


Urbanization Induced Climate Change: Impacts and Sustainable Solutions
Abstract
The 21st century is witnessing tremendous and remarkable changes across the globe and one of them is the urbanization, profoundly shaping the environmental dynamics and climate change. It is estimated that by 2024, 56 per cent of the world's population to resides in urban centres, and an increase of 70 per cent will be seen by 2050. These projections implied that urbanization have the potential to accelerate economic growth but possibility of exacerbating climate-related challenges is also there. Urbanization primarily influences climate change by means of increased d greenhouse gas (GHG) emissions. Urban centres account for about 70-80 per cent of global carbon dioxide (CO₂) emissions, principally from energy demand, industrial processes, and extensive transport systems.
Additionally, urban sprawl can lead to further deforestation and the destruction of natural habitats, which contributes to the urban heat island (UHI) effect: the phenomenon where cities become significantly warmer than their rural countryside surroundings. The impervious surfaces (like road and buildings) lead to increased stormwater runoff and the potential for flooding and water pollution, which climate change is only making worse. Consequently, urban spaces consume more energy, breathe lower air quality, and consume polluted waters which contributes to health issues and increase of financial burden on the pockets of urban populations. Urbanization induced climate change unequally affect the vulnerable populations in urban areas as they lack access to resources and infrastructure necessary for adaptation. This inequity underscores the need for inclusive urban planning that considers the needs of all residents, particularly marginalized communities.
However, Cities also provide opportunities to mitigate the challenges of climate change that urbanization brings. Urban settings can achieve economies of scale that minimize per capita emissions by adopting compact infrastructure and efficient public transit systems. For example, cities that invest in public transportation expansion and green building practices can greatly reduce their carbon footprints. Unfortunately, large numbers of cities, especially in developing countries, are following unsustainable growth patterns with informal settlements, poor public transport, and a reliance on fossil fuels. These practices not only aggravate environmental degradation but also impinge upon the potential to strong climate adaptation and resiliency.
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Introduction
The single most incredible global phenomenon of the 21st century is urbanization — with enormous implications for environmental dynamics, including climate change. It is estimated that over 56 per cent of the world’s population will be living in urban areas by 2024, and by 2050 the figure will be closer to 70 per cent (United Nations, 2022). This translates into an increase of 2.2 billion urban residents, living mostly in Africa and Asia. This kind of massive urbanization results in rapid economic growth and prospects as well as climate change induced hazards. One of the noticeable consequences of urban growth on climate change is the increase in greenhouse gas (GHG) emissions. Cities contribute approximately 70–80 per cent of worldwide carbon dioxide (CO₂) emissions, which are prominently driven by concentrated energy use, industrial processes, and expansive transportation systems (IPCC, 2023). 
The usage of fossil fuels to meet the energy demands further significantly contribute to the climate change. It also leads to deforestation and habitat loss, along with the increase of the temperature in urban spaces in comparisons to nearby rural areas. This not only increases energy demand to cool buildings but also worsens air quality, causing health problems in urban areas. Further, extensive impervious surfaces and pavements, such as roads and buildings, lead to increased stormwater runoff, which heightens both flooding and water pollution—problems further exacerbated by climate change.
Although urbanization brings the challenges of climate change, urban spaces also provide opportunities for climate mitigation. Urban settings can generate economies of scale leading to lower per capita emissions via consolidation of infrastructure (Newman & Kenworthy, 1999) and public transit systems. The cities that promote sustainable public transportation and green buildings can dramatically reduce their emissions. Many cities, on the contrary in the global south are using unsustainable models of urbanization characterised by informal settlements, inadequate public transport, and continued dependence on fossil fuels (UN-Habitat, 2020). These very circumstances amplify environmental damages and reduce the ability to adapt to and build resilience against climate change.
Moreover, socio-economic factors also determine the relationship between expanding urban spaces and climate change. Because of limited access to infrastructure, economic resources, and other means of adapting to climate-driven risks, the greatest impacts of climate are most often borne by urban-dwelling vulnerable populations (World Bank, 2010). Such inequalities highlight the significance of inclusive urban planning, which takes into account the needs of all residents, especially those who are marginalized.
Link between urbanization and climate change 
The issue of the intricate relationship between day in and day out expanding urban spaces and climate change has attracted attention in the global environment and climate change debates. It is now being accepted in large global forums that urban footprints are worsening the already degrading environment and climatic conditions across the globe. Related data show the dynamics of urbanization trends, changing population patterns, and economic development worldwide. This phenomenon is most intense in Asia and Africa. Take China for instance; a large portion of its urban agglomerations like the Peral River Delta and Yangtze River Delta, have seen tremendous urbanization in the last 30 years due to their recognition as global economic engines (Yang & Shen, 2018). African countries such as Nigeria and Kenya are undergoing fast urbanization due to natural population growth and rural to urban migration (United Nations, 2018). Likewise, India is undergoing rapid urbanization that is expected to have an urban population of 600 million by 2031 (Gupta & Khan, 2020). Urbanization in India has generally been unplanned, resulting in scattered urban expansion, as well as growth of shanties or slums. Among the informal urban settlements, Dharavi in Mumbai, one of the largest slums in Asia (Patel, 2017; Roy & Alsayed, 2019) and the Delhi-NCR region have experienced a vast urban growth and trend of urban spread.
Urbanization greatly affects local climates, and cities are typically 2–3 °C warmer than nearby locales, with the greatest temperature contrast observed at night and during winter months.  The modification of urban climate because of the complex interplay of building/road surface materials and their morphology, as well as a wide range of activities such as industrialization and vehicular emissions put city dwellers at more vulnerable positions. These new developments brought city to the centre of minimizing climate change and adaptation efforts. It was highlighted that urbanisation has received little attention in climate model projections, as the recent report from the Intergovernmental Panel on Climate Change (IPCC) noted. Further, it was also noted that differences between urban and rural climate change rates have also been overlooked in prior research endeavours (Grimmond et al., 2015).
The regions witnessing high urban growth are likely to significantly increase urban heat island (UHI) effect, which result in excess heat and extreme events that multiply the consequences of climate change on urban dwellers and infrastructures (McCarthy et al., 2010). Along with the growth of cities, per capita income also grows which causes rise in emissions due to increased consumption and energy use. Besides, cities give birth to new ideas and technology, if not managed with carbon mitigation strategies have the potential to increase carbon release in the atmosphere. Due to lack of controlling carbon emissions, the net effect of urban growth, is an increase in greenhouse gas (GHG) emissions and worsening of climate change issues across the globe (Kahn, 2009).
Manoli et al., (2019) notes that urbanisation largely bypassed in climate change studies and model projections, as discussed in the recent report from the Intergovernmental Panel on Climate Change. It underscores the importance of the variation in climate change over urban and rural areas, which is largely ignored in previous studies. The study considered an urban land surface scheme coupled with Global Climate Model (GCM) to quantify the effects of both local and global impacts of climate change. This approach demonstrates the necessity to simultaneously consider urbanisation and climate change effects to project urban climate change with more robustness.
Consequences of urbanization induced climate change
Urbanization is one of the critical determinants of climate change as it influences land use, greenhouse gas emissions as well as local climate systems. These changes have wide ranging implications for the environment, human health, infrastructure, and socio-economic systems. The subsequent discussion focuses on how urbanism drives climate change, and what that means. These changes are already having major effects on human health, economic viability and social equity, and their impacts are disproportionately affecting the most marginalized populations.
According to Zhang et al., (2023), urban land‐use change can impact “biogeochemical carbon (C) and nitrogen (N) cycles” as well as associated greenhouse gas (GHG) fluxes widely from regional to global levels. Urbanization is a strong driver of climate change, contributing on an average to 153 per cent higher soil nitrous oxide (N2O) emissions and a 50 per cent reduction in methane (CH4) uptake. It is found that urban soils were strong regional hotspots for the emission of N2O globally, releasing 0.46 Tg N2O-N per year and decreasing 0.58 Tg CH4-C per year. The observed urban-induced alterations in soil N2O emissions and CH4 uptake were found to be correlated with changes in soil properties, coupled with rising temperatures, and with management practices, especially the usage of fertilizers. 
As Kahn (2009) notes that between the years 1950 and 2030, urban population across the globe will increase from 30 per cent to 60 per cent. Significantly, this has implications both for the climate change and for the social costs that climate change will impose on the human populations by impacting quality of life. The study looks at the impact of urbanization on greenhouse gas production, especially without explicit carbon incentives. For example, some cities, such as Los Angeles in Southern California, would see their levels of climate amenities dropped drastically, while other cities—for example in Florida—might gain such amenities. Changes in climate may affect these features, altering migration routes and stunting economic growth along with effect on housing prices and wages. Cities with cooler winters and warmer summers could witness falling home prices and rising wages, as people adapt to a new climate regime. Certain cities, especially those located along the coast, face the potential of exacerbated flooding from climate change for example cities like Kolkata and Mumbai will see a significant rise to the population exposed to coastal flooding by 2070.
Helbling & Meierrieks (2022) finds robust long-run relationships between temperature increases and urbanization rates across 118 countries from 1960 to 2016—especially in low-income, agro-economies, and non-urban economies of hotter climate zones. The impact of temperature increase on urbanization rates is more apparent in the long run, and in this aspect is a stronger relationship compared to any immediate effect. The relationship between global warming and urbanization is country-specific also, particularly, the poorest and more agriculture-dependent countries lean towards urbanization and therefore, more climate change issues. 
Climate change is also associated with deforestation along with urbanization, these two are bringing sweeping changes across land use patterns resulting into ecological collapse and temperature increase. Urban sprawl often results in deforestation, contributing to climate change by increasing greenhouse gas release in the atmosphere and diminishing carbon sinks. Liu et al. (2019) reported that worldwide urban areas expanding by an average of 5694 km² year-1 from 2000 to 2010, resulting in substantial terrestrial NPP loss, with a net loss of 22.4 Tg Carbon year-1. This unprecedented decline in NPP induced by urbanization dampened 30 per cent of the climate-induced rise of 73.6 Tg Carbon yr−1 over the equivalent period.
Chen et al., (2021) noted that urbanization causes climate change through the urban heat island effect, changing precipitation distribution pattern, and extreme weather conditions, etc. that aggravate the global climate change effects. Changes in climatic conditions results in to increase in energy consumption, higher death rates, the spread of communicable diseases, extreme weather damage to infrastructure and shortages of water. Overall, these contributing factors pose a threat to community resilience and well-being, emphasizing the necessity of interdisciplinary cooperation in regulating the impacts of urbanization on climate and the advancement of sustainable development in communities. Greenwalt et al., (2018) described various climates change-related risks such as storm surges, extreme precipitation, heat stress, rising sea levels and flooding for urban areas and added that these are growing further. Due to these risks, marginal people living in informal settlements, without enough housing, basic services, and reliable infrastructure are more vulnerable.
Degórska & Degórski, (2018) noted that urbanization worsens the impacts of climate change, particularly in populous cities such as Warsaw, which face more frequent heatwaves and torrential rainfall. This exacerbates the urban heat island effect, which is detrimental to human health, particularly for vulnerable groups like the elderly and children. These changes to land use and reduction of biologically active spaces lead to lowering of quality of life and increased risk of mortality. To lessen these negative consequences and increase the resilience of urban settings, sustainable strategies need to be adopted. 
Tiwari et al. (2023), show that urbanization-induced climate change negatively influences overall well-being by increasing unsustainable consumption of resources and inducing ecological imbalances in each system of nature resulting in frequent weather irregularities such as forest fires, floods, heat waves, etc. In developing countries like India, with slack governance, these problems are more acute. Urbanization is a growing trend; hence it requires new climate-change sensitive approaches and policies to promote resilient urban communities with improved quality of life.
Climate change exacerbates severe and catastrophic weather events, rise in sea-level, and changes in the precipitation patterns in urban spaces (Rosenzweig et al., 2018) These interrelated processes threaten the viability of ecosystems, biodiversity, and community health. Urban sprawl, for instance, tends to encroach on natural landscapes and cause destruction and loss of habitat, endangering biodiversity and ecological services that are vital for health and well-being of populations (McDonald et al., 2019). In addition, the effect of increasing heat aggravates heat-related morbidity and deaths among marginal communities with denser populations. Even worse, climate change events such as floods and storms have the potential to cripple the urban infrastructure, negatively impact water quality and increase vector-borne diseases whose net effect could deflate human health and resilience.
Debnath et al. (2023) assesses the consequences of intense climate change caused heat waves on health and productivity of people of ten South Asian megacities for over 29 years (1990–2019). Cities like New Delhi, Mumbai, Kolkata, Ahmedabad, Chennai, Dhaka, and Chittagong are facing increasing time of exposure to danger levels of hyperthermia, which can cause debilitating health effects like heat cramps, exhaustion, and stroke, it points out. The study finds a notable increase (compared to 2011) in the adverse heat stress level experienced in relation to work demands, and hence work hours lost for vulnerable populations under different work intensity scenarios. The vulnerable population in the studied megacities might have to reduce annual work hours by 0.25–860.6h (light work), 43–1595.9h (moderate work), and 291-2402h (heavy work) due to extreme heat in 1990–2019. This will impede the efforts to achieve Sustainable Development Goals (SDGs) in desired timelines.
Kaur & Pandey (2021) evaluate the critical impact of air pollution and climate change on health of people in Indian cities and notes that outdoor pollution is one of the primary causes of premature mortality due to its detrimental effect on human health and quality of life. It highlights the need for close monitoring of air quality, given high pollutant levels like PM 2. 5, associated with respiratory and cardiovascular illnesses. Given that urbanization in India is expected to increase by leaps and bounds, the study highlights the requirements for efficient mitigation approaches and urban planning to address, the urbanization induces environmental challenges.
Sustainable solutions to the urbanization induced climate change consequences 
Sustainable urban planning is essential for reducing the carbon footprint of cities. Through the integration of environment friendly practices and technologies within urban development, sustainable urban planning can alleviate the immediate pressures of urbanization on the environment while preserving economic, social, and environmental priorities for sustained growth. Li (2024) highlights that adopting green building construction standards, enhancing energy efficiency, and focusing on renewable energy sources are crucial for lowering urban carbon emissions. Moreover, the expansion of public transport systems and the construction of bike-friendly infrastructure can significantly reduce dependence on fossil fuel-powered vehicles. To achieve long-term sustainability for the economy, environment, and society, cities should prioritize the preservation of natural habitats and promote biodiversity protection, which can aid in absorbing carbon emissions.
Martos et al. (2016) noted the high contribution to global greenhouse gases emitted by the cities and underlined the importance of sustainable design and management of urban areas, particularly in the less developed countries. Key elements of sustainable urbanism, such as integrating urban transport with land use planning, promoting environmentally sound travel behaviours and enhancing energy efficiency in buildings needs to be put into practice. These measures can significantly lower the carbon footprint of cities and helps in achieving sustainability. Further encouraging the conservation of existing green areas and the establishment of new green areas, as well as the implementation of integrated waste management systems can go a long way in managing urban induced climate change threats.
Cao and Li (2011) also pointed out that the sustainable urban planning can limit the carbon footprint by promoting optimum utilization of resources, reasonable utilization of urban spaces and adherence to ecological principles. his involves building efficient public and rail transit systems as well as integrating low-carbon energy technologies, which together guarantee the quality of the environment, the conservation of resources, and social harmony. 

Whereas, Davoudi & Sturzaker (2017) investigated various urban planning policies in Europe and America that were designed to encourage the employment of energy efficient urban forms and carbon emission reductions and witnessed their limited effectiveness. Although many urban policies have been launched since the beginning of the 20th century to reduce energy-intensive patterns but urban sprawl and demands for long commuting distances are continuing, indicating that these policies are only partially successful. The restrictive level of success is also due to the fact that these policies are isolated from other dimensions within an institutional framework that lacks complementary policy packages.
In order for the urban planning policies to become more effective in addressing the issue of sustainable urban development, one must consider the relationships between institutional rules, development finance, and social and cultural practices. Greenwalt et al. (2018) emphasized the significance of collaborating and coordinating with local communities, applying ecosystem-based approaches in addressing urbanization induced climatic hazards. Retrofitting urban areas in high-income countries can generate significant emissions reductions and concurrently improve mobility and energy security. But it’s also vital to improve infrastructure and basic services for the people who live in informal settlements.
In addition, implementing global agreements at the city level, and improving capacity, data and finance, will facilitate sustainable development and resilient urban areas. Cullis et al. (2019) analysed the fundamental interactions of urbanisation, climate change and water-quality-related risks in the BRC and demonstrated that there is a need to invest in risk-mitigation measures, which include enhanced waste-water treatment facilities and maintaining ecological infrastructure. Lastly, Li et al. (2022) illustrated the pressing need for adopting multifaceted strategies to address the unintended consequences of climate change. The study suggests to enhance capacity of the planning institutions and early warning systems while focusing on low-income groups to manage heat stress, raising community awareness, and demanding more research into land use patterns and blue-green infrastructure to mitigate the effects of increasing urban temperatures.
Conclusion
To summarize, the complex interdependence of urbanization and climate change offers both daunting barriers and exciting pathways for sustainable development. The continuous expansion of the urban areas affects environment and climate disproportionately due to emission of various harmful gaseous. The unabated expansion coupled with unplanned development exacerbate climate-related impacts, such as the urban heat island effect, habitat destruction, and increased vulnerability of marginalized populations. The current scenario underscores the necessity for inclusive and forward-thinking urban planning that integrates environmental, social, and economic considerations. The adverse effects of urbanization-driven climate change are multi-dimensional, necessitating an integrated approach to urban sustainability that emphasizes energy efficient policies, promotion of public transport and focus on green infrastructure-based growth strategies. 
In addition, designing comprehensive adaptation and mitigation strategies requires interdisciplinary approaches that cross the natural and social sciences. By involving local people and using ecosystem-based solutions it is possible to build urban centers that are better able to deal with climate-related risks while supporting biodiversity and improving quality of life. While projecting cities to host an increasingly greater percentage of the global populace, the nature of sustainable urbanization becomes progressively urgent. Finding a way forward will entail collaboration between governments, researchers, and civil society to ensure that urban expansion is consistent with climate goals to protect the health of present and future generations. Through sustainable urbanization, we can develop resilient cities that flourish alongside the eco-system, paving the way for a sustainable and equitable future ahead.
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