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Abstract 

For almost 40 years, design rainfall and flood estimation in Ireland has been governed by the methods 
outlined in the Flood Studies Report (FSR) and its subsequent supplementary reports.  These methods 
are now replaced by those of the OPW Flood Studies Update. 

A brief description of the research undertaken as part of the Flood Studies Update (FSU) Programme 
is provided and some of the improvements are highlighted. These include greater accuracy achieved 
by more extensive data and by improved methods that can account for the variety of hydrological 
conditions in Ireland.  
 

1. INTRODUCTION 

The standardised approach of the OPW Flood Studies Update in Ireland has built on a wide range of 
experience across the UK and Ireland in flood estimation. This comparison with the original Flood 
Studies Report (FSR, 1975) is intended to contribute to the dissemination of FSU procedures and to 
facilitate discussion and further development.  
 
Elements of FSU research were prepared by many research contractors and consultants and their 
reports are discussed in the references below. 
 

1.1 The Flood Studies Report 

In 1967, the UK Institution of Civil Engineers Floods Committee put forward proposals for urgent 
research on improved flood estimation techniques. The work was undertaken by the Institute of 
Hydrology (now Centre for Ecology and Hydrology). On the suggestion of Professor JE Nash of 
University College Galway, a former Head of the Institute, data from Ireland was included in the 
studies and Ireland’s Office of Public Works was represented on the Steering Group. Hence, when the 
Flood Studies Report was published in March 1975, it was based on extensive research and analysis 
of available hydrometric and rainfall records in the UK and Ireland. Records up to and including the 
year 1970 were analysed.  

The statistical Flow v Return Period (Q-T) relationship was calculated in two steps involving (1) a 
regression equation on catchment and climatic characteristics to first estimate an index flood, the 
annual average peak flood (Qbar), and (2) this was then scaled up by a growth factor XT. The T-year 
design flood hydrograph was estimated from rainfall using the 1-hour unit hydrograph at the site. Its 
time to peak Tp was also based on a regression analysis on catchment characteristics and the 
percentage runoff was derived from soil maps. 

Regional analysis used geographical regions, with all of the island of Ireland treated as a single 
region. In the Qbar regression equation, the catchment characteristics’ exponents were constant across 
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all regions, with only the coefficient varying between regions. Separate growth factors XT were 
derived for each region. The time to peak regression equation is the same for all regions. 

Updates to the FSR methodologies were issued between 1977 and 1988 through a total of 18 Flood 
Studies Supplementary Reports (FSSRs). In the early 1990s, the range of these supplementary reports, 
together with new concepts such as hydrological similarity (use of similar catchments rather than 
geographically close catchments) and the longer length of record, led to a complete update of flood 
estimation techniques in the UK (FEH, Institute of Hydrology, 1999).  

The FEH research however was limited to the UK only, leaving practitioners in Ireland to continue to 
use the FSR even though there was a realisation that these techniques were becoming outdated. For 
example, weaknesses in the performance of the FSR statistical method on catchments near Dublin 
were reported by Bruen et al. (2005). 
 
1.2 The Flood Studies Update Programme 

In 2000, the Joint Irish National Committees of UNESCO’s International Hydrological Programme 
(IHP) and of the International Commission for Irrigation and Drainage (ICID) recommended that a 
review and update of the FSR methodologies similar to that in the UK should be undertaken in 
Ireland.  After a number of flooding incidents in Ireland the Government appointed a review group in 
the spring of 2002 to advise it on all aspects of flooding in Ireland and one of the programmes 
identified was the Flood Studies Update. 

A Technical Steering Group (TSG), chaired by the OPW, was formed in 2005 and it specified and 
managed the technical aspects of the programme.  The TSG comprised a number of experts from the 
OPW, EPA, Met Éireann, ESBI, NUI Galway, and included Professor Con Cunnane, and Dr. Duncan 
Reed who had hands-on experience in the development of the FSR and FEH methodologies 
respectively. 

The FSU Programme capitalised on advances in information technology, mapping, data measurement 
and flood estimation techniques that had evolved since the publication of the FSR in the mid 1970’s. 

The research was broken into a number of thematic Work Groups (WGs), with outputs and 
methodologies of all groups made available as a free-to-use web-based rainfall and flood estimation 
tool. This has led to the development of the FSU Web Portal. As well as performing hydrological 
calculations, users of this Portal can download various Technical Research Reports (TRRs) relating to 
the various work packages behind the development of the FSU methodologies for reference. 

 

The FSU was divided into six distinct thematic Work Groups (WGs) as follows: 
 

WG1 - Meteorological Analysis  
WG2 - Hydrological Analysis 
WG3 - Flood Hydrograph Analysis 
WG4 - Small and Urban Catchment Flood Analysis 
WG5 - Development of Information Systems 
WG6 - Publication and Dissemination of the FSU Products. 
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Figure 2: Gauging Stations used 

Individual research reports on many work packages have been edited into a series of six themed 
Volumes that are collectively referred to as the FSU Technical Research Report, and are available on 
the FSU Web Portal.  

 

2. IMPROVEMENTS IN DATA 

The improvements to data that came about since the FSR can be categorised into three main groups: 
rainfall data, flow data and physical catchment descriptors. 

2.1 Rainfall Data 

Of the 577 daily rainfall gauging stations used, 474 are in the Republic of Ireland and a further 103 
are in Northern Ireland, with a range of 20 to 64 years of data at each station. In total 25,800 years of 
daily data were applied in a rainfall frequency analysis for durations greater than one day. The 
locations of the 577 gauging stations are shown in Figure 1. 
 
In the analysis of short duration (sub-daily) rainfalls, hourly 
data from 39 gauging stations for periods ranging from 11 to 
55 years was used. Of the 39 sub daily gauging stations, 31 of 
these were in the Republic of Ireland and 8 were in Northern 
Ireland.  

The large database in comparison to FSR provided more 
contemporary data as well as a better geographical and 
altitudinal spread of rainfall information across Ireland. 
Kriging methods were applied to interpolate rainfall between 
gauging stations. 

 
2.2 Flow data 
As stated above, the flood frequency studies of FSR used some 1,700 record years of data from a total 
of 112 gauging stations from around Ireland. Most of these had at best a record length of 
approximately 15 years. Since 1970, the OPW have installed many more gauging stations around the 
country and the EPA has taken over responsibility for the processing of data from Local Authority 
river gauges. As a result, by the start of the FSU Programme, 6,725 record years of Annual Maximum 
(Amax) flow data from a total of 215 quality gauging stations was available for use in the FSU. The 
locations of these 215 gauging stations are shown in Figure 2. 
 
By this time, the paper charts from each organisation had been 
digitised and continuous flow time series (flow values at 15 
minute intervals) for most of these gauging stations was 
available in digital format for the FSU research.  The availability 
of such data made detailed analysis of hydrographs possible. 
 
2.3 Physical Catchment Descriptors (PCDs) 

GIS systems allowed PCDs to be prepared at specified ungauged 
locations (nodes) along the entire Irish river network (EPA 
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blueline River Network), at which flood estimation would be possible.  
 
These nodes were placed at 500 metre spacings along the entire EPA blueline river network resulting 
in approximately 134,000 ungauged locations at which PCDs were defined. Using the OSi Digital 
Elevation Model for Ireland, surface catchments draining to these ungauged locations (nodes) were 
delineated and spatial datasets such as the Corine Landcover 2000, Forestry (FIPS), Soils and 
Geology, and Average Annual Rainfall allowed catchment climate and physical characteristics for 
each of these areas to be defined. In total, 30 PCDs, expressed as numerical values were developed for 
each ungauged location. Not all of these descriptors were eventually used in the FSU methodologies; 
however a brief description of those most commonly used is given in Table 1 below.  
 
Table 1: PCDs most commonly used in the FSU methodologies 

PCD name PCD Description Units 

AREA Surface Area  km2 

SAAR Standard period (1961-‘90) average annual rainfall mm 

BFIsoil Baseflow Index derived from soils data From 0 - 1 
FARL Flood Attenuation from Reservoirs and Lakes.  from 0 - 1 
DRAIND Ratio of length of river network to catchment area km/km2 

S1085 Slope of the main stream between the 10 and 85 percentiles of the main stream 
length 

m/km 

ARTDRAIN2 Proportion of the river network that is included in drainage schemes.  from 0 - 1 

URBEXT Proportion of the catchment area that is urbanised (per Corine Landcover 2000 
dataset). 

from 0 - 1 

ALLUV Proportion of the catchment area that is covered by alluvial deposits. from 0 - 1 
FOREST Proportion of the catchment area that is covered by forest (per Corine 

Landcover 2000 and FIPS datasets) 
from 0 - 1 

 
The PCDs mentioned in Table 1 above were derived for all 134,000 ungauged locations, and similarly 
for the 215 gauging stations used in the FSU analysis. The body of research to define a single Soils 
and Geology (BFIsoil) descriptor from the range of individual soils and geology is described in 
Volume IV of the FSU Technical Research Report, but it is worth mentioning here that it represents a 
substantial step forward from the FSR Winter Rain Acceptance Potential (WRAP) soil classification 
in terms of spatial resolution and the improved soils mapping. 
  

3. UPDATING ESTIMATION METHODS 

 
3.1 Rainfall 

A depth duration frequency model was developed in FSU which allows for the estimation of point 
rainfall frequencies for a range of durations for any location in Ireland. The model consists of an 
index (median) rainfall and a log-logistic growth curve which provides a multiplier of the index 
rainfall. Rainfall station data were analysed and an index rainfall extracted, interpolated and mapped 
on a 2km grid. 
 
Rough estimates of standard error can be derived; for example, at Phoenix Park, the 25-day rainfall 
with a return period of 500 years is 340 ± 47mm i.e. has about a 66% chance of lying between 293mm 
and 387mm. 
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3.2 Calculation of the Index Flood (QMED) 

The FSU approach also considers an index flood method:  
 
        QT = QMED . XT 

 
The median annual maximum flood magnitude, QMED, is used as opposed to Qbar which is used in 
the FSR. The median is less sensitive to large extreme floods and to flood measurement error in 
general.  The estimation method for ungauged locations is based on a regression analysis relating 
observed QMED to PCDs at gauged locations in Ireland, given by the following equation: 
 

( ) 408.0185.0
1085

341.0217.2306.1922.0937.05 2110237.1 ARTDRAINSDRAINDFARLSAARBFIAREAQMED soilrural +×=
−−  

 
QMEDrural is an estimated value for a catchment that contains little or no urban area. The equation has 
a factorial standard error of 1.37, which means that there is approximately a 66% chance of lying 
between 0.73 (=1/1.37) and 1.37 times the estimate. The factorial standard error of the FSR equation 
was approximately 1.5. 
 
A new and important principle in FSU is the concept of the ‘pivotal site’. A pivotal site is defined as 
the gauging station that is considered most relevant to a particular flood estimation problem at the 
subject site, and is used to adjust the QMED rural estimate.  Ideally, a pivotal site will lie a short 
distance upstream or downstream from the subject site at which the flood estimation is required, but it 
can also be geographically close or hydrologically similar to the subject site.   
 
The general procedure is to infer an adjustment factor to the QMEDrural estimate by examining the 
performance of the regression-based model at the pivotal site.  This adjustment factor, AdjFac, is 
calculated at the pivotal site as follows: 

PCDrural

gaugedrural

QMED

QMED
AdjFac

,

,
=  

 

The adjustment is then made at the subject site: 

PCDruraladjustedrural QMEDAdjFacQMED ,, ×=  

 

In simple terms, if the gauged value of QMEDrural at the pivotal site is found to be 20% greater than 
the PCD-based estimate, it is assumed that the regression model will be similarly in error at the 
subject site.  Thus, the estimate of QMEDrural at the subject site is adjusted by multiplying by 1.20. 

A final adjustment to the QMED estimate may be made. This is an adjustment for urbanisation, 
defined as: 
 

482.1)1( URBEXTUAF +=  
where UAF is known as the Urban Adjustment Factor. 
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FSU research investigated the performance of this method on catchments less than 30km2 in area. 
Gebre and Nicholson (2012) have shown that the FSU method of index flood estimation is applicable 
for catchments as small as 5km2, and outperforms other small catchment methods such as the IH124 
procedure. Estimation of QMED below this threshold using the FSU methodology is not 
recommended as it is far outside the range of catchment areas of gauging stations used in FSU and in 
any case, the resolution of much of FSU mapping is limited to 1km2. 
 

3.3 Growth Factors 

In the application of the FSR growth curve in Ireland, many practitioners became uncomfortable with 
the idea that a single set of growth factors should apply to Ireland as a whole. Furthermore, advances 
were made in statistical analysis in the years that followed introduction of FSR.   
 
The Region of Influence (ROI) method developed by Burn (1990) defines a region centred on the 
specific (subject) catchment.  Gauged catchments are selected to join the region according to their 
geographical proximity or hydrological similarity to the subject catchment.  The ROI method was 
favoured in the FEH project, where it was found to be more effective than the use of fixed 
geographical regions (Jakob et al., 1999) such as those used in the FSR. FSU research similarly found 
that the partitioning of Ireland into a number of geographical regions that possessed their own 
individual growth curves was not feasible. 
 
Hence, in FSU, the ROI method is used to form a pooling group of gauging stations whose 
catchments are hydrologically similar to that of the subject site. The station that is most similar is 
chosen as the first member of the group, then the second most similar, and so on. Similarity is 
measured by a combination of catchment area, annual average rainfall and a soil parameter. The 
extent of the pooling group follows the “5T rule”, that is, the group should comprise a set of gauging 
stations with a total record, in terms of station-years, that is at least five times the target return period. 
For example, to estimate the 100-year flood the pooling group must possess approximately 500 years 
of annual maxima data.  The L-moment statistics of the gauging stations in the pooling group are 
derived and a weighted average is considered representative of L-moment ratios at the subject site. 
These statistics are then used to select the most suitable statistical distribution to describe the flood 
frequency curve at the subject site, and hence describe the growth factors for that location.  
 
3.4 Design Hydrographs by the FSU method 

Perhaps the technique where the FSU departs most from methods used previously in the UK and 
Ireland is in the area of synthesising design hydrographs. The rainfall-runoff method used in the FSR 
has been abandoned in favour of a parametric approach to deriving design hydrographs, without use 
of a design rainfall as input. Instead the method is based wholly on recorded hydrograph data from 
gauging stations in Ireland, using three different shape parameters that describe a design hydrograph 
shape. 

The work of ‘Hydrograph Width Analysis’ took as its starting point the method developed by Archer 
et al. (2000) for specifying a design flood hydrograph at gauged sites.  Each annual maximum flood 
hydrograph was examined and the widths of the flood hydrographs at selected percentiles of peak 
flow were obtained (see Figure 3). 

The median values of these hydrograph widths at each percentile of the peak flow were extracted and 
a hydrograph which is non-dimensional with respect to discharge (i.e. with a peak of 1.0) is derived. 
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This is termed the derived median hydrograph, and an example of one such hydrograph is shown in 
Figure 4. 

The ‘characteristic hydrograph’ for the gauging station in question is a parametric model that is fitted 
to the derived median hydrograph (see Figure 5). Three shape parameters for the fitted ‘characteristic 
hydrograph’ are then recorded.  
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Figure 3: Selection of Annual Maximum flood hydrographs at a gauged site (standardised by their peak)  

In the FSU methodology, the characteristic hydrograph is made up of two distinct parts. A Gamma 
distribution describes that part of the hydrograph relating to the rising limb of the hydrograph as far as 
its point of inflection on the recession limb. From this point of inflection, the rest of the hydrograph is 
defined by an exponential decay curve.    

               

Figure 4: A typical derived median hydrograph showing the median widths at the selected percentiles 

To define these curves, three parameters are required: n, Tr, and C where: 
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• n is the Gamma curve shape parameter; 

• Tr is the rise time of the hydrograph.  The time origin (t=0) of the model is at the peak of the 
hydrograph. Thus, t = -Tr defines the time at which the hydrograph commences., and  

• C is the parameter of the exponential recession which replaces the Gamma model beyond its 
inflection on the receding limb. This inflection occurs at t = tinfl = Tr/√(n-1). 

                    

 
Figure 5: Sample output from software that fits the characteristic hydrograph 

 

The three hydrograph shape parameters were related to catchment PCDs, thus allowing the 
hydrograph shape to be estimated at all ungauged locations along the blueline river network. 

One reason for this approach was based on the perceived weaknesses of the FSR rainfall-runoff 
method in that calibration of its parameters Tp, time to peak, and SPR, standard percentage runoff, 
were reliant on high resolution rainfall data which in many locations in Ireland is poor, or just not 
available. These steps also relied on defining the correct return period rainfall that should be used to 
estimate QT. Archer et al. suggested that the asymmetric profile derived from observed flood 
hydrographs provides “a more realistic basis for generating a design flood hydrograph than standard 
FSR methods”.  The method is claimed to be “simpler and quicker” than the available FSR methods, 
and “does not require the separate assessment of base flow and storm runoff” (Archer et al., 2000). 
Finally, the method allows the hydrograph to be fitted directly to a peak flow of any return period.  
 
 
4. EARLY EXPECTATIONS FOR FSU 

 
4.1 New Standardised Methods 

While the FSU methodologies and its Web Portal will deliver much needed updates to the FSR, it 
must be borne in mind that standardisation of methods is not always applicable everywhere in Ireland. 
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Users will need to have a general knowledge of the data and systems that were applied in the research. 
When preparing a flood estimate, they are required to make certain decisions on the applicability of 
the system to their target catchment at various stages.  
 
Research work will continue and the Web Portal will facilitate future updating of methodologies and 
techniques as new research and data become available.  
 
In this digital age, some users may expect that a simple ‘point and click’ operation is all that will be 
required to obtain a design flood estimate at any particular location. However, flood risk estimation is 
inherently uncertain, and it is of utmost importance that the individual user of the methodologies takes 
ownership of his particular flood estimation problem by equipping himself with the necessary 
information to apply adequate engineering judgement. To quote Reed (2005), “digital methods should 

be tools to support thought, not to exclude it.” It is therefore important that prospective users of the 
FSU methodologies via the Web Portal are aware of what the FSU can do, but just as importantly 
what it cannot do. 
 

4.2 What the FSU does not do 

FSU presents a giant leap forward in terms of the extent of information available to assist in design 
rainfall and flood estimation. However, the web tool is accompanied by a word of caution to make 
users aware of the limitations of the system.  

The delineation of 134,000 catchment boundaries to ungauged locations was an automated GIS 
process, applied to the OSi DEM and the EPA blueline river network. Minor inconsistencies in these 
systems may lead to unforeseen issues with ungauged catchment boundaries that can then have a 
knock-on effect on the derivation of PCDs. Indeed the underlying landscape and soils datasets used to 
produce the PCD’s are by no means perfect either, and the user should be cognisant of this. An 
understanding of the ‘real’ characteristics of the subject catchment cannot be stressed enough and 
users should satisfy themselves that the data provided is correct to the best of their knowledge.   

Similarly, the user is encouraged to use their knowledge of the subject catchment to inform the choice 
of pivotal site, and whether to accept the pooling group suggested by the FSU methodology. 

FSU has intentionally avoided climate change. The research into the future effects of climate change 
on flood flows is still in its infancy and research is constantly emerging in this regard. The FSU Web 
Portal will provide a means of disseminating such information on current research through its News 
Page as and when it arises. 

A Users Forum on the FSU Web Portal will be used to identify gaps and perceived deficiencies in the 
methodologies and inform on future areas for improvement and research.  

 

4.2 It is different to the FSR value so it must be wrong 

Early feedback during preparation and testing of the FSU methodologies indicated some reluctance to 
accept the FSU results. For 35 years and more, practitioners in Ireland have become accustomed to 
the FSR concept that the 1:100 year growth factor is approximately double the value of Qbar. It is 
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understandable that users will find it difficult under the FSU to accept that the 1:100 year growth 
factor at a particular location could be as low as 1.8 or even as high as 2.4 in some cases, or that in 
adjacent catchments these vastly differing factors could apply. It is important to understand that error 
bands associated with such estimates have been greatly reduced in comparison to the FSR methods. 
The variation in this growth factor accounts, to some extent, for storage effects due to floodplains, 
lakes and karst in Ireland and for significant variations in rainfall across the country.   

Users find it stranger still that a design hydrograph can be constructed without reference to rainfall 
inputs. This was evident in the early stages of the FSU Programme, at consultation workshops, where 
concerns were expressed about the absence of a link to rainfall data. An application was added to the 
Web Portal entitled IBIDEM which provides a comparison between FSR and FSU methods of 
hydrograph synthesis.  Users should take some comfort in noting that the FSU method for 
constructing hydrographs used records from 90 gauging stations in Ireland, as opposed to zero in the 
FSR. 

The statistics provided in Table 3 below may go some way towards summarising the improvements 
that have been incorporated into the FSU data and methodologies. 

Table 3: Comparison of the FSR and the FSU datasets and methodologies  

Description FSR FSU 

Meteorological data:   

Number of daily station locations 330 577 

Number of station years 3300 25800 
Number of sub-daily station locations 12 39 
Number of stations used 112 215 

Number of station years of Amax 1700 6725 
No. Of PCDs and their values <10 30 

Means of determination of PCDs Manually Predetermined at 
134,000 locations 

Mapping scale (precision) Coarse scale DTM based 

Hydrograph synthesis:   

Number of Irish gauges used 0 90 

Flood frequency analysis:   

Qbar  Vs QMED – factorial Standard Error: 1.50 1.37 

Growth Factor approach Single Curve for 
Ireland 

Site Specific Growth 
curve 

Minimum Catchment Area 30km2 0.5km2 

 

5. CONCLUSION 

The FSU is a first step towards rainfall and flood estimation tools specific to Ireland that can be 
further developed and improved over the coming years. The FSU methods are intended to replace the 
FSR as the recommended standard for rainfall and flood estimation in Ireland. They are expected to 
provide greater accuracy than the FSR methods as they account for the variations in hydrological 
conditions across the country. In the first year following the launch of the FSU Web Portal the 
feedback received through the application of these FSU methodologies will be monitored and 
assessed to identify any bugs or deficiencies in the System in advance of it becoming fully 
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operational.  The success of the methodologies will be measured by how well they are received by 
practitioners during this time. Future updates of the FSU methodologies will also be considered in 
response to feedback from users and in response to further research and this will be facilitated via the 
FSU Web Portal.  
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