing economic growth, environmental protection, and social equity. 

Challenges in Climate Policy Implementation  

Although international climate agreements provide strategic frameworks for global climate action, 

implementation remains a major challenge due to political, economic, technological, and institutional barriers. 

Major implementation challenges include: 

 Weak policy enforcement mechanisms 

 Dependence on fossil fuel-based economies 

 Insufficient climate finance 

 Technological inequality between developed and developing nations 

 Political instability and governance issues 

 Lack of environmental awareness and climate literacy 

 Delays in renewable energy transition 
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The effectiveness of global climate governance depends on stronger international cooperation, transparent 

monitoring systems, and equitable technology transfer mechanisms. 

Future Perspectives 

Future climate action should focus on: 

 Accelerating renewable energy adoption 

 Strengthening international cooperation 

 Promoting sustainable industrial practices 

 Enhancing climate education 

 Investing in green technologies 

 Encouraging carbon neutrality initiatives 

 Supporting climate-resilient infrastructure 

The transition toward a low-carbon economy is essential for long-term sustainability. 

Comparative Discussion 

The comparative analysis demonstrates that anthropogenic climate change differs fundamentally from natural 

climatic variability because of its unprecedented rate, global scale, and strong association with industrialization 

and fossil fuel consumption. Carbon dioxide remains the most influential greenhouse gas because of its high 

emission volume and long atmospheric lifetime, whereas methane and nitrous oxide possess significantly higher 

global warming potentials despite relatively lower concentrations. 

Among mitigation technologies, renewable energy systems such as solar and wind energy have shown 

substantial growth due to declining installation costs and technological improvements. However, challenges 

related to intermittency, energy storage, land utilization, and infrastructure development continue to limit large-

scale implementation. 

Carbon neutrality strategies and sustainable industrial transitions are becoming increasingly important in 

achieving long-term climate goals. Several countries are investing in hydrogen energy systems, smart grids, 

carbon capture technologies, and low-carbon transportation systems to accelerate decarbonization. 

Artificial intelligence and data-driven climate modelling are revolutionizing environmental forecasting and 

disaster management by improving predictive accuracy and resource optimization. AI-integrated systems can 

support climate-resilient agriculture, smart urban planning, renewable energy management, and disaster 

preparedness. 

The comparative evaluation of international climate agreements indicates that although global participation has 

improved significantly after the Paris Agreement, implementation gaps and inadequate accountability 

mechanisms continue to limit mitigation effectiveness. Financial inequality between developed and developing 

countries further complicates climate adaptation efforts. 

Overall, the statistical analysis and comparative assessment clearly emphasize the urgent need for integrated 

climate governance, sustainable engineering solutions, renewable energy transition, and international 

cooperation to achieve long-term environmental sustainability. The comparative studies of natural climate 

change and anthropogenic climate change are indicated in Table 10. 
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Table 10: Comparison Between Natural and Anthropogenic Climate Change 

Parameter Natural Climate Change Anthropogenic Climate Change 

Cause Volcanic eruptions, solar variations 
Fossil fuel combustion, 

industrialization 

Time Scale Thousands to millions of years Decades to centuries 

Rate of Temperature Rise Slow Rapid 

Major Greenhouse Gas Source Natural biogeochemical cycles Human activities 

Environmental Impact Gradual ecosystem adaptation Severe ecological disturbances 

Human Influence Minimal Significant 

CONCLUSION 

Climate change represents one of the most complex environmental and socio-economic challenges confronting 

humanity in the twenty-first century. Scientific evidence unequivocally confirms that anthropogenic greenhouse 

gas emissions are the dominant drivers of global warming, climate instability, and increasing environmental 

degradation. 

The present study highlights the multidimensional impacts of climate change on ecosystems, agriculture, 

biodiversity, water resources, human health, infrastructure, and economic systems. Statistical climate indicators 

demonstrate a continuous rise in atmospheric carbon dioxide concentrations and global average temperatures, 

emphasizing the urgent need for immediate and sustained climate action. 

Mitigation and adaptation strategies must be implemented simultaneously to reduce greenhouse gas emissions 

and enhance climate resilience. Renewable energy systems, carbon neutrality pathways, climate-smart 

agriculture, afforestation, carbon capture technologies, sustainable transportation, and green engineering 

innovations can significantly contribute to long-term sustainability. 

Emerging technologies such as artificial intelligence, smart grids, Internet of Things (IoT), and advanced climate 

modelling systems offer new opportunities for climate prediction, disaster management, and environmental 

monitoring. Furthermore, climate finance mechanisms and international cooperation remain essential for 

supporting developing nations in climate adaptation and sustainable development. 

Although international agreements such as the Paris Agreement and Glasgow Climate Pact have strengthened 

global climate governance, significant challenges remain regarding policy implementation, financial 

inequalities, technological accessibility, and political coordination. 

Future climate action should focus on accelerating renewable energy adoption, strengthening climate finance 

systems, promoting sustainable industrial transformation, enhancing environmental education, and integrating 

advanced technologies into climate management frameworks. Collective global efforts involving governments, 

industries, researchers, engineers, and communities are essential to achieve climate resilience, carbon neutrality, 

and sustainable development for future generations. 
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