A Study on the Impact of Land Use Change on the Urban Heat Island Effect in London
Abstract
The urbanisation process has also significantly changed the physical form of cities by substituting natural land cover with the impermeable surfaces (roads, buildings and other artificial materials). A significant environmental impact of such a process is that urban heat island effect in which urban regions are generally warmer than the rural regions due to alterations in surface properties, vegetation cover and energy balance. London is of particular interest as it has had a long history of urban expansion, but also has been confronted with the growing threat of overheating, heat risk and climate resilience. This paper thus explores the potential impact of land use change in London between 2010 and 2020 on the urban heat island effect. The study follows a quantitative research design using Landsat satellite imagery, spatial analysis using GIS, regression analysis. The data, collected in 2010, 2015 and 2020 will be compared to determine how land use and land surface temperature have changed over time. Land use will be categorized into big groups such as built-up land, vegetation, water bodies and open land, maps of land surface temperature will be generated to determine the spatial thermal patterns in London. The question of whether or not certain land use categories are strongly related to high temperatures or low temperatures will then be analyzed through regression analysis. The research will demonstrate that developed growth is related to increased land surface temperature, but vegetation and water bodies have cooling effects. The study is important as it is unique in adding to the body of literature on urban climate, remote sensing and land use change, and also providing results of practical value to planners and policymakers interested in climate adaptation and sustainable urban development in London (Oke, 1982; Voogt and Oke, 2003; Weng, 2009; Greater London Authority, 2024). 
1. Introduction
One of the most important types of land transformation that is caused by human factors is urbanisation. Cities grow at the expense of vegetation, bare soil and open lands are often substituted by roads, buildings and other impervious surfaces. This affects thermal and hydrological behaviour of urban landscapes, whereby it enhances heat absorption, decreases evapotranspiration, and alters the incoming and outgoing energy balance. Among the most well-known outcomes of such a process is the urban heat island effect where urban areas are warmer than their rural surroundings. The energetic basis of this phenomenon was explained by Oke, although subsequent research established that urban form, land cover and built density are all significant in explaining spatial temperature variation in cities (Oke, 1982; Stewart and Oke, 2012). 
The urban heat island is not a mere issue in the theory of urban climatology. It also entails significant environmental, social and planning consequences. Increased urban temperatures may exacerbate thermal discomfort and energy needs to cool buildings, aggravate heat-related health risk and degrade urban resilience to climate change. These issues are particularly critical in huge and highly-populated urban areas where the built surfaces prevail and natural cooling opportunities are not distributed equally. The London Environment Strategy singles out climate adaptation, environmental risk management as key priorities, whereas the London Climate Resilience Review notes that overheating, extreme heat, and resilience gaps are severe issues faced by the city (Greater London Authority, 2018; Greater London Authority, 2024). 
London presents a good case study to analyse the interaction between land use change and urban heat. It is a large international metropolis that has constantly undergone restructuring, development of infrastructure and population increase. Simultaneously, previous studies show that London still faces a prominent and dynamic urban heat island. Bohnenstengel et al. (2011) modeled the urban heat island of London with the Met Office Unified Model, Wilby, Jones and Lister (2011) investigated the decadal changes in the nocturnal heat island of London and Pérez et al. (2024) proved that the spatial extension and trend of the London urban heat island are still very topical. These papers confirm that London is already a significant location of urban climate studies, but they also indicate the possibility of further intensive research on the topic of how recent land use change can have contributed to temporal spatial temperature patterns within a specific period of time. 
It is against this backdrop that the current research explores the potential impacts of land use change in London, 2010-2020, on the urban heat island effect. Instead of merely addressing general climate modelling or a general policy discussion, the paper narrows down to a single issue, namely, the relationship between land transformation and thermal change in the past ten years. This emphasis is significant since the change in land use is one of the most direct spatial manifestations of urbanisation. Gaining insight into the role of the increased land area and the decrease in natural surfaces in intensifying urban heat patterns can potentially result in evidence that could be valuable academically and in practice alike. 
2. Research Aim, Objectives and Questions
The general purpose of this research is to examine the impact of land use change in London over 2010 to 2020 and how it has influenced the urban heat island effect.
The study has four objectives to attain this objective:
1. To determine the key trends in land use change in London over the period 2010-2020. 
2. To examine the changes in the spatial distribution of land surface temperature over the same period. 
3. To test the connections among the key land use types and the land surface temperature. 
4. To determine whether the urban heat island effect was increased by the increased built-up land cover in specific areas in London. 
The following research questions are the result of these objectives:
1. What has been the nature of land use change in London over the last ten years (2010-2020)? 
2. What was the change in the spatial distribution of land surface temperature in this period? 
3. What types of land use were found to be higher or lower in temperature? 
4. Did an increase in built-up land intensify urban heat islands in certain regions of London? 
The questions are suitable as they relate land transformation, environmental change and spatial analysis in a direct and quantifiable fashion, which is in line with the strengths of remote sensing and GIS-based urban climatic research (Voogt and Oke, 2003; Weng, 2009; Patel et al. , 2024). 
3. Literature Review
3.1 Urban heat island theory and land transformation
The urban heat island has been traditionally known as a result of the disturbed surface energy equilibrium of urban areas. Oke (1982) showed that the storage and release of heat by urban materials differed compared to rural surfaces, and the subsequent work of Arnfield (2003) synthesized the contributions of 20 years of research and emphasized the role of turbulence, radiation, moisture exchange and surface properties in the development of urban thermal behaviour. The tradition of theory is still central as it demonstrates that the temperature of the urban areas is not determined by a single factor but it is a complex of land cover, built form, vegetation and atmospheric conditions. This understanding was further refined by Stewart and Oke (2012) in the Local Climate Zone framework, which categorizes the urban environments based on surface cover, structure, materials and human activity. The LCZ framework is particularly helpful as it describes the reasons why temperature can be different not only among cities and suburbs, but among different districts of the same city as well. 
This is particularly of interest to land use change since it represents the change in surface that is physically captured over time. Thermal properties of the landscape also vary when a vegetated or open land is replaced by a dense built-up development. Less vegetation means less shading and evapotranspiration, and impervious surfaces are more likely to reflect and re-radiate heat. Land use change is, in this sense, not a background variable. It is among the primary channels, by which urbanisation alters the local thermal environment. The assumption that alterations in built-up land, green space and water bodies can affect land surface temperature and spatial expression of urban heat are thus well supported in the literature (Oke, 1982; Voogt and Oke, 2003; Stewart and Oke, 2012). 
3.2 Remote sensing, GIS and land surface temperature analysis
Remote sensing has emerged as one of the most significant methods of studying urban heat trends since it enables researchers to study large regions in a coherent manner over a period of time. Voogt and Oke (2003) surveyed the contribution of thermal remote sensing to urban climatology and demonstrated that satellite-based temperature measurements can be useful in evaluating patterns of urban heat islands, land cover and surface-atmosphere exchange. Weng (2009) also showed that thermal infrared remote sensing is very appropriate when analyzing the land surface temperature patterns, as well as when there is need to find out the relationship between surface characteristics and the temperature pattern. These researches offer a robust research methodological ground based on land use classification coupled with thermal mapping and spatial analysis. 
But the literature also cautions that the temperature of the land surface is not identical to air temperature. Among the methodological traps in urban-heat studies by remote-sensing, according to Parlow (2021), are situations where researchers are unable to distinguish between the surface urban heat island and atmospheric urban heat processes. Also, Shi et al. (2021) note that remotely sensed thermal data is highly valuable yet should be treated with care toward concepts, datasets, preprocessing and interpretation. These warnings are essential to the current research since they help clarify that the Landsat-based thermal analysis must be conceptualized strictly as land surface temperature analysis and not as an actual measurement of the entire urban heat island in the atmosphere. 
This type of research is particularly appropriate with Landsat data. The Landsat Collection 2 Level-2 products offered by the U. S. Geological Survey have both the surface reflectance and surface temperature data, which are extensively applied in the land cover analysis and thermal research. Since these are long-period products, they facilitate multi-date comparison and detection of medium-term changes, which are suitable in the present study: 2010, 2015 and 2020 (U. S. Geological Survey, 2022; U. S. Geological Survey, n. d. ). 
3.3 Land use change, greenery and thermal mitigation
An increasing literature indicates that land use and land cover change has a close relationship with urban thermal conditions. With a recent systematic review, Patel et al. (2024) affirm that built-up land is likely to be related to increased land surface temperature, and vegetation and water bodies often have a cooling effect. The result is aligned with more general remote-sensing studies, and it offers solid evidence to utilize land use classification and temperature mapping in urban heat studies. 
In the literature, it is also proposed that not every category of land-use can be equally influential in terms of thermal results. It is commonly known that green spaces can be very effective in reducing the urban heat due to its shading effect, evapotranspiration and surface albedo. In the study by Marando et al. (2022), green infrastructure was shown to mitigate urban heat in the European functional urban areas, which supports the significance of greener urban form in adapting to climate. Zhou et al. (2023) also suggest that it is not just the area of urban green space that cools but also the spatial structure and climatic environment. This implies that the form of land use as a spatial pattern might be as important as the overall amount of land use change itself. 
Blue infrastructure can also have cooling effects, but the impacts of blue infrastructure can depend on the climate background of the area, morphology and time of day. The important implication to this proposal is that built-up land, vegetation, water bodies and open land are not all thermally neutral categories. They would yield various thermal results, and that is why they are suitable and significant analytical classes in the current study (Marando et al. , 2022; Zhou et al. , 2023). 
3.4 London-specific studies and the research gap
Important research on urban heat has already been done on London. Bohnenstengel et al. (2011) demonstrated that the spatial structure of the temperature increment and sensible heat flux were controlled largely by urban land-use fraction. McCarthy et al. (2012) simulated climate change in UK cities with the help of a regional climate model and have shown that urban climates are vulnerable to urbanisation as well as to background climate change. Grawe et al. (2013) particularly investigated the influence of urbanisation on the climate of the region, in Greater London Area, and found that the surface of the city of London influences near-surface temperature, the range of daily temperature, and the structure of wind. The relevance of the urban heat island in London is also continuing based on observational work. The decadal variations in the nocturnal heat island in London were recorded by Wilby et al. (2011), whereas Chapman et al. (2017) measured the urban heat island in London at a fine spatial resolution with Netatmo weather stations. The most recent study by Pérez et al. (2024) has shown that the London urban heat island is still a dynamic and ongoing process. 
Simultaneously, a more specific study, specifically land use change as well as land surface temperature over a well-defined period of ten years, is still possible. The current literature on London research tends to focus on atmospheric modelling, observational networks, longitudinal urban heat patterns or policy-level resilience. In comparison, the current proposal is explicit on the possible role of land use change in the period 2010-2020 in influencing spatial patterns of land surface temperature. This concentration offers a niche manageable and well-grounded in terms of MSc-level research. 
4. Methodology
4.1 Research philosophy and design
The orientation of research and research design embraced in this study are positivist and quantitative research. The positivist approach suits the project since the research is interested in quantifiable physical transformation in the urban environment and not the subjective perception or experience. The research questions are limited to land use categories and statistically testable relationships as well. Consequently, the research can be targeted by the secondary spatial and environmental data instead of interviews or questionnaires. The given methodological decision is aligned with the existing tradition in the field of urban climate and remote-sensing studies (Voogt and Oke, 2003; Weng, 2009; Patel et al. , 2024).  
4.2 Study area
Greater London is the study area. London is chosen due to the fact that the city contains a high urban centre, a transport system, urban sprawl, fractured and high-scale green areas and major river and water systems in one urban area. It is also becoming a subject of growing policy interest regarding overheating and climate resilience, rendering it an academic and practical subject. Moreover, the city of London is diverse enough in terms of urban fabric to enable the spatial comparison of thermal conditions in different land-use settings that is meaningful (Greater London Authority, 2018; Greater London Authority, 2024).  
4.3 Data sources
There will be three primary types of data. The Landsat satellite images will be used to extract land use classification and the land surface temperature in the first place. Landsat is suitable since Collection 2 Level-2 products have the ability to measure surface reflectance and surface temperature across extended durations of time. Secondly, the associated meteorological data will be supported where needed to provide seasonal and weather-related context, but the primary thermal analysis will be based on land surface temperature. Third, datasets related to spatial boundaries or planning can be adopted to aid classification and mapping. Collectively, these data sources assist in the determination of land change as well as thermal change (U. S. Geological Survey, 2022; U. S. Geological Survey, n. d. ).  
4.4 Temporal strategy
The study will compare imagery from 2010, 2015 and 2020. The dates give a reasonable trade-off between time scope and the feasibility of the project. With three points over a decade, medium-term change can be identified as opposed to a one-year snapshot. To minimize seasonal variation, similar seasonal imagery will be chosen wherever possible, preferably during warmer months when the thermal signal at the surface is more noticeable and cloud-free scenes have a higher chance of being available. This methodology is in line with the practice in the studies of land surface temperature using Landsat (Weng, 2009; U. S. Geological Survey, n. d. ). 
4.5 Analytical procedure
Land use classification will be the initial stage of analysis. The four broad categories of land use are going to be built-up land, vegetation, water bodies and open land. These classifications are suitable since they are types of land-covers that are both thermally significant and tend to be commonly separated in the urban heat research of remote-sensing. Classification will be supervised, assisted by existing spatial reference layers where needed and visual verification. A confusion matrix and conventional classification accuracy measures will then be used to perform an accuracy evaluation. This stage aims at determining the change in surface composition of London between 2010 and 2020. 
The second phase will be the land surface temperature analysis. The Landsat thermal products will be used to produce land surface temperature maps in every selected year. These maps will be employed to visualise the spatial thermal differences and to find areas of greater and lesser thermal intensity. The analysis will be explicitly based on the apparent expression of heat as opposed to purportedly quantifying the intensity of urban heat islands in the atmosphere. This is the difference because, as it is repetitively mentioned in the literature, land surface temperature and near-surface air temperature should be separated (Weng, 2009; Parlow, 2021; Shi et al. , 2021). 
The third phase will be to examine the correlation between land use and temperature. Observation of whether built-up expansion areas are associated with warmer thermal signatures will be done through descriptive spatial comparison initially. This will be followed later by regression analysis whereby the land surface temperature is the dependent variable and land use types or proportional land-cover are explanatory variables. This stage aims to determine whether various types of land-use have significant relationships with the increased or decreased temperatures. Such a combination of remote sensing, GIS-based spatial analysis and regression modelling is firmly embedded in the literature and ought to offer a viable and rigorous design of an MSc-level project (Voogt and Oke, 2003; Patel et al. , 2024). 
4.6 Reliability and validity
There are a number of steps that will be undertaken to enhance reliability and validity. First, the studies will use similar data sources and similar seasonal imagery throughout the study period. Second, accuracy in classification will be tested as opposed to being assumed. Third, the study language will be maintained to be accurate, particularly in the process of differentiating land surface temperature and surface urban heat processes with atmospheric urban heat processes. Fourth, the results interpretation will be careful and in tandem with what the data will be able to demonstrate. Such measures are significant since methodology reviews have emphasized that the research on urban heat may become inaccurate when various thermal notions are mixed or when satellite products are understood in a rather loose fashion (Parlow, 2021; Shi et al. , 2021). 
4.7 Ethical considerations
This research is likely to have very little ethical risk since it will be based on secondary environmental and spatial data, but not on human participants. No surveys, personal data and interviews are suggested. However, ethical practice is still applicable on the academic integrity, use of transparent data and proper attribution of all maps, datasets and published material. Licensing or attribution requirements that are related to data providers will be adhered to where necessary. In the area of MSc research governance, the project is thus low-risk, but not free of ethical responsibility. The course requirement to complete an ethics form remains.
5. Expected Findings and Significance
This is a proposal and not a study that is done but the available literature makes it possible to make some tentative expectations. It is anticipated that the area under development will be linked with an increase in land surface temperature since impervious surfaces and highly populated areas retain and re-radiate more heat. One would also expect vegetation and water bodies to be characterised by lower temperatures due to the effects of shading, evapotranspiration and cooling. Another anticipation is that regions with good built-up growth since 2010 to 2020 might have a higher surface heat ratio compared to regions that did not gain more or lose less vegetative cover. These are the expectations that align with the past reviews and empirical studies (Patel et al. , 2024; Marando et al. , 2022; Zhou et al. , 2023). 
The research is both theoretically and practically meaningful. Theoretically, it can help in the comprehension of the influence of land use change in urban thermal environments of a major world city. It further enhances the application of medium-term comparison and spatially explicit to investigate urban heat. In practice, the research can assist planners and policy makers in determining the locations where pressures related to heat are most likely to be most strongly associated with land transformation. Such results may be relevant in terms of the current urban greening agenda, development regulation, overheating mitigation, and spatial adaptation planning (Greater London Authority, 2018; Greater London Authority, 2024) in the context of the current climate-resilience agenda in London.  
6. Limitations
A number of restrictions should be considered. First, the article concentrates on the land surface temperature and not direct measurements of temperature in the air. This is to say that it is not the surface manifestation of urban heat but the entire atmospheric urban heat island as a whole in all its meteorological complexity. Second, three-date analyses over a decade are more feasible but lower temporal resolution than annual or seasonal time-series analysis. Third, cloud cover can affect satellite-based thermal analysis, quality of image and seasonal comparability. Fourth, land use classification is never without some degree of uncertainty particularly in the case of mixed urban surfaces. Lastly, regression analysis can be used to determine statistical relationships but cannot establish causality strictly speaking. Nonetheless, such constraints are reasonable in the framework of an MSc project and do not negatively affect the worth of the research as long as they are explicitly defined and well controlled (Parlow, 2021; Shi et al. , 2021; Weng, 2009).  
7. Provisional Timetable
The timetable is proposed to be six stages. The initial month will be dedicated to the improved research questions and a more comprehensive overview of the literature. The second month will entail data gathering of Landsat imagery and aiding spatial data. The third month will be spent on classification of land use and testing of accuracy of classification. The fourth month will be devoted to the extraction of land surface temperature and thermal mapping with the help of GIS. Regression analysis and interpretation of results will be done in the fifth month. The last month will be dedicated to writing, revision and final preparation. This schedule is a realistic one in such a project of this magnitude since it enables a clear flow of events starting with conceptual development through to data processing, analysis and write-up. 
8. Conclusion
This proposal has presented the argument that the change in land use is a significant channel by which urbanisation has an effect on the urban thermal environment. London is the right place to study such an investigation since it is a city with a long-standing urbanization process with increasing concerns on overheating and climate durability. The work will rely on existing research in the area of urban climate, remote sensing and land-use analysis, and suggest the quantitative design that will be based on Landsat images, GIS mapping, and regression analysis of the interdependence between land use change and land surface temperature between 2010 and 2020. It is likely that the research will demonstrate that built-up expansion is linked to warmer thermal conditions, and vegetation and water have a cooling effect. In a wider sense, it is meant to make a policy-relevant and focal contribution to the literature of knowledge on how urbanization has influenced the thermal geography of London in the last ten years (Oke, 1982; Voogt and Oke, 2003; Greater London Authority, 2024).
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