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Abstract 

This paper details the use of Geographical Information Systems (GIS) within the Lee Catchment 

Flood Risk Assessment and Management Study (Lee CFRAMS).  The Office of Public Works 

(OPW) commissioned Halcrow to undertake the Lee CFRAMS in August 2006.  The Lee 

CFRAMS is the pilot flood risk management study in Ireland and will set out a framework for 

future such studies in other catchments across the country. 

 

The Lee CFRAMS is a data intensive study 

involving different forms of data from a 

variety of organisations - thereby the 

challenge has been to analyse the data 

using a tool which allows the project team 

and stakeholders to better understand the 

data and make decisions. 

 

GIS has been utilised in a wide range of 

ways within the project to-date, including 

catchment delineation, integration of 

hydrology and hydraulic modelling and 

assessment of the future drivers of flood 

risk.  GIS will also be used for flood 

mapping, utilising the advances in survey 

techniques and the use of a Digital Terrain 

Model (DTM). 

 

There are many advantages of GIS to a project, during the project delivery process and in the 

end product.  GIS allows data to be analysed and shared within the project team and with 

stakeholders – allowing a common viewing platform.  This aids efficiency and allows all parties 

involved in the project to have more integrated input.  The GIS outputs allow information to be 

shown spatially in graphical form, which enhances the information conveyed to a range of people, 

including the public – which is an essential part of the Lee CFRAMS. 

 

1 Introduction 

The Lee Catchment Flood Risk Assessment and Management Study (CFRAMS) is a pilot flood 

risk assessment study in County Cork, Ireland - initiated as a result of the new flood policy in 



Ireland.  The new flood policy was established by the Irish Government in September 2004, after 

adoption of the recommendations and policies as set out in the Report of the Flood Policy Review 

Group (OPW, 2004).  The pilot study will set out a framework for future such studies in other 

catchments across the country. 

work for future such studies in other catchments across the country. 

2 What is involved 

The Lee CFRAMS is a catchment level study of the Lee catchment, incorporating the River Lee 

and respective tributaries: Sullane, Bride, Blarney, Owennagearagh, Shournagh, Martin, Blarney, 

Curragheen and Glasheen and extending to the harbour (Figure 1).  The study also incorporates 

the Owenboy, Owennacurra, Glashaboy, Tramore and Bride rivers, plus the watercourse which 

flow through Carrigtohill.  The project involves identification of existing and future flood risk areas 

via undertaking a detailed hydrological assessment of the catchment, integrated with detailed 

hydraulic models of the respective river systems within the catchment.  Assessment of the future 

drivers of flood risk is also considered, including climate change (sea level rise and increase in 

precipitation), land-use change (afforestation) and urban development.  A defence asset survey 

has been undertaken using GIS tools to assess the physical condition and performance of assets.  

A database will be produced, which will allow identification of defended areas and areas at risk of 

defence failure.  

Figure 1: Lee catchment and study area 

 

The ultimate output will be indicative flood maps of flood risk and flood hazard areas for a range 

of magnitudes and possible future scenarios.  This knowledge will be used to develop a 

Catchment Flood Risk Management Plan (CFRMP) which will include measures to manage the 

identified flood risk. 

 

3 Data Management – the challenge 

The Lee CFRAMS is a data intensive study involving different forms of data supplied from a 

variety of organisations – thereby the challenge has been to integrate, analyse and utilise the 

data using a tool which allows the project team and stakeholders to better understand the data 

and make decisions.  GIS supports evidence-based decision making by providing a relevant 



analytical framework and has been used in the Lee CFRAMS to answer questions and make 

decisions. 

 

4 Why use GIS 

The use of GIS has allowed the spatial 

representation of a range of data sets 

(location by x, y and z coordinates of 

longitude, latitude and elevation), data 

storage, data analysis, data 

management, data calculation and 

graphical display.  The functions of GIS 

e.g. interactive queries (user defined), 

analysis of spatial information, editing 

functions and mapping have been used 

extensively within the Lee CFRAMS.   

Using ArcView GIS and ArcGIS - 

information has been 

imported/exported, transferred, transformed, overlaid, processed and displayed using the 

software applications.  Although these specific GIS software packages have been used, GIS has 

the advantage that data can be exported in many formats, and the layers/files are able to be 

distributed within the project team e.g. as shapefiles, thereby allowing the same data set to be 

imported into other GIS applications e.g. MapInfo Professional.  The types of files can either be e-

mailed or uploaded to a Business Collaborator type website, whereby the project team have easy 

access.  This saves project time and money and also eases communication between the project 

staff as people in different locations can review the same information and discuss.  This improves 

knowledge sharing and can aid with exposing different members of the project team to the wider 

project goals.  The improved integration can help staff to feel more part of the end deliverable.  

Supply of data in GIS format from the OPW and stakeholders e.g. development plans, ensures 

accurate transfer of data between the team and various organisations which also aids efficiency 

as there is no duplication of data sets. 

 

5 GIS applied to the Lee 

Catchment delineation 

The Lee catchment extends to approximately 2000 km
2
 in catchment area.  In order to represent 

the hydrological processes in sufficient detail to enhance the hydraulic modelling outputs, it was 

necessary to sub-divide the catchment into smaller sub-catchment areas.  Using GIS software, 

Ordnance Survey Ireland (OSi) background maps and a Digital Terrain Model (DTM) of the 

catchment this process was undertaken automatically.  User input was required to ascertain the 

downstream location of each of the sub-catchments required.  This process was undertaken 

based on the knowledge of rural and urban watercourses; reservoir locations and flow gauge 

locations – the information of which was also available in GIS format.  GIS tools allowed for the 

calculation of each of the respective sub-catchment areas which was then fed into the 

hydrological analysis. 



 

The end result was a series of sub-catchment outlines which can be displayed in GIS software 

and used to perform future calculations, create figures for reports, inform the public, etc.  Figure 2 

shows the sub-catchment areas derived so as to provide detailed hydrological inputs into 

hydraulic models for the Lee CFRAMS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sub-catchment delineation 

 

Integration of hydrology and hydraulic modelling 

It is essential that the hydrological analysis is integrated with the hydraulic models representing 

the respective rivers within the Lee catchment so as to provide an accurate representation of 

where runoff would enter the river systems.  GIS was used to superimpose the relevant data sets: 

background maps, sub-catchment areas, topographical survey location information, and 

information on urban/rural reaches of river and flow gauge locations.  To enhance the accuracy of 

the hydraulic modelling and flood mapping process, three types of hydrological inflows were 

identified to be used to feed into the hydraulic models. 

• Point inflows at upstream hydraulic model extents 

• Point inflows at strategic locations throughout the catchment (e.g. tributaries, natural 

watercourses) 

• Lateral inflows through urban areas (to represent surface water runoff) 

Utilising the GIS layering capabilities of separate spatial data sets (polygon, point and line 

shapefiles) it was possible to assess the integration of the catchment runoff with the 

topographical survey cross sections.  Knowledge of the location of natural inflow locations from 

background maps and other information, such as the extent of rural and urban watercourses; and 

reservoir locations, allowed the identification of the respective hydraulic model cross section 

where the inflow was required.  Using this information the hydrology team were able to provide 

the hydraulic modellers with details of inflow location, type of inflow and fraction of catchment 

represented by the inflow location. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Example of integration of hydrology and hydraulic modelling for the Owenboy hydraulic model 

 

Assessment of future drivers of flood risk 

Future flood risk in the Lee catchment can be influenced by a number of drivers, which include 

changes in land use, land management and climate.  As these factors are likely to change over 

time it is important to appreciate how they could affect future flood risk across the catchment.  To 

achieve this, it is necessary to test possible future scenarios to help in considering what flood risk 

management measures may be required to protect against future flooding.  GIS was essential in 

assessing the areas where future changes in land use and urban development would take place 

and using this information to inform changes to the hydrological processes in the Lee catchment. 

 

Land use change – urbanisation 

The rapidly growing population in the Lee catchment, linked to increasing immigration and the 

buoyant economy, presents significant pressure for increased residential, commercial and 

industrial development and associated infrastructure.  Increases in city house prices have 

resulted in migration from established areas to the new development in the urban fringes creating 

an urban sprawl around Cork City and the expansion of towns such as Midleton and Carrigtohill.  

This has resulted in the rapid urbanisation of greenfield sites and provided a catalyst for 

economic regeneration within former industrial areas of Cork City.  This pattern is likely to 

continue. 

 

The impact of urbanisation on flood generation in a catchment depends on the spatial distribution 

of the urban cover.  GIS was used to map the distribution of existing urban development (Figure 

4) and map anticipated growth within the respective sub-catchments of the Lee catchment (Figure 

5). 

 

 

 

Figure 3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Existing urban development in Lee catchment 

Two main sources of spatial data were used, the Corine land use data set and current 

development plans (for example, Cork City Council, 2005 and Cork County Council, 2005).  The 

land use data was imported into GIS (in shapefile format) and superimposed on background 

maps.  Using the sub-catchments previously defined, a calculation was undertaken to allow a 

current and future urban extent to be estimated.  This information was then fed into the 

hydrological analysis (by application of the ‘urban’ parameter).  It is generally accepted that urban 

development increases runoff because of the greater impermeability of urban surfaces, which has 

a marked effect on the flood behaviour of a catchment.  Typically it accelerates and intensifies the 

flood response (Flood Estimation Handbook, 1999). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Future development in Lee catchment 

 

Figure 5: Extent of urban development based on development plans 

tramore 

Figure 4: Extent of current urban development based on Corine land use dataset 

tramore 



Land use change – afforestation 

Forest cover in the Lee catchment is due to rise to around 17% by 2035, in line with government 

strategy (Forestry Service, 2006).  This will increase the catchment area covered by forest by 

6,250 hectares to 21,250 hectares.  The afforestation will occur in the upper catchment, most 

likely in the marginal middleground areas, as shown on Figure 6.   Any new forests will be 

managed in accordance with Sustainable Flood Management principles, including a requirement 

that broadleaf buffer strips be planted in commercial forests adjacent to streams and rivers to 

slow runoff (Forest Service, 2000).  The forests in the Lee catchment are composed of 

predominately coniferous forest with some broad-leaf forest, and are mainly located in the upper 

catchment. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 

Figure 6: Landscape character areas within the catchment (Source: Cork County Council) 

 

GIS was used to spatially map the landscape character of the Lee catchment.  Knowledge of the 

areas where afforesation is most likely to occur in the future e.g. marginal middleground, was 

obtained (Forestry Service, 2006) and used to inform which sub-catchments of the Lee catchment 

will potentially undergo the effects of afforestation.  This information was fed into the hydrological 

analysis (by application of changes to Standard Percentage Runoff and Time-to-peak). 

 

6 Future scenarios 

The information which was obtained from the extensive GIS analysis allowed two scenarios, 

considering future environmental and catchment changes, to be developed: 

 

• A Most Likely Future Scenario (MLFS) - Flood risk management options should be 

undertaken so as to not impact on existing flood risk in current conditions, and should be 

adaptable to the MLFS. 



• High Projection Scenario (HPS) - When considering option appraisal, sensitivity analysis 

to the HPS should be undertaken - to enable the adaptability of each option to be 

assessed (to cater for more extreme changes in the future).  

The two scenarios were based on different magnitudes of urban growth, afforestation and climate 
change.  
 
 

7 Future uses of GIS in the Lee CFRAMS 

Further capabilities of GIS will continue to be used throughout the project: 

 

• Flood risk and hazard mapping: The outputs 

from ISIS (one dimensional) and ISIS-2D (two-

dimensional) hydraulic modelling software will be 

processed in GIS to create flood risk and hazard 

maps for the Lee CFRAMS.  ISIS-GIS and 

DeltaMapper are tools developed by 

Halcrow to link ISIS and GIS functionality.  

They facilitate model building and help to 

streamline the flood mapping process.   

 

Flood risk maps are typically created from 

ISIS one dimensional models by 

intersecting the water surface profile which       Figure 7: Owenboy - LiDAR DTM 2m resolution 

is overlaid on a triangulated integrated network (TIN) with the DTM in DeltaMapper.  The 

resultant outline of the intersection is the flood map which is then further manually 

processed in GIS to clean it and remove artefacts.   

 

Flood hazard mapping is the result of the ISIS two dimensional models.  The depth and 

velocity grids are calculated by the modelling software and then imported into GIS to 

create hazard maps using grid calculation functions.   

 

Flood risk and hazard maps show the extents of flooding for the design events of all of 

the probabilities; protected areas; potential hazard extents in defence-failure scenarios; 

the depths of flooding and peak flood flow velocities. 

 

• WebGIS: The flood risk and hazard mapping results will be displayed on an interactive 

website hosted by the Office of Public Works.  This web GIS tool will allow professionals 

and the public to interact with the flood maps for a range of purposes, from determining 

whether a house is at risk of flooding to deciding on the most appropriate emergency 

action in the case of a defence-failure scenario.   



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Example of a flood extent map for the Lee CFRAMS (not based on actual results) 

 
 

• Decision support: To assist in the assessment of potential flood management options, the 

MDSF (Modelling and Decision 

Support Framework) software 

and Halcrow’s Damage 

Calculator software will be used 

to determine the economic 

justification for the option.  The 

GIS based MDSF system will be 

used to relate the calculated 

flood areas and depths to 

property locations.  All data 

generated during the benefit                               Figure 9: Example of MDSF 

assessment will be provided to OPW as a GIS layer as part of the project deliverables.  

The GIS data will be geo-referenced and contain metadata containing the property type, 

classification, floor level, depth-damage information for a range of return periods, 

annualised average damage and further notes on th property if applicable.  MDSF allows 

the user to consider different options and to displayed these visually in GIS. 

 

 

8 Conclusions/advantages of GIS to a project 

The availability of GIS to the Lee CFRAMS has greatly aided and improved the project delivery 

to-date and will also aid in the end product delivery.  There a number of advantages which have 

become apparent through the GIS use, the advantages are listed below: 



 

• Storing and analysis of data 

• Sharing of information/collaboration across project team, stakeholders and public 

• Facilitation of communication via a common viewing platform 

• Can e-mail GIS files/use uploading tool e.g. Business Collaborator to share information- 

which aids efficiency 

• Editing - allows the user to re-visit calculations in response to project decisions 

• Spatial representation – enhances understanding 

• Aids mapping of future changes and decision making 

• Can provide an audit trail 
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