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Abstract 

The Flood Studies Update (FSU) Programme of research and development was initiated by 

the Office of Public Works (OPW) in 2004 to provide improved methods of extreme rainfall 

and flood estimation at both gauged and ungauged locations in the Republic of Ireland. It is a 

substantial update of the earlier Flood Studies Report (FSR) (NERC, 1975) undertaken in the 

early 1970's which it supersedes for Irish catchments.  

This technical paper summarises the design, development and validation of a Web-based 

Applications Portal (FSU Web Portal) that implements rainfall and flood estimation 

computations at river locations in the Republic of Ireland, based on methodologies already 

developed through the FSU Programme. There are five key areas for which extreme rainfall 

and flood estimation methodologies have been developed in the form of web based 

applications and made available through the FSU Web Portal, namely: (i) Rainfall depth-

duration-frequency analysis; (ii) Estimation of the index flood at ungauged locations; (iii) 

Flood frequency analysis (and flood growth curve analysis); (iv) Flood hydrograph width 

analysis and (v) Interactive Bridge Invoking the Design Event Method (IBIDEM).  

The FSU Web-based Applications Portal provides a convenient means of disseminating the 

FSU research results and methods (encapsulated in interactive tools) and the associated 

documents in the form of Technical Research Reports (TRRs). 

1 INTRODUCTION 

The FSU Programme is a programme of research and development, undertaken by the Office 

of Public Works (OPW), to provide improved methods of extreme rainfall and flood 

estimation at both gauged and ungauged locations in the Republic of Ireland. It is a 

substantial update of a programme of study called the Flood Studies Report (FSR), which 

was undertaken in the early 1970s by organisations in Ireland and the UK to provide 

methodologies for flood estimation in the UK and Ireland.  In the UK, the Flood Estimation 

Handbook (FEH) (Institute of Hydrology, 1999) has now superseded the FSR. 

The outcomes of the FSU research will be made available and accessible as free-to-use web-

based rainfall and flood estimation tools within the FSU Web-based Applications Portal, 

commissioned by the OPW and developed by RPS and HydroLogic. The use of this FSU 

Web Portal will be of practical importance in the areas of flood risk management, flood 

mapping, and flood relief design work in the Republic of Ireland.  The FSU Web Portal will 

be used by the OPW, local authorities, research organisations and private sector practitioners 

and professionals working in the area of flood risk assessment and management in Ireland. 
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The HydroNET Portal framework which was used for the development of the FSU Web 

Portal, consists of a set of server side applications, which can be developed and maintained 

by various organisations and may have different trajectories of development, quality control, 

support and maintenance. It is a flexible solution which can easily be customised to meet the 

requirements of a specific group of end users who will make use of different menus, web 

pages and applications through portlets.  

The paper presents the main results of the implementation of the FSU methods and software 

within the HydroNET portal framework to supply users the flexibility and user friendly 

environment of a web platform combined with the interactive rainfall and flood estimation 

applications based on the FSU research. 

2 FSU WEB PORTAL ARCHITECTURE AND STANDARDS  

The architecture used by the FSU Web Portal is a web-based architecture, essentially based 

on the HydroNET framework, developed in Microsoft .NET 4.0 consisting of frontend and  

backend components, both hosted on virtual machines (schematically depicted in Figure 1).  

 

Figure 1. Schematic representation of the FSU Web Portal based on HydroNET framework.  

The FSU Web Portal uses industry standard technologies and compatible open standards 

(such as SOAP, WMS, WFS, NetCDF, HDF5, XML, WaterML, PostGIS, JSON, etc.). Data 

storage and data distribution of the Portal is supported by these standards. For example 

NetCDF and HDF5 allow self-describing multi-dimensional data storage in files. Open-

source projects like PostGIS, MySQL, GDAL/OGR and jQuery are integrated in the Portal 

and support various implicitly included open standards. 
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3 FSU WEB PORTAL RAINFALL AND FLOOD ESTIMATION APPLICATIONS 

There are four Rainfall and Flood Estimation applications within the FSU Web Portal. This 

part of the paper describes the technical aspects of these modules, especially the integration 

of existing software of different platforms within the FSU Web Portal. The first three 

modules include a so-called Site Orientation Map (SOM) tool. Within the SOM tool the user 

is able to view and select base maps (e.g. OSi and OpenStreetMap) and WMS layers such as 

hydrometric gauging stations, catchments, rivers, lakes and other relevant map information 

(see Figure 2).  

 

   

Figure 2. The FSU Web Portal’s graphical user interface (left) with the SOM tool (right).  

 

3.1 Rainfall DDF Estimation Application 

The Rainfall Depth Duration Frequency (DDF) estimation module uses a number of R / 

GeoR scripts that were previously developed during the FSU research programme in order to 

estimate either Design Rainfall Depths or Design Rainfall Frequencies (see Figure 3) at both 

point locations and likewise for whole catchments. These scripts were integrated within the 

FSU Web Portal using a web service utilising the RScript console application (RScript 

development tool, 2013). 

The initial developed R scripts did not contain all required functionality, hence a number of 

calculation functions such as the Areal Reduction Factor, conversion to Peak Over Threshold, 

Discretisation Factors and others were additionally implemented into the web service 

directly. 

 

3.2 Flood Frequencies  Application 

The main purpose of the Flood Frequencies application is to estimate flood frequencies for a 

given subject site in a particular catchment area. This is done by first calculating the index 

flood (QMED) which is adjusted by the use of data transfer from a pivotal site. This is then 

followed by selecting a number of gauging stations (pooling group) which have catchment 

characteristics that are similar to the subject site and using them to calculate growth curves 

for the subject site using several statistical distributions (e.g. EV1, GLO, LN2), (see Figure 
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4). The construction of such growth curves is facilitated by the computation of the L-CV, L-

skewness, L-kurtosis and L-sknewness statistics within the FSU Web Portal. 

 

 

 

Figure 3. An example of Design Rainfall Depth calculations within the FSU Web Portal.  

 

Figure 4. An example of a typical Growth Curve derived within the FSU Web Portal.  
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When using multiple stations (a pooling group) Hosking and Wallis H and H* heterogeneity 

statistics are calculated (Hosking and Wallis, 1997). In order to compute these statistics a 

dedicated FSU Web Portal back-end web service uses a number of subroutines of the original 

L-Moments Fortran code written by Hosking (2003). The integration of the Fortran code into 

the .NET environment was performed by developing a C# to Fortran wrapper, that is further 

compiled in a Visual Studio development environment into a Dynamic Link Library (DLL) 

with the relevant subroutines.  

 

3.3 Hydrograph Widths Estimation Application 

The Hydrograph Widths application estimates the width of the characteristic hydrograph of 

the chosen subject site using data transfer from a pivotal site. The Hydrograph Widths 

module offers a range of functionalities as follows: 

• Selecting the best pivotal site based on Physical Catchment Descriptors (PCDs). 

• Viewing pre-loaded hydrograph shapes at gauging stations; with flexible start and end 

times. 

• Viewing the characteristic hydrograph shape based on PCDs. 

• Uploading results from the existing HWA software (n, Tr and C hydrograph shape 

parameters – see left hand pane in Figure 5). 

• Uploading user generated hydrographs for the current session. 

• Reviewing and adjusting the pivotal site PCD hydrograph shape with a deformation 

factor and an adjustment of n to match the peak flows properly (see left hand pane of 

Figure 5). 

• Transferring the characteristic hydrograph shape of the pivotal site to the subject site 

using either a hard or a soft (partial) transfer. 

• Applying the characteristic hydrograph to QT calculated in the Flood Frequencies 

Estimation application. 

 

 

Figure 5. Inspection and adjustment of the hydrograph shape of the pivotal site.  

The current version of the existing proprietary HWA software (referred to in bullet point no. 

4 above) may be downloaded from the FSU Web Portal and calculations can be performed 
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offline. HWA results for 150 gauging stations are already available on the FSU Web Portal, 

however if a user wishes to upload HWA results that they have derived for a specific gauge, 

they can simply upload the results to the FSU Web Portal since the existing HWA software is 

a desktop application rather than a web-based application. 

 

3.4 Interactive Bridge Invoking the Design Event Method (IBIDEM) Application 

The IBIDEM is an existing web application that compares hydrographs produced by the 

Hydrograph Widths application to hydrographs produced by the FSR method. The main 

approach is to choose the Tp and SPR parameters of the FSR rainfall-runoff model so that the 

design hydrograph synthesised by the FSR design event method matches the one produced by 

the FSU procedures (FSU WP3.5, 2009). In addition to using hydrographs generated by the 

FSU Web Portal it is also possible to upload a custom hydrograph in CSV format (see Figure 

6). 

 

 

Figure 6. Graphical user interface of the IBIDEM application within the FSU Web Portal.  

The available IBIDEM application was originally written in VB.NET and JavaScript, using 

sessions variables and page refreshes to keep track of the user’s choices. In order to integrate 

this application within the FSU Web Portal, utilising AJAX at front-end user’s interface, the 

IBIDEM has been completely redesigned and rewritten into to C# and jQuery technologies. 

4 FLEXIBILITY OF THE FSU WEB PORTAL  

During the design and development of the FSU Web Portal several aspects were taken into 

account enhancing the flexibility of the Portal to allow for further developments, generic 

changes and updates with new functionalities and computational applications. 

 

4.1 Uploading Geospatial and Measurement Data  

The FSU Web Portal currently contains the functionality of uploading new or updated 

geospatial data and measurements. When new hydro-meteorological measurements become 

available the administrators of the Portal can easily upload the available data. The Portal 

automatically validates and integrates these new measurements into the calculation 

applications without extra configuration being required. 

The spatial data is stored in a PostgreSQL database with the PostGIS spatial extension. This 

platform is an open source platform and supports geospatial and attribute-based query 
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functionalities. The integration of PostGIS in the FSU Web Portal validates the inserted data 

using predefined rules, which ensures that the calculations being made are always using 

validated spatial data. 

As new FSU research results become available that demonstrates the need for additions or 

alterations to the Physical Catchment Descriptors (PCD’s), these can be added to the Portal 

by the administrators without replacing and affecting the existing data. This flexibility is 

created by using a database solution rather than a file based solution. These newly added 

attributes can directly be used by the equation editor (see section 4.3) for integration into the 

FSU Web Portal. 

In addition, the Hydrograph Width Analysis software can be downloaded from the Portal. 

Using this software, users can produce their own hydrographs. The results can be exported 

and uploaded to the FSU Web Portal and can be used for further comparison and calculations. 

FSU Web Portal administrators can also upload HWA results which become visible and 

available for all users. 

 

4.2 Downloading FSU Software, Geospatial Data and Documentation 

The FSU Web Portal offers a download module that supports the following functionalities: 

• Selecting and downloading geospatial data and measurements. 

• Downloading the HWA software. 

• Downloading the FSU Guidance Handbook (FGH) that represents the user manual for 

the FSU Web Portal. 

• Downloading the FSU research reports known as the Technical Research Reports 

(TRRs) as they become available. 

 

4.3 Editing Equations for the Calculation Applications  

In addition to uploading spatial files and measurement data, the FSU Web Portal also 

anticipates possible future changes in the FSU equations and methodologies by providing an 

Equation Editor. With this editor the equations encapsulated within the Rainfall and Flood 

Estimations applications can be changed and additional equations can be inserted. 

This Equation Editor provides the following functionality: 

• Simple arithmetic operators (+, -, *, /). 

• Mathematical constants (Euler’s E, Pi, Euler-Mascheroni’s Gamma). 

• PCDs as parameters (e.g. area, S1085, SAAR). 

• Simple mathematical functions (power, log, square root, exponential). 

• Iterations over data sets (e.g. summation of Q1 to Qn). 

• Highly accurate complex mathematical functions (cumulative inverse normal 

distribution, gamma). 

• Recursive nested equations. 

 

Figure 7 shows an example of the Beta version of the LN3 growth curve equation in the 

equation editor module of the FSU Web Portal. The equation refers to LN3_XT_K, which is 

the unique code for the K parameter of the LN3 growth curve equation. Also Exp 

(exponential), Pow (power) and Phi (cumulative inverse distribution) functions are used. The 
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equations used are parsed at runtime during which the unique codes are replaced with actual 

values, the functions are called and the operators are executed. 

A wrapper was written around the open source NCalc library (2012) in order to provide a 

high performance equation parser as a back-end. The wrapper achieves this performance by 

executing all occurrences of the same sub-equation rather than parsing them separately 

 

 

Figure 7. An example of the LN3 growth curve equations (beta part) within the Equation 

Editor of the FSU Web Portal.  

5 VALIDATION OF THE FSU WEB PORTAL CACLUATIONS RESULTS 

In order to verify the implemented code and further validate the correctness of the 

implemented calculations methods and results from the Applications of the FSU Web Portal, 

several tests were performed during the development of the Portal, such as Alpha testing, 

Beta testing and numerical validation by comparing hand-based calculations with FSU Web 

Portal –based calculations. For example, Figure 8 depicts the results from the 2-parameter 

EV1 Curve Fitting for station 15003 (Dinin Br.), as a result of Flood Frequency Estimation 

application.  
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Figure 8 Comparison between 2-parameter EV1 Curve Fitting (left) for station 15003- Dinin 

Br. and the results from the FSU Web Portal (right).  

 

Table 1 summarises the results of DDF calculation for the catchment corresponding to 

gauging station 25017, including the application of the Areal Reduction Factor.  

 

Catchment Average Rainfall Depth (d) 7.2 19.5 42.2 286.3 

Duration (D) 0.25 0.25 2 600.00 

Results of Portal-based Calculations      

Areal Reduction Factor (ARF) 0.564 0.564 0.791 0.972 

Total rainfall with ARF [mm] 4.07 11.01 33.35 278.32 

Results of Hand-based Calculations:     

FSU Web Portal ARF: 0.564 0.564 0.791 0.972 

FSU Web Portal total rainfall [mm] 4.1 11 33.4 278.3 

Assessment correct correct correct correct 

 

6 CONCLUSIONS 

The Office of Public Works has initiated the FSU Programme, organised in different Work 

Packages (WP), to provide improved methods of extreme rainfall and flood estimation at 

gauged and ungauged locations in the Republic of Ireland. An essential part of the WP6: 

Dissemination and publication of the FSU products, is the development and implementation 

of a Web-based Applications Portal for the FSU, including the implementation of all 

associated tools and methodologies through this Portal. As described in the paper, RPS and 

HydroLogic, with the support of the OPW staff, have jointly developed, implemented and 

validated the FSU Web Portal, which is currently available in a Beta version.  

The use of this FSU Web Portal with the implemented interactive Applications is of practical 

importance in the areas of flood risk management, flood mapping, and flood relief design 

work in the Republic of Ireland.  The FSU Web Portal is a free-to-use system for various 
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stakeholders such as OPW staff, local authorities, research organisations and private sector 

practitioners and professionals working in the area of flood risk assessment and management 

in Ireland. 

Beta testing of the FSU Web Portal will continue through November and December of 2013, 

and the public release of the Portal is envisaged by early 2014. 
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