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ABSTRACT 

Flooding in urban areas during heavy rainfall, often characterised by short duration and high 

intensity events, is known as ‘surface water flooding’. Analysing surface water flood risk is 

complex as it requires understanding of biophysical and human factors, such as the localised 

scale and nature of heavy precipitation events, characteristics of the urban area affected 

(including detailed topography and drainage networks), and the spatial distribution of economic 

and social vulnerability. Climate change is recognised as having the potential to enhance the 

intensity and frequency of heavy rainfall events. This study develops a methodology to link high 

spatial resolution probabilistic projections of hourly precipitation with detailed surface water flood 

depth maps and characterisation of urban vulnerability, to estimate surface water flood risk.  It 

incorporates probabilistic information on the range of uncertainties in future precipitation in a 

changing climate. The method is applied to a case study of Greater London and highlights that 

both the frequency and spatial extent of surface water flood events are set to increase under 

future climate change. The Expected Annual Damage (EAD) from surface water flooding is 

estimated to be to be £171 million, £343 million and £390 million/year under the baseline, 2030 

high and 2050 high climate change scenarios respectively. 
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1 INTRODUCTION 

Flooding (including coastal, riverine, and flash flooding) is one of the most frequent and 

damaging natural disasters in terms of number of people affected and economic damage (1). As 

such, effective long-term flood risk management is an increasingly critical issue for many 

governments around the world (2).  

 

Flooding in urban areas during heavy rainfall is known as surface water flooding, pluvial 

flooding2 or storm water flooding (3, 4). Surface water flooding occurs due to a complex interplay 

of factors, including the precise location, intensity and duration of rainfall, the characteristics of 

urban land surfaces and the engineering design of the surface drainage and sewer system. 

Surface water flooding tends to be most severe during intense rainfall downpours, which are 

often, but not exclusively, associated with convective rainfall events. Rainfall may be infiltrated 

into the ground, but in urban areas with impermeable surfaces rainfall will flow on the surface in 

directions modified by the form of buildings and streets and will accumulate at locations with low 

topographical elevation. These processes are modified by drains that are designed to convey 

water away from urban areas on the surface or in pipes (5). 

 

The scale and severity of economic impacts will  be dependent on the characteristics of the 

event, the vulnerability of the area and population exposed to the event (6) and, where in place, 

the effectiveness of adaptation options. These can include options to increase pervious 

surfaces, property level protection measures (PLPMs) that prevent water from entering buildings 

or reduce the costs of repair following a flood, or investments in drainage systems. 

 

                                                
1Pluvial flooding can be defined as flooding resulting from heavy rainfall which does not infiltrate the ground but  
ponds or flows overland before the runoff enters a natural or man-made drainage system or watercourse, or where 
water cannot enter a system as it is already at full capacity. Pluvial flooding is often characterised by short duration 
high intensity rainfall events (typically over 20mm/h)(2). 
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In England, the consequences of surface water flooding were brought to the forefront by the 

summer floods of 2007 (7), which differed in scale and type from recent floods in that a much 

higher proportion of flooding than normal came from surface water flooding rather than rivers or 

the sea (8). The Pitt Review (7), conducted to provide lessons and recommendations in the 

aftermath of the floods, highlighted major gaps in the understanding and management of risks 

from surface water flooding in the UK compared to fluvial or tidal flooding. This has been further 

stressed following heavy rainfall in December 2015 and January 2016 with initial damages 

estimated in the range of £5 to £5.8 billion (9). Similar concerns have also been raised across 

Europe with some member states in the past giving a much lower priority to this type of flood 

risk meaning that vulnerability has crept upwards (4). 

 

The need for further attention to this type of risk in the UK is also apparent given that the 

National Risk Register lists surface water flooding as the most likely cause of damage to 

properties, with estimated annual costs of £1.3bn to £2.2bn (10). These concerns are made more 

pressing by the influence of climate change on the projected frequency and intensity of rainfall 

events in the UK (11, 12), expected to result in an increase in surface water flood events (13). 

Combined with an increasing pattern of urbanisation Defra estimated that damages from 

surface water flooding could increase by 60-220% over the next 50 years (14). 

 

It is, however, extremely challenging to predict the occurrence and extent of surface water flood 

events, limiting the ability to warn and plan for future risks (15). Similarly, there has been less 

emphasis on conducting quantitative assessments of economic costs of surface water flooding 

for the present day and under future climate change, which could then be used to evaluate, 

support and prioritise decision making in a more standardised manner (2). As such, motivation 

and implementation of adaptation policy responses is inhibited by inadequate quantification and 

provision of risk based information. 
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This study contributes to this area through the development of a surface water flood risk 

analysis methodology. Detailed surface water flood depth maps for Greater London have been 

generated but represent the modelled effect of a uniform rainfall event across the whole area, 

while in reality rainfall events, and subsequent impacts, will be spatially heterogeneous. Using 

an hourly Weather Generator (WG), conditioned upon the UK’s probabilistic climate projections 

(UKCP09), flood events are modelled. We then rescale the surface water flood depth maps for 

each simulated flood event to generate corresponding spatial flood outlines, which are 

combined with economic vulnerability data. The large simulation of rainfall events enables the 

quantification of flood risk, both for the present and future, whilst the probabilistic climate 

projections are beneficial to enable quantification of some of the climate model uncertainties. 

 

The case study area is introduced in Section 2. Section 3 provides an overview of the integrated 

modelling framework and the model components and methodology in detail. Results are 

presented and discussed in parallel in section 4 and conclusions presented in Section 5. 

 

2 STUDY AREA 

The analysis focuses on a case study of surface water flood risk in Greater London (Fig.1), 

encompassing an area of 1,574 km2, a population of approximately 7.5 million people, and 3.3 

million residential dwellings (16).  

 


