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[bookmark: _Toc1917704431]Abstract
Does the increase in impermeable surfaces affect the impact of flooding and surface run-off on greenfield sites and urban areas?

This study will be investigating how the increase in impermeable surfaces influences the greenfield and urban areas in terms of flooding and surface run-off. This research project was completed due to the requirements of sustaining the growing population of the UK having an increase on our urban areas meaning that more natural areas such as flood plains are being built on now than ever before due to desired land for building being obtained already. To see if this had an effect or not, multiple data sources such as Geographical Information systems and historical flood records from across different UK locations will be analysed to see if there has been any change. This will highlight if certain materials or structures such as concrete, have caused these events from climate change to be enhanced due to human intervention of the physical landscape. 
[bookmark: _Toc549052366]Introduction
Rising urbanisation is the main cause for a growing increase in impermeable surfaces across the UK (Şevki Öztürk et al., 2024). Each year more people are moving from rural areas into urban environments causing a steady growth of cities and towns across and a decrease in greenfield areas (Belderbos, 2025). Common impermeable surfaces are roads, roofs and concrete which are common in all environments within urban areas meaning that surface run-off increases. Surface run-off (also known as overland flow or terrestrial runoff) is the unconfined flow of water over the ground surface (USGS, 2019).  Due to the increase of impermeable surfaces, traditional sequestration routes for water are now being blocked due to the material not allowing it to pass through such as soil. Urbanisation is then widely linked to increasing the risk of flooding in these areas, some strategies are linked to help resolve it however this is just off put in another area such as Greenfield sites (Miller and Hutchins, 2017).

[bookmark: _Toc1600385581]Research Question
This study aims to evaluate to which increasing impermeable surface coverage across the United Kingdom has an influence on flooding and surface run-off dynamics in urban and greenfield sites. Despite many theories debating the fact that urbanisation is the main effect on the hydrological cycle, factors such as changing climate, rainfall intensity and drainage infrastructure all can contribute to this narrative (Miller and Hutchins, 2017). This research adopts an approach to examine how far the impermeable surfaces expansion in the UK is the primary driver for increased flooding risk.
To be able to successfully analyse whether impermeable surface area the main factor for increasing flooding, some aim and objectives of this report need to be stated to make sure we pursue the question being asked.
Objective 1 - To analyse the relationship between impermeable surface coverage and surface runoff rates within both urban and greenfield areas. 
Objective 2 - To compare the hydrological responses of urban and greenfield environments in similar rainfall conditions.
Objective 3 – To evaluate the extent of urban drainage systems and do they help to mitigate or enhance flood risks
Objective 4 – To assess the interaction between urbanisation and climate change in influencing frequency and intensity

[bookmark: _Toc1411832157]Literature Review
[bookmark: _Toc216000064]Introduction
Research into the relationship between impermeable surfaces and flooding has expanded significantly in the last 30 years, largely driven by increasing urbanisation and the growing impacts and knowledge of climate change.
This review examines existing literature across four key themes: the hydrological impact of impermeable surfaces, differences between urban and greenfield systems, the role of climate change, and the effectiveness of mitigation strategies. 
[bookmark: _Toc1231256372]Impact of Impermeable surfaces
Surface runoff varies significantly depending on factors such as topography, soil permeability and land use, highlighting the complexity of isolating impermeable surfaces as a singular causal factor (Zhou et al., 2023). Due to the vast volume of factors that can change this rate on permeable surface highlights the importance of studying surface runoff on impermeable surfaces. Several studies show that impermeable surfaces significantly increase the rate of surface runoff (Sustainability Directory, 2026), whilst others suggest that there are too many factors to say.
On natural ground found in rural areas within the UK, precipitation is the main source of surface runoff cause when the infiltration rate cannot withstand the volume of water passing across the surface. Infiltration refers to the process where water on the ground seeps into the soil (Knight, 2025). The increase in vegetation within these areas and ground formation of soil, allows the water to dissipate and make it way back to a larger source of water such as a stream or a river. In urban areas, manmade drainage systems are installed to try and replace this natural system taking water away from high value areas to sacrificial land or bodies of water.   
The impact of impermeable surfaces can be further understood through their influence on hydrograph characteristics. Urban catchments typically exhibit shorter lag times and higher peak discharge compared to natural systems, reflecting the rapid transfer of water into drainage networks. This altered hydrological response increases the likelihood of flash flooding, particularly during high-intensity rainfall events.
By looking at several studies regarding this argument, many argue that the expansion of impermeable surfaces is a primary driver of increased surface runoff, highlighting a strong and direct relationship between urban development and altered hydrological responses. These statements say that replacing permeable materials with manmade replacements such as concrete & asphalt decrease the infiltration rates causing higher volumes of surface runoff. Additionally, due to the lack of friction on these impermeable materials, results in a higher velocity which affects the peak discharge on storm graphs in urban areas compared to greenfield sites.
However, contrasting evidence suggests that impermeable surfaces alone may not fully contribute to this change in value and flooding rates. Research such as precipitation intensity, soil saturation levels and urban drainage efficiency can affect this result consequently causing common flooding. The main arguing factors with these statements are the locations specific to the question being asked and are they going to ignore drainage systems in urban areas as you are then not analysing the true surface runoff effects on flooding. 
[bookmark: _Toc321690327]Urban vs Greenfield Hydrology
Urban and Greenfield environments have fundamentally different hydrological cycle and behaviours due to variations in land covers and surface permeability. The hydrological cycle is the continuous movement and circulation of water around the earth (Britannica, 2019). In greenfield systems, the hydrological cycle operates in a natural state where precipitation s distributed between, infiltration, evapotranspiration, and slow surface runoff due to interception from vegetation (Britannica, 2019). This decrease in surface runoff allows for the ground to absorb water acting as the natural drainage for the area, transporting it to local streams or rivers. 
Many studies have a clear distinction between the two systems, suggesting urban consistently generate higher runoff volumes and shorter lag times compared to greenfield sites under similar rainfall conditions. This is often attributed to the reduced capacity for water absorption and the use of artificial drainage networks that rapidly convey water to streams and rivers. Other research suggests that Greenfield sites have been modified through agriculture practices or where urban areas incorporate effective drainage and water management systems.
Whilst many studies emphasise the contrast between the two systems, some fail to keep control variables such as the rainfall intensity, soil type or topography meaning that their reliability of their conclusions can be debated. Additionally, there is also some evidence to suggest the validity of the greenfield sites when there could have been the possibility of human intervention and not completely natural.
In addition to differences in impermeability, greenfield sites benefit from higher rates of evapotranspiration and soil water storage, both of which contribute to reduced runoff volumes. Urban areas, by contrast, lack these buffering mechanisms, resulting in a more immediate and pronounced hydrological response.
Overall urban environments consistently demonstrate more rapid hydrological responses such as flash flooding, with the magnitude of variation depending on the factors such as land use history, soil conditions and present drainage infrastructure.
[bookmark: _Toc328656610]Example – 2007 UK Urban Floods
2007 UK floods were one of the clear examples in recent history where impermeable surfaces had an impact on the flood risks within urban and greenfield areas. Large parts of England such as Sheffield and Hull were severely affected by these floods. Analysis on these two urban areas has been made since 2007 and has highlighted that extensive urban development with high levels of impermeable surfaces combine to create high velocity surface runoff, resulting in drainage systems becoming overwhelmed. Due to this high surface runoff, rivers and stream became flooded as well as high volumes of surface water accumulation due to the drainage being full. 
There are arguments that impermeable surfaces were not the entire factor for this, as there was intense prolonged rainfall however this is only going to become more frequent with climate change causing the frequency to increase significantly.
[bookmark: _Toc1419625616]Flood Risk and Climate Change
The relationship between impermeable surfaces affecting surface run off in urban and greenfield areas cannot be fully understood without considering the introduction of climate change, which is widely associated with increasing the intensity, frequency and severity of rainfall patterns, especially in the UK. These changes have caused significant implications regarding flood risk, particularly in urban areas where drainage can already be seen working at maximum capacity. As the precipitation patterns become increasingly more extreme, the ability to manage both natural and engineered drainage becomes significantly more challenging.
Climate change in majority of reports is deemed to be the largest factor driving recent increases in flooding (Heath, 2025). Others suggest that the increase in urbanisation and expansion in use of impermeable materials such as concrete play an equally important role (Xu et al., 2020). The effects of climate change in flooding are amplified in the urban environment compared to the greenfield areas due to the reduces infiltration, increase in surface velocity contributing to mor intense rainfall events. This highlights the importance to consider both climatic and anthropologic influences when studying flood risks (Rogers et al., 2025).
However, the evidence base is not without limitations. Many studies rely on short-term datasets, which may not accurately capture long-term climate trends or variability. Additionally, research is often geographically concentrated, with findings from specific regions being generalised to broader contexts. This raises concerns about the applicability of certain conclusions, particularly in relation to localised flood risk assessments.
Climate projections from the Met Office (MET Office, 2019) indicate an increase in the frequency of intense rainfall events in the UK, particularly during winter months. This is expected to exacerbate existing flood risks in urban areas, where impermeable surfaces limit the capacity for water absorption.
Overall flood risks are not driven by a single factor, but rather by the interaction between climate change and urban development. As such, increasing impermeability and changing rainfall patterns should be viewed as interconnected drivers of flooding rather than independent influences.
[bookmark: _Toc247767438]Mitigation Strategies
In response to increasing flood risk, a range of mitigation strategies have been developed to manage surface runoff in urban areas. Among the most widely promoted approaches are Sustainable Drainage Systems (SuDS), which aim to replicate natural drainage processes by encouraging infiltration, storage, and gradual release of water. Examples include permeable pavements, green roofs, and detention basins, all of which seek to reduce the volume and speed of runoff generated by impermeable surfaces. Retention basins, meanwhile, provide temporary storage of excess water, reducing peak discharge during storm events (Webb, 2023).
Some studies suggest that SuDS can be highly effective in reducing peak flow and improving water quality, particularly when implemented as part of an integrated urban drainage strategy. These approaches are often praised for their ability to provide multiple benefits, including enhanced biodiversity and improved urban aesthetics. However, other research highlights limitations in their effectiveness, particularly during extreme rainfall events where system capacity may be exceeded.
Despite their potential, the effectiveness of SuDS is often constrained by economic, spatial, and maintenance considerations. In densely developed urban areas, space availability may become an implication, while the long-term performance of such systems depends on ongoing management and investment. Furthermore, there is debate regarding whether SuDS can fully offset the impacts of widespread impermeable surface expansion, particularly in rapidly urbanising regions.
SuDs being effective implemented on small scale locations in the UK:
1) Lamb Drove – Example where SuDs where effectively implemented into residential developments and delivered on multiple benefits regarding flood risk management, water quality, biodiversity, amenity and cost (for, 2025).
2) Redbridge Council – Invested £1 million in flood alleviation schemes since 2021. These initiatives have managed to attenuate over 380,000 litres of water, significantly reducing the risk of flooding (Mckibbin, 2025).
While mitigation strategies can play a significant role in reducing runoff and managing flood risk, they are unlikely to completely counteract the hydrological impacts of increasing impermeability. Instead, they should be viewed as part of a broader, integrated approach to sustainable urban development.
[bookmark: _Toc848069477]Larger Scale Example – Queen Elizabeth Olympic Park
One of the most recognisable effective examples of sustainable drainage systems (SuDS) is the Queen Elizabeth Olympic Park, implemented following the London 2012 Olympics (www.susdrain.org, 2012). Strategies such as defining a Design flood event (DFE), where the event has a 1% chance of flooding each year, were introduced alongside permeable tarmac to try and make a natural aesthetic drainage system despite being man-made (Buro Happold, n.d.). The problem with this was that the ground for the park was classed as wetlands making drainage an important factor to maintain functionality across all days of the year. 

Porous asphalt strips were implemented into every district walkway so create a drainless walkway to the eye despite having the permeable qualities to help take water away from the surface and into the surround vegetation. Additionally, there are several ponds & lakes throughout the park which are all supported through these drainage systems instead of being flushed into the general sewers of London making it a self-sufficient habitat as it would in a traditional park.
[image: ]
Figure 1 – Barry Plowright - (www.susdrain.org, 2012)
By looking at the Figure above we can see that the topography is very low for the wetland area meaning that surface water would have been a major problem here already. Due to the scale of people using these facilities at the time and continuing 14 years later to 2026, flood management needed to be assessed and dealt with properly using SuDs.
[bookmark: _Toc1967501521]Summary
Overall, the literature review demonstrates a strong consensus that increasing the impermeable surfaces contribute significantly to elevated surface run off and flooding risks in urban areas. The extent of the impact remains to be debated particularly when considering the interaction between urbanisation, climate change and effective mitigation strategies such as SuDS. Whilst impermeability is still considered one of the main key drivers to affecting the natural hydrological responses, it does not operate in isolation, and its influence has and will affect a multiple of other environmental and infrastructural factors such as extreme drought.
The main void in existing research is the limited studies regarding the effects between urban and greenfield environments under similar conditions making it a potential oversight that we are not considering when trying to mitigate the effects of flooding. Further to the literature, the study is basing its foundation on large urban areas rather and overlooking smaller areas that are still being affected by the same risks. To deal with this problem, longer studies would need to take place to see if there are any prolonged effects which may not show clearly in a short study.
This research aims to address these gaps by providing a comparative analysis of urban and greenfield hydrological responses, with particular focus on the role of impermeable surfaces in shaping flood dynamics. In doing so, it seeks to contribute to a more comprehensive and critically informed understanding of how human modification of the landscape influences contemporary flood risk.
[bookmark: _Toc207296578]Methodology
[bookmark: _Toc1830652714]Research Design
This study adopts a multiple method research design to investigate the extent to which increasing impermeable surfaces influence flooding and surface run-off in urban and rural areas. A multiple method approach is appropriate as it enables integration of qualitative and quantitative data sources to allow for a more comprehensive understanding between the 2 hydrological cycles. Quantitative data such as precipitation, runoff and land use will be measured, whereas qualitative insights from secondary sources to help build a conclusion. By using credible sources with accurate data findings from recent history should improve both the validity and reliability of this study, allowing me to generate a more suitable conclusion after.
[bookmark: _Toc1197028718]Data Collection Methodology
All data for this report is going to be taken from secondary data sources.
Rainfall data will be obtained from the Met Office (MET Office, 2019). This is due to the credibility of the source being trustworthy as well as also having a wide range of datasets within the UK Climate Projections section their website.
Flood event data is going to be source from the Environmental Agency (Environment Agency, 2019). This is because of the recorded flood incidents, flood warnings and national flood assessments which can be analysed to see if there are any trend with in the urban and rural locations.
Choosing impermeable surfaces and greenfield site data are going to be obtained via the Ordnance survey dataset (Ordnance Survey, 2019). By using this we can look to find two areas which are close together that have distinct difference in the permeability of the ground.
By using these main reliable sources and others to help back the evidence for my data will help me chose an appropriate time and location to allow me for an accurate comparison.
[bookmark: _Toc369271818]Sampling Strategy
A comparative sampling strategy will be used to obtain the suitable locations in the UK to base this argument against for Urban and greenfield locations. Uban locations with high impermeable surfaces and high risk of flooding will be studied alongside the greenfield sites with high vegetation that also have a prone risk to flooding.
To ensure that the following research is a contextually relevant comparison, 2 locations in West Midlands with similar climatic conditions have been chosen to try and make a controlled comparison between a rural and urban area on surface run-off. For the urban area, Birmingham has been chosen and for the rural location, Greenfield land in Warwickshire has been chosen. Reasoning behind Birmingham is that it has high levels of urbanisation and impermeable surfaces with documented history of surface water flooding in recent history from the Environmental Agency. Some areas have been classified as high-risk flooding zones making it suitable location to analyse. Warwickshire is a close rural area with vast amount of vegetation near to a large urban city hopefully making it easily comparable to Birmingham using secondary sources for data.
[bookmark: _Toc1344063405]Data Analysis
The data collection strategies for this study will involve statistical, mapping and trend evaluation to attempt to establish a correlation of data which helps build an argument. For statistical data, rainfall data will be observed. By looking at the data collected for the rainfall in each location, we should be able to understand the relationship between precipitation intensity and flooding.
Geographic Information Systems (GIS) will be implemented for the spatial mapping of each location. This enables the visualisation of impermeable surface distribution and flood risk zones, allowing for the identification of patterns that may not be apparent through statistical analysis alone. This is particularly useful in urban environments, where variations in land use occur at a fine scale.
To evaluate the trend history of the urban area, the environmental agency flood records will be interpreted so that the flood frequencies can be examined to show if there is a positive correlation between urban expansion and changing rainfall patterns.
[bookmark: _Toc1824023375]Ethical Considerations
Within this study, all the information is based upon secondary data from recognised websites and organisations via the internet. This should result in an improved transparency; reliability & validity of the study however cannot be 100% due to not collection the data as the primary source. Differences in data resolution and collection methods may introduce increased uncertainty due to different techniques being used as well as their data not being focuses primarily on the same thing. For example, rainfall data recorded at regional scales may not capture localised storm events, potentially affecting the accuracy of comparisons. However, due to the secondary data being collected there are minimal ethical risks due to no human participation used. This study remains to be accurate / responsible for interpretation of data ensuring that findings are not to misunderstood or taken out of context. 
[bookmark: _Toc1760892041]Limitations of the Methodology
Within the methodology there are going to be several limitations affecting the outcome. Firstly, differences in data resolution and collection methods across datasets will produce inconsistency when trying to make comparisons. For example, rainfall data and flood event data may be recorded at different values or scales making them more complicated when comparing each resource.
Secondly, the scale of data may not fully capture the surface run-off data and processes. This increases the use of secondary data being required to rely on making the validity of the study decrease due to the limit of control over the data.
Finally, time constraints may affect the examination level of each location making us not fully be able to study each location in full detail. Additionally, the complexity regarding flood dynamics makes it very difficult to examine and isolate the effects of impermeable surfaces from other influencing factors in the real world. This can be studied in a lab when looking at each material with controlled conditions, however this isn’t an accurate representation of the real world.
By understanding these limitations is essential when trying to understand the constraints of the research and ensuring conclusions are made cautiously and critically.
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