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Abstract- Flood risk refers to areas that are at risk of flood 
hazard. A flood occurs when normally dry lands are temporarily 
covered by water, it is when a water body breaks out through its 
natural or artificial bank as a result of snow melting, heavy 
rainfall, dam failure, raising of the sea level.  Floods disasters are 
common in most part of the world and GIS as a modern 
technology has several techniques and tools that can be used for 
effective flood modelling and mapping. The development of GIS 
functionalities for hydraulic and hydrological models made it 
possible to identify areas that are at risk of flooding in a 
particular earth’s surface area. The purpose of flood risk mapping 
is to steer strategies towards protection, prevention and 
preparedness, in attempts to minimize future costs from flooding. 
This paper exploits the utilization of GIS techniques in assessing 
flood vulnerability with a goal of identifying and mapping areas 
that are at risk of flooding within Cardiff city. This lead to 
identification of flood risk areas and identification of properties 
that lies in a flood risk within the study area. 
 
Index Terms- GIS, flooding, flood risk, flood vulnerability, flood 
risk mapping, Cardiff. 
 

I. INTRODUCTION 
lood risk refers to areas that are at risk of flood hazard. In 
UK flood risk is defined as “probability of flood occurrences 

and its potential consequences” (Alexander et al 2011, p.6). In a 
research study conducted by James Thompson (2010) reveals 
that more than 12% of the total population that is around 2.2 
million homes and 185,000 businesses in the UK lies in flood 
risk areas. His study also discovered that in Wales and England 
“valuation of assets at risk in flood risk areas stands at 221 
billion pounds” (p. 3). Considering these facts, areas that are at 
risk of flooding need special attention and more sophisticated 

approach. There is no doubt that a research in this area no matter 
how small will provide a fruitful outcome. 
         Mapping is an important aspect of managing many 
environmental hazards; it can be used for effective and intelligent 
representation of information on spatial flood risk, therefore 
areas that are vulnerable to floods can be presented easily on 
maps (Alexander et al 2011). However, flood risk mapping is an 
important ingredient for appropriate urban planning in order to 
reduce the likelihood of flood occurrence and also reduce the 
consequences of flood hazard when it happens (Leinster, 2009). 
In GIS there are several techniques and tools that can be used in 
flood mapping and modelling. The technology made it possible 
to measure the amount of rainfall that can cause river channels to 
rise. It can also model the DTM or DEM of an environment to 
provide answers to several questions (Alexander et al 2011) like; 
if flooding occurs what percentage of land cover is likely to fall 
under water, how many people will be affected, and which areas 
need more attention.     
 

II. STUDY AREA 
         The study area of this study is Cardiff city which is an 
urban settlement located in the southern part of Wales. The city 
covers an area of approximately 158km2 with a population of 
about 346,000 according to 2011 census (Govier, 2013). As 
shown in figure 1 above, Cardiff is located at approximately 
latitude 51° 28' N and longitude 3° 10' W. The city is the largest 
city in Wales and the 10th largest city in the United Kingdom. It 
is also the commercial and capital city of Wales. Cardiff 
bordered with Caerphilly and Valleys to the north, Vale of 
Glamorgan to the west, Newport city to the east, and North 
Atlantic Ocean on the southeastern part (Cardiff Council 2011).  
 

F 
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Figure 1: Location map of Cardiff 

 
         The terrain of Cardiff is relatively flat in the city center and 
it’s bordered by hills to the North, east and west, and a relatively 
flat surface at the south toward the coastline. The city has two 
main rivers, river Ely and river Taff which flow from west and 
north respectively. The terrain pattern which is relatively flat in 
most part of the city and the two rivers (River Ely and River 
Taff) increases the risk of pluvial flood in the city; that is 
flooding as a result of high intensity rainfall or due to snow 
melting. Likewise Cardiff is bordered with a sea which increases 
the risk of tidal flood (Govier, 2013). A Cardiff flood report 
conducted by Atkins Limited (2009) and the study Govier, 
(2013) provide data and information of past flood events in 
Cardiff. The historical flood events are summarized in a table 
below.  
 

Table 1: Notable historical floods in Cardiff 
 
Year Catchment  Flood Cause  Impact 

1946 River Taff Snow Melt Low 
1947 River Taff Snow Melt Low 
December 

 
River Taff Heavy rainfall  High 

December 
 

River Taff Heavy rainfall High 
December 

 
River Taff Heavy rainfall Low 

March 1998 River Ely Heavy rainfall Low 
October 1998 River Taff Heavy rainfall Low 
October 2000 River Ely Heavy rainfall Very Low 
September 

 
River Ely Heavy rainfall Low 

 
         In the last few decade river Ely catchment has suffered 
three significant flood events with low property damage. In 
contrast, River Taff catchment experienced significant number of 
notable flood occurrences over the last 60 years. The most 
notable flooding occurred in 1960 and 1979 on river Taff 
catchment which both resulted in the loss of many properties 
respectively. These resulted in Government spending a 

considerable amount of money on building flood defences. 
Although the most vulnerable flood risk area lies in Cardiff Bay, 
but the area has no significant record of flooding. These low 
lying areas are currently protected by a defence system known as 
Cardiff barrage. The barrage significantly reduces the 
vulnerability of flooding but prior to its construction, Cardiff bay 
is noted as the most vulnerable flood risk area in Cardiff (Cardiff 
Council 2011).   
         The major rivers that flow through Cardiff are River Taff, 
River Ely, and River Rhymney, these rivers contribute to the 
hydrological pattern of the city. Taff river which is the largest 
river in Wales sources its waters from the Brecon Beacons (a 
mountain range in South Wales) and two main tributaries Little 
Taff (Taff Fechan) and the Big Taff (Taff Fawr). The river passes 
through several towns with a long distance of 64km. There are 
also few tributaries that empties their waters into the Taff river 
such as river Rhondda, river Cynon, Nant Clydach and Bargoed 
Taff. The river flows through Cardiff Suburbs of Whitchurch, 
Radyr, Llandaff, Pantcanna, the city center, Grangetown and 
finally emptying into the coastal area of Cardiff Bay (Akins 
2009).  
         River Ely contributed in shaping the terrain of Cardiff. The 
river passes through the Cardiff suburb of Pentrebana, Cearau 
and Cardiff Bay. The river flows from the Tonyrefail Village 
with about 29 kilometers long, ending it movernment in Cardiff 
bay. The water sources of river Ely are mountains in the south of 
Tonypandy, near Tonyrefail town. Before reaching Cardiff the 
river passes through towns of Llantrisant, pontyclun, Peterston 
and Ely. River Rhymney also passes through two districts of 
Cardiff, Llanrumney and Rumney at the eastern part of the city. 
The river has a high tidal influence with 223km2 (Akins 2009). 
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Figure 2: Hydrological map of Cardiff 

 

III. METHODOLOGY 
3.1 Software 
         This research utilized two different software packages, Arc 
Map 10.1 software package with HEC-GeoRAS tool extension 
and HEC-RAS 4.1 software Package. Utilizing these software 
packages offers the best opportunity to perform flood inundation 
mapping and analysis (Alagmand, et al 2010). Arc Map 10.1 was 
used for watershed delineation mapping and analysis. It was also 
used together with HEC-GeoRAS extension for pre-processing 
and post-processing for flood risk inundation mapping. HEC-
RAS 4.1 software package was used in simulating flood 
modelling.       
         The flexibility of Graphical user interface of the ArcGIS 
software package allow users to incorporate additional 
capabilities and tools (extensions) that are not originally 
available in the software environment (Alagmand, et al 2010), 
these reasons permit this research to utilize the software 
successfully for a desired end result in flood inundation mapping 
and analysis.  
         HEC-GoeRAS tools and utilities are ArcGIS extension that 
uses a Graphical User Interface (GUI) for processing of 
hydraulic and hydrological models of geospatial data. “The 
interface allows the preparation of geometric data for import into 
HEC-RAS and the process simulated results exported from HEC-
RAS” (Hydrologic Engineering Center 2013). In ArcMAP, HEC-
GoeRAS tools and utilities uses functions associated with 
ArcGIS 3D Analyst and spatial analyst extension. These 
extensions are available and enabled in the ArcMAP software 
that was used for this research. 

 
Figure 3: HEC-GeoRAS description in ArcMAP 

 
         As illustrated in figure 3 above HEC-GeoRAS toolbar 
contains four menu options which are RAS Geometry, RAS 
Mapping, ApUtilities, and help menu. The first menu contains 
tools for pre-processing of data which can be exported to HEC-
RAS for flood modelling and simulation. The second menu 
contains functions and tools for post processing of imported 
hydraulic model from HEC-RAS for flood inundation mapping. 
The third menu contains tools for data management, and finally 
the last menu contains help document with explanations on how 
to use functions and tools on HEC-GeoRAS toolbar. HEC-
GeoRAS toolbar also has seven buttons/tools that allow users to 
manipulate and interact with data during both pre and post 
processing of flood mapping (assign river code/reach code, 
assign from the Station /toStation, Assign LineType, construct 
XS cutlines, Plot cross section, and assign levee elevation) as 
shown in red boxes in figure 3 above. 
         HEC-RAS software is used for flood modelling and 
simulation. HEC-RAS is a software program for modelling and 
analyzing hydraulics of water flow (Warne, C. Et al 2010). Both 
HEC-GeoRAS and HEC-RAS application is now open source 
(free) application developed by the Hydrologic Engineering 
Center (HEC) purposely for US Army Corps of Engineer’s 
needs. This research obtains HEC-GeoRAS application and 
HEC-RAS software from US Army Corps of Engineers web 
page.  
 
3.2 Data Source, Description and Quality   
         The two primary data used in this research are Digital 
Terrain Model (DTM) and aerial photographs of the study area. 
Although, floodplain mapping strongly requires DTM/DEM or 
Triangular Irregular Networks (TIN). Aerial images or landuse 
maps are also useful for identifying natural and man-made 
features that may affect flood inundations (Schubert, and 
Sanders, 2012). The DTM data utilized in this study are 
Ordnance Survey ‘profile DTM’ obtain from the Digimap web 
site. The site is a web mapping application and online data 
delivery service owned and developed by the EDINA national 
data center for UK academia. EDINA collects several geography 
and GIS data from British Geological Survey, UK Ordnance 
survey and other environmental agencies for delivery to UK 
academia to support academic research and higher education. OS 
profile DTM is a land form profile data that provide details of 
terrain height. The data are provided in ASCII file format with a 
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pixel resolution of 10m and 1:10,000 scale raster. This research 
found OS profile DTM sufficient in floodplain mapping and 
flood inundation modelling. A subset area of 170sq covering the 

entire Cardiff and without any loss of details (data) is extracted 
from the available DTM datasets.  

 

 
Figure 4: OS profile DTM subset of the study area 

 
Table 1: properties description of the datasets 

 
Raster Information Spatial Reference Extend 
Columns and 

 
2014, 1341 British_National_Grid Top 185505.00 

Number of Bands 1 Linear unit Meter (1.000000) Left 306595.00 
Cell Size (X, Y) 10, 10 Angular unit Degree (0.017453) Right 327005.00 
Format GRID False_Easting 400000 Bottom 172095.00 
Pixel Type Floating point False_Northing -100000 Elevation Statistics 
Pixel Depth 32 bits Central_meridian -2 Min  -4 
Colormap Absent Scale_factor 0.9996012717 Max 302.0000 
Compression None Latitude_of_origin 49 Mean 51.7668 
Mensuration 
Capabilities 

Basic Datum D_OSGB_1936 Std dev. 53.2234 

    Classes 0 
 
         The aerial photographs were obtained from university of 
Glamorgan library drive; they were provided and made available 
for student by faculty of advance technology of the university. 
These aerial photographs are in ECW file format with 3 numbers 
of bands and cell size (X, Y) value of 0.4. The research utilizes 
these aerial photographs for digitizing essential features (such as 
river centerline, bank, and flowpath) that are required for an 
effective flood modelling. In urban flood risk mapping, digitizing 
features that affect water runoff within a watershed or floodplain 
is necessary (Merwade, 2012). Therefore, from the aerial 
photographs, this research identifies and digitized features along 
the rivers and within the watershed boundary that may affect 
runoff. These are areas with water but with zero flow/velocity 
such as areas behind culverts and bridges and areas within the 
floodplain but with no water such large buildings were also 
identified. Apart from primary data mentioned above, additional 

datasets were used to ensure a qualitative and accurate analysis. 
These datasets are demographic data from Casweb ‘super lower 
output’, land use data from the OS vector master map, OS raster 
master map as background map, and river flow information from 
existing literatures. The Casweb data used in this research are 
population data of the 2001 UK census. Therefore, Cardiff lower 
super output data of casweb is used to estimate the number of 
people and household that reside within the flood risk areas. OS 
topographic area polygons were used as land use data.  
 
3.3 Hydraulic Modelling, and Flood Risk Mapping  
         The processes of hydraulic modelling, and flood risk 
mapping in this research are done by utilizing ArcMap 10.1 with 
HEC-GeoRAS extension and HEC-RAS. Note in this research 
hydraulic modelling, and flood risk mapping were different. This 
means that hydraulic modelling were used to simulate the 
behavior of water flow in floodplain areas of the river Taff, river 
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Ely, and Rive Rhymmy. While flood risk mapping involves flood 
inundation mapping and visualization of hydraulic model and 
also the process of combining (overlay) several map layers to 
demonstrate and identify various urban (Cardiff)  flood hazard 
categories. The processes adopted for hydraulic modelling and 
flood risk mapping involves three stages that are identified as 
pre-processing of data, executing the model, and post-processing 
of model. Hydraulic and flood risk mapping requires three 

essential data, which are elevation data, aerial photographs and 
flow information of the study area (marwade, 2012). The 
elevation data used is OS profile DTM, the full description of the 
data and also the description of aerial photographs were 
discussed above. The three stages that are utilized for hydraulic 
modelling and flood risk mapping in this research are discussed 
below.  

 

 
Figure 5: Model Framework of flood inundation mapping in HEC-RAS 

 
 3.3.1 Pre-processing of Data 
         Preprocessing of data is the first step of both hydraulic 
modelling and flood inundation mapping. The process involves 
utilization of HEC-GeoRAS to developing the required 
geometric data needed for hydraulic modelling. In the pre-
processing stage of data, elevation data is essentially required 
and additional datasets that may be used for digitizing essential 
features (Tate, and Maidment, 1999). However, this research 
uses raster grids DTM as the source of elevation while aerial 
images were used to visualize and digitize important features. 
The spatial features that must be digitised are river centerline, 
river bank, flow path and cross section of floodplain areas. And 
for effect analysis and accuracy of result it is essential to also 
digitize other features (such as ineffective flow areas, 
bridges/culverts, land use) that can affect the outcome of the 
result (Tate, and Maidment, 1999). The stages that are used in 
this research for pre-processing of data are explained below.  

1. Setting analysis environment for HEC-GeoRAS in Arc 
Map; this involves making sure the coordinate system of 
all data sets is check and is the same with the layer file, 
and select the source of elevation from the layer setup of 
HEC-GeoRAS toolbar.    

2. Creating RAS Layer; this stage involves developing a 
geometry file that can be used in HEC-RAS. It is the 
process of creating features and their attributes in GIS, 
and then convert them to the HEC-RAS geometry file. 
Each feature created will be stored in a single layer 
together with its attribute. Creating layer begins with 
creating an empty GIS layer, that is created using the 
RAS geometry menu on HEC-GeoRAS toolbar.  

 
Figure 6: RAS Geometry menu 

 
         RAS geometry contains the list of all layers that can be 
created, and they can be created individually or multiple at once. 
This process of creating layers also creates a geodatabse that 
stored all layers in one location. Since layers created are empty, a 
digitizing tool of the standard ArcGIS tool is used to digitize 
features that will populate the empty layers (Hydrological 
Engineering Center 2002). In this research, features that are 
digitized are river centerline, river bank, flow path, cross-section, 
bridges/culverts, ineffective flow areas, and obstruction. The 
empty land use layer is substituted with OS topo area vector map. 
After dizitizing these layers they were converted to 3D features 
as required before converting to HEC-RAS file.     

3. Creating HEC-RAS File; creating a GIS file that will be 
used as an import into HEC-RAS package is the last 
step of pre-processing of data. This stage involves 
exporting RAS data that can be used as geometry data 
into HEC-RAS for hydraulic modelling, the process 
creates two files with extension format GIS2RAS. 
RASimport. sdf and GIS2RAS.xml. on HEC-GeoRAS, 
a menu that export geometric data into HEC-RAS file is 
located on the RAS Geometry menu. 

 
3.3.2 Hydraulic Modelling 
         HEC-RAS is popular free software that is used in hydraulic 
and hydrological model. It can be used to perform one-
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dimensional unsteady flow, steady flow and temperature 
modelling (Hydrological Engineering Center 2002). However, in 

this research steady flow analysis is utilized.  
 

 

 
Figure 7: HEC-RAS Environment 

 
         The first step of hydraulic modelling is importing the 
geometry data earlier created from HEC-GeoRAS and ArcGIS 
utilities into HEC-RAS environment. It can be done by using the 
editor menu then Geometric data option and then import 

Geometry data. After successfully importing the geometry data, 
HEC-RAS will automatically open geometric editor window as 
shown below. 
 

 

 
Figure 8: Geometric data editor 

 
         Geometric window is used to perform a quality check of 
the data to make sure the information imported from GIS is 
correct; information that contains some errors can be edited and 
corrected (Hydrological Engineering Center 2002). In this 
research several information such river bank station and 
manning’s n information were edited from geometric window.  
         The final stage of hydraulic modelling is running HEC-
RAS simulation and exporting the HEC-RAS file into GIS. 
Simulating the model can be done from the Run Menu on the 

HEC-RAS main menu. Run Menu contains several simulation 
options. For this research, steady flow analysis is used. “Steady 
flow describes conditions in which depth and velocity at a 
specific channel location do not change with time” (Tate, and 
Maidment, 1999 p.15). After running the simulation successfully, 
the result of the simulation analysis can be viewed and analyse in 
profile plot window, rating curve window, general profile plot-
velocities, and X,Y,Z perspective plot window.  

 
Figure 9: Profile plot window and X,Y,Z perspective plot window 
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Figure 10: Rating curve and general profile plot-velocities windows 

 
         The final process of this stage is exporting the model result 
into GIS, and this can be done from HEC-RAS main window by 
selecting file menu and then Export GIS data. The exported files 
can be used in ArcGIS for flood inundation mapping which are 
referred to as post processing of the model. 
 
3.3.3 Post-Processing of Model 

         The exported HEC-RAS file can be imported into ArcGIS 
by using HEC-GeoRAS functionalities. This stage of hydraulic 
modelling is known as flood inundation mapping. The functions 
that are responsible for post precessing model on HEC-GeoRAS 
reside under RAS Mapping menu. In this research these 
functionalities are utilizing for flood risk polygons of the study 
area. Areas with 1% flood probability in 100 years are identified.  
          

 
Figure 11: HEC-GeoRAS post processing Functionalities 

 
         A flood inundation process in HEC-GeoRAS convert the 
water surface to a Grid and the DTM grid is subtracted to from 
the water surface grid. The the process identifies flood areas as 

areas with positive result, that is areas with water surface higher 
than the terrain. And areas with negative result are non-flood 
areas.   

 

 
Figure 12: HEC-RAS post processing of flood model 
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         The flood risk maps generated in this research reveal the 
flood behaviour and characteristics of floodplain areas of the 
study areas. This research adopts an overlay and query analysis 
method in GIS to interpret and analyse the flood risk areas within 
the study area and its possible consequences. Arc Map 10.1 is 
used to overlay flood risk maps generated in this research with 
population data, building data and household data. This method 
discovered the number of the population that live within the 
flood risk areas, the number of both commercial/business and 
residential buildings that lies within the flood risk areas, and it 
also reveals the estimated cost that may be lost in case of flood 

occurrences. The population data and household data are sourced 
from CASWEB while buildings, railways and road data are 
sourced from DIGIMAP. Due to non-availability of business and 
property value data, this research adopts a sampling technique 
method in estimating the value of properties that lies in flood risk 
areas. The sampling method use here selects the average value of 
a building and multiplied it by the number of buildings that lies 
within the flood risk areas; the same procedure is adopted for 
estimating business cost. The average value of the residential 
building is £100,000 and for business is £3000, 000.   
  

 
Figure 13: Arc MAP query dialog box 

 
 

IV. RESULT AND DISCUSSION  
4.1 Flood Risk Map 

        Figure 14 below depicts a flood hazard map of Cardiff 
generated using a combination of different GIS techniques and 
RAS packages. Flood risk areas are identified in dark blue colour 
while the extent of maximum flood is shown in lighter blue 
colour.   

 
Figure 14: Flood risk map of Cardiff 

 

http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 6, Issue 6, June 2016      144 
ISSN 2250-3153   

www.ijsrp.org 

        The flood risk map generated in this research shows areas 
that have a 1% probability of flood occurrence in 100 years. 
However, in the following discussion flood risk area and flood 
areas will use to express the probability of flood occurrences. In 
Cardiff flood risk is mainly from river in the lower parts of the 
Rivers Taff and Ely, both of which discharge into Cardiff Bay 
        The flood risk map clearly shows that high flood risk areas 
of the city are found around the river channel areas, this is 
because the river site areas of Cardiff are drainage basin areas. 
Waters from snow melt and rain that falls in and around the city 
runs (flows) into the three rivers that flow through the city, and 
the waters are accumulated into pour point of the catchment 
areas. Areas that are identified as high flood risk areas in this 
research had also experienced significant flood occurrences 
severally within the past 100 years. The introductory chapter 
above gives an account of some these notable flood occurrences, 
evidence of the account can be found in the work of Govier, 
(2013).  
        Cardiff topography is one of the major factors that 
significantly contributes and influence flooding within the flood 

risk areas of the city. Conner, et al (2002) stresses that 
topography of an area strongly determines the characteristics and 
behaviours of surface water balance. During flood events, 
surfaces that are lowland and relatively plain within the 
floodplain topography are more likely to be affected.      
 
4.2 Flood Impact Analysis 
        By measuring the boundary data obtained from CASWEB, 
the Cardiff district covers an approximately land mass of 
140,064,100m2 which is about 140k2. Within this boundary, an 
area coverage of about 22k2 has been identified as high flood risk 
areas with 1% probability of flood occurrence in 100 years. In an 
event of extreme flood the size of the flood event can expand up 
to about 29k2. Therefore, 7k2 of land cover within the extent of 
maximum flood are identified as low risk areas with 0.5 
probability of flood occurrence in 100 years. This extent of flood 
probability in this study is referred to as maximum flood extent. 
However, areas that are not at risk of flood in Cardiff covers an 
approximately 110m2. 
 

 
Table 3: Percentage of flood risk areas and non flood risk areas 

 
Area Type Areas in 

Sq.m 
Area in 
Sq.Km 

Percentage of Area 
in Sq.km 

High flood risk areas 22,806,500.00 22.00 15.71% 
Maximum flood extent 16,407,800.00 7.00 5% 
Total flood risk areas 39,214,300.00 29.00 20.71% 
Non flood prone areas 100,849,800.00 111.00 79.28% 
Total land cover 140,064,100.00 140.00 100% 

 
4.3 Overlay analysis of flood prone 
        An overlay of flood prone areas with demographic and 
spatial data is used to carrying out queries that reveal the words 
areas, population, land use and properties that are at risks of 
flood in Cardiff. Overlying flood risk polygon with a ward 
boundary map of Cardiff district as shown in figure 17 below 
identifies areas in each ward that are at risk of flooding. 
Although, the study of Mills (2010) shows that, the current 
likelihood of widespread flooding is relatively low as Cardiff has 

an extensive network of flood defences. He also states that 
currently it is only the main local area of Whitchurch that are at 
risk of significant flooding. However, in this research flood 
defences were not covered due to lack of data and resources, this 
can be considered as one of the limitation of this research. But 
this will not affect the aim of the research which demonstrate the 
application of GIS techniques in assessing and identifying areas 
that are vulnerable to flooding in an urban area. 
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Figure 15: Map showing ward areas at risks of flood 

 
        As shown above Cardiff district comprises of 29 ward areas. 
Out of these words, it is only four (Heath, Lisvane, Llanishen, 
and Rhiwbina) words that are completely not at risk of flooding. 
The wards are outside the extent of both high flood risk and 
maximum flood extent. Although, apart from these wards there 
are also other words which are not at risk of flooding but in an 
event of maximum flood occurrence (0.5% probability in 100 
years) they can be affected, these wards are Cyncoed, Penylan, 
and Rumney. However, the most vulnerable wards that have 

more than 50% of their land area at risk of flooding are 
Riverside, Canton, Llandaff North, Grangetown, and Butetown.  
4.4 Population and Household at Risk of Flooding in Cardiff 
The demographic data (according to 2001 census) obtain from 
CASWEB webpage, revealed that there are 305,353 people and 
127,255 households in Cardiff district. The data are collected in 
tabular format with fields represent northing and easting. It is 
added to ArcMap for visualization as point vector data that 
contain information about population characteristics for different 
spatial locations within Cardiff, as shown in figure 18 below.  

 
Figure 16: Demographic data and flood risk map visualization 
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        With the demographic data visualize in ArcMap, selection 
by attribute and selection by location query methods are 
employed in estimating the number of people and household at 
risk of flooding. 
        According to the result obtained from the queries executed 
an estimate of more than 108,971 people, that is around 36% of 
the total population of Cardiff district lies in flood risk areas. The 
study also revealed that there are about 43,865 households at risk 
of flooding in Cardiff that is around 34% of the total household.    
Figure 20 which depicted the relationship between population 
distribution and flood risk areas revealed that more 60% of 
population and household of five wards in Cardiff are at high risk 
of flooding. These wards are Butetown, Canton, Grangetown, 
Llandaff North, Riverside which are all located in floodplain 
areas of the River Taff and River Ely. The location of these 
wards areas lies in lowland areas and their terrain elevation is 
between 0 to 25 meters above sea level. 
 
4.5 Land Use and Cost of Property at Risk of Flooding 
        As mentioned in the methodology section of this paper, 
Ordinance Survey (topo_area) vector master map is used in 
conducting GIS queries and identifying land use features that 
lays in flood risk areas in Cardiff. The utilization of land use data 
is essential in conducting urban flood risk assessment, this is 

because it shows land usability which can be used to estimate the 
consequences of flood in flood risk areas.  
        In a report of Hooton, (2011) Cardiff is estimated to have 
8,011 non-residential properties, 148108 residential properties 
and 1,341 services (electricity sub-station, hospitals, care homes, 
police, schools, fire and ambulance station, and prisons). In an 
urban area with such facilities, it is essential to conduct a flood 
risk assessment that clearly identifies properties at risk of flood 
hazard. This will provide information on areas or properties that 
need emergency response in an event of flood occurrence. 
However, according to the GIS query results obtain in this 
research, there are about 41,803 buildings at risk of flooding in 
Cardiff that is about 43,865 homes and 3,500 businesses. The 
fact Cardiff is the administrative city and commercial city of 
Wales, it is estimated that about 30% of the buildings at risk of 
flooding are commercial buildings. An average commercial or 
business building can cost up to £300,000 while an average of 
residential building can cost about £100,000. Therefore the 
valuation of properties at risk of flooding in Cardiff is estimated 
to stand at about £7,018,300,000 (more than 7 billion pounds). 
Figure 20 below depicts an overlay of building polygons with 
flood risk polygons; it shows buildings that lie in flood areas. 
This map is used in conducting GIS queries that reveal the 
estimated figures mention above.  

 

 
Figure 17: Overlay of building data with flood polygon 

 
        Buildings that are located in flood polygons are more likely 
to be affected during flood event therefore they are considered in 
this research to be at risk of flooding.  
        Furthermore, to have clear information on land use that is at 
risk of flooding. Figure 17, figure 18 and figure 19 are used to 

show land use that are at risk of flooding in Cardiff. The results 
shown are mappings of land use that are likely to be affected in 
an event of flood. This map can be used to aid concerned 
authorities in preparing a quick flood warning during a flood 
prediction.  
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Figure 18: Railway facilities at risk of flooding 

 
 

Table 4: Affected train station 
Affected Train Station 
ID STATION NAME WARD 

AREA 
1 Cardiff Bay Butetown 
2 Cardiff Central Cathays 
3 Grangetown Grangetown 
4 Ninian Park Grangetown 
5 Waun-gron Park Fairwater 

 
 

 
Figure 19: Raod lines at risk of flooding 
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Table 5: Affected road types 
 

 Affected Road Type 
ID Road Classification/Categories Number 

of  
roads  

Total Length of Road  
in METERS 

1 A. Road  413 37430 
2 B. Road 133 8088 
3 Local Street 2139 151764 
4 Minor Road 699 46952 
5 Motorway 46952 4132 
6 Pedestrianised Street' 11 1645 
7 Primary road 79 9447 
8 'Private Road Publicly 

Accessible' 
6 498 

Total  50432 259956 
 
        Table 4 and table 5 shows result obtained from GIS queries 
conducted in ArcGIS. The first table shows the length of the 
affected road type and the number of street or road that may be 
affected. The other table present the name of train stations that 
lies in flood risk areas of Cardiff.    
 

V. CONCLUSIONS 
        This research is a GIS risk-based approach in flood studies 
that successfully present areas that are at risk of flooding in 
Cardiff. The flood risk areas are identified using GIS techniques 
and methods that are fully discussed in section 4 of this paper. In 
GIS it is possible to obtain Geo-spatial data in digital format, 
process the data in a computer environment which can provide 
hydraulic and hydrological information and models of that same 
Geo-spatial location. The result can be analysed and further 
process to create a flood modelling and GIS can present flood 
models in forms of maps, tables, charts, diagrams and in many 
ways of presenting information.  
        In GIS the essential dataset required for flood risk 
modelling and mapping is DEM or DTM or TIN. And for high 
accuracy in flood modelling especially in urban areas a high 
resolution digital data sets are required. It is important to note 
that lower resolution of the DEMs and DTMs can provide a 
misleading result especially in conducting Floods analysis.  
        The flood risk map generated in this research shows areas 
that have 1 % probability of flood occurrence in 100 years. Areas 
that are identified as high flood risk areas in this research had 
also experienced significant flood occurrences within the past 
100 years. More than 16% of the total land areas of Cardiff are 
identified in this research as flood risk areas.  
 

VI. RECOMMENDATION 
        This research recommends further studies of the study area 
that can be done with the use of LiDAR data. The data can 
provide higher resolution ranging between 25 cm and 2 meters, 
by creating 1m contour interval while keeping base contour 33m 
at lake water level and find out how much land use, road and 
other properties would be affected for each interval in flood 
prone zones.  
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