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Executive Summary

This report describes Flood Studies Update Work Package 3.4, Guidance for River Basin
Modelling.

The aim of Work Package 3.4 was to develop guidance for dividing river models into reaches
and choosing hydrological design inputs to models such that conditions in the river reach
correspond to the intended flood probability.

Part A of the project developed rules and guidance for setting design inputs for river models.
Part B tested and adapted the rules and guidance using four case study catchments: the
Rivers Tolka, Suir, Owenboy and Dodder.

Development of guidance

This report describes how daily maximum flow data from 166 gauging stations were used to
fit marginal distributions of flood frequency and a model of inter-site dependence. The model
gives the distribution of flood probability (return period) at one station, during a flood event of
specified probability at another station. The results are illustrated using maps showing
connections between the most dependent station pairs. Dependence was found to be related
to various pairwise catchment descriptors, such as distance between catchment centroids
and difference between BFI values (a measure of catchment permeability). There was too
much scatter in the results to enable development of regression models; instead a
classification of catchment pair types was introduced using various threshold values of
pairwise catchment descriptors. For each class of pair, the results can be used to estimate,
for example, the expected probability at one site given a 1% annual exceedance probability
event at the other site.

The report describes the development of guidance for classifying river modelling problems,
dividing models into reaches and setting inflows for design events. The guidance is
influenced by four important factors:

* The extent of the model (for example, whether it includes just one watercourse or
extends up its tributaries as well).

¢ The presence of gauging stations close to points of interest within the model.

¢ The degree of dependence between the upstream and downstream ends of the
model, and between any tributaries and the main river.

* The importance of backwater effects.

It can be seen that only one of the factors involves dependence. The guidance is intended to
be a pragmatic and realistic approach to encapsulating the wide variety of situations
encountered in river networks and making the best use of available hydrometric data. A brief
summary of the guidance, intended for users, is provided in the final chapter of the report.

Testing of guidance

The report describes the selection of case studies and the methodology used for each study.
Each case study is then described in turn. After the first case study (River Tolka) there is an
extra chapter describing additional work which was carried out to enable definition of the
timings of model inflows.

The four case studies provided useful opportunities to apply the guidance and rules of thumb
in practice. The most significant finding, from the Tolka case study, was that more work was
needed as part of this study to set the relative timing of model inflows. A regression model
was developed which allows the difference between the timing of flood peaks on two
catchments to be predicted from differences in catchment descriptors.

A common theme that emerged from the case studies is that the FSU methods of flood
estimation, all designed for application at individual locations, do not necessarily give spatially
consistent results. For example, if they are applied at a confluence they can sometimes
estimate upstream design flows whose sum is greater than the downstream estimate, which
is physically impossible.
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This inconsistency can be seen both in the magnitudes of peak flows and the durations of
flood hydrographs. Both of these can lead to difficulties in river modelling, which imposes a
structure on the hydrological response of the catchment which is not necessarily present in a
set of design flows derived for individual locations using FSU (or FSR) statistical methods. In
the past this issue has not caused such explicit difficulties. often because river modelling
studies have largely relied on the FSR design event method, in which an assumed
catchment-wide design storm imposes a structure on the flood hydrographs that are fed into
the model.

Despite the difficulties associated with spatial consistency, the case studies on the Suir,
Owenboy and Dodder showed that when inflow probabilities are set using the guidance
developed in WP3.4a and their timings set using the regression model described in this
report, the resulting modelled flows generally give an acceptable agreement with hydrological
estimates at points within the model reaches. At the downstream end of all five reaches in
the various models, the modelled flows were within 21% of the hydrological estimates. On
the Owenboy and a tributary of the Dodder, the results matched to within 3%. These are
encouraging results which should promote confidence in use of the guidelines.

Two of the models (Suir and Dodder) were divided into multiple reaches for simulation of
design events, in accordance with the guidance. In doing this it emerged that the division of
models may be less important than was first thought, due to the way in which hydrograph
shapes and widths are created in the FSU methodology.

This study has been a valuable opportunity to carry out research into the representation of
design events in river models and apply a state-of-the art statistical model of spatial
dependence. The approach developed in this study is an alternative to more integrated
approaches such as continuous rainfall-runoff simulation modelling or direct application of the
full spatial statistical approach underlying the guidance; both would require significantly more
modelling to represent joint probabilities by simulating many different combinations of design
flows. Instead, the approach here has been to analyse the statistical dependence between
catchments and use this information to guide appropriate choices of design flows when only
one or a small number of simulations can be performed. This is inevitably a compromise
since it does not explore the full range of scenarios that could contribute to the design
condition in a catchment model, but the rules of thumb help to base choice of design
simulations on a consistent analysis of dependence between rivers.
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1.1

1.2

Introduction

Purpose of this report

This report describes Flood Studies Update Work Package 3.4, Guidance for River Basin
Meodelling. It combines previous draft reports on the two parts of the work package. Part A of
the project developed rules and guidance for setting design inputs for river models. Part B
tested and adapted the rules and guidance using four case study catchments: the Rivers
Tolka, Suir, Owenboy and Dodder.

Background to project

Work package 3.4 addresses the interface between flood estimation and basin-wide hydraulic
modelling, an issue which is often not given enough attention. Application of design flows to
steady-state hydraulic models is usually straightforward, but when unsteady (hydrodynamic)
models, or flow routing models, are applied there can be a conflict between the flow simulated
by the model and the design flows estimated by hydrological methods. This is particularly the
case when models are applied to long river reaches or entire catchments.

In the past, hydrodynamic models have tended to rely on the Flood Studies Report rainfall-
runoff method to generate design flows for subcatchments. These inflows would then be
routed down the modelled watercourse, with additional inflows for tributaries. As described in
the tender document, some modellers also add inflows for intervening areas which may drain
directly to the modelled watercourse, or consist of numerous small tributaries.

In many cases, the primary application of catchment-scale river models will be for flood risk
mapping. In this application it is necessary to model an event of the required probability at all
points in the river system. Because this situation does not occur in reality, it can be difficult to
represent in river models, and often requires multiple runs, each of which aims to simulate the
design condition in part of the river system. One difficulty is that there is no guarantee that
hydrographs scaled to match design flows at model inflows will result in the preferred design
flows being reproduced further downstream within the model.

There are other applications which require simulation of a realistic flood event throughout the
river system. These include model calibration and simulation of events for flood warning
studies. It is important for the model developer and user to be aware of what type of
application they are dealing with.

The brief for this project introduces various types of problems. These boil down to two
particular issues:

e Setting combinations of inflows at confluences to result in the required design
condition downstream.

e Setting inflows for long reaches where a hydrodynamic model will alter the flood
hydrograph (by delay and attenuation) so that at the downstream end of the reach the
hydrograph shape and peak flow may be quite different to that which would have
been estimated by a hydrological assessment of the entire catchment draining to the
downstream point.

As explained in the brief, the underlying problem is that of dependence in river flows. To be
more specific, the problem is the lack of total dependence between river flow at different sites.
If all sites in a catchment always experienced the x% AEP flood during the same event, it
would be more straightforward to specify inflows for river models (i.e. they could all be set to
the x% AEP event). In reality, dependence is partial and it tends to decrease for sites that are
further apart. A better understanding of inter-site dependence will offer an opportunity for a
more robust and consistent approach to river basin modelling.
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1.3

Brief

The brief states that the objectives of the project are:

¢ To develop rules and guidelines for subdividing river models into reaches, choosing
hydrological design inputs to river modelling studies, and “sizing” these inputs to the
hydraulic models such that conditions in the river reach correspond to the intended
return period.

e To explore, trial and adapt these rules and guidelines based on case studies and
practical experience.

The brief gives some requirements for Work Package 3.4a, which should:
1. Classify river-modelling applications accerding to the character of problem they
present for integrating hydrological and hydraulic elements.
2. Provide guidance on the subdivision of river models into reaches.
3. Propose rules of thumb for setting design inputs to river models.

The brief anticipates that the classification will distinguish three to five types of flood-risk
modelling problem, with different sets of rules and guidance proposed in each case. It states
that the rules put forward should have a scientific rationale and be capable of general
application to catchment-wide flood-risk estimation. It lists six items of work that were
expected to be required:

1. Derivation of measures of pairwise dependence for floods in Irish rivers;

2. Development of pairwise catchment descriptors based on FSU catchment
descriptors;

3. Using 1 and 2 above, generalisation of models of inter-site dependence for:
a. Upstream-downstream station-pairs

b. Confluent station-pairs;

4. Development of a system to classify river-modelling problems according to their
dependence characteristics (taking account of the position of gauges where
appropriate);

5. Formulation of rules and guidance for setting design inputs for three to five categories
of problem, and identification of any additional situations that may not be amenable to
a river-modelling approach;

6. For each of three to five main categories of river-modelling problem, proposing:
a. Guidance for the subdivision of river models into reaches
b. Rules of thumb for setting design inputs to river models

The brief also gives some requirements for Work Package 3.4b, which comprises five main
items:

¢ In conjunction with OPW, to select case examples that are typical of river modelling
applications;

¢ To acquire relevant model and survey information, and flood data, to support the
case examples;

* To develop flood estimates based on the interim (or final) methods emerging from
WP2.2, WP2.3 and WP3.1;

e To explore and trial the rules of thumb and guidelines proposed in WP3.4a

e To adapt the rules of thumb and guidelines in the light of the experience gained in
WP3.4b
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1.4

Return periods and AEPs

This report uses both return period and annual exceedence probability (AEP) to describe the
rarity of a flood. This is because the brief was expressed in terms of return periods, and all
the dependence model calculations were carried out using return periods, but the FSU
standard is now to prefer the use of AEP. Most of the results of the case studies are
described in terms of AEP, and key outputs (such as Table 2.1) have been converted from
return period to AEP. Table 1-1 is provided to enable quick conversion between return
periods and AEPs.

Table 1-1: Conversion between Return Periods and Annual Exceedance Probabilities

Return Period (years) & 5 10 25 50 75 100 150 200

1000

Annual Exceedance 50 20 10 4 2 133 1 0.67 0.5
Probability (percent)

0.1

A complicating factor is that there are two definitions of return period:

e The average interval between flood events (this is the definition used in the
dependence modelling, and is sometimes known as the average recurrence interval,
ARI); or

e The average interval between years containing a flood event (this is the inverse of
AEP; it is the return period on the annual maximum scale).

The difference between these alternatives is only significant for return periods shorter than
around 20 years. Where necessary, Langbein's equation has been used to convert the
results of the dependence model into AEP values.
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2.1

.l

Development and results of dependence model

Overview

This chapter describes how a model of spatial dependence was fitted to daily maximum flow
data from lIrish gauging stations. It includes a brief description of the model, although the
background and statistical details are given in Appendix B. The results of the model are
presented in various ways, for example maps showing connections between pairs of gauging
stations with high dependence, and plots showing how dependence is related to various
pairwise catchment descriptors. For application of the model, pairs of gauging stations are
classified according to five characteristics. The results are shown in Table 2-1 which lists the
level of dependence for each of the 32 classes of station pairs.

Data used for the analysis

We obtained data from flow gauging stations classed as A1, A2 or B according to Hydro-
Logic (2006)". The analysis only considers stations with at least ten years of digital data
available. Physical catchment descriptors® were also obtained for all gauging stations.

The minimum simultaneously observed record length needed to be able to reliably estimate
the dependence between extreme flows at a pair of flow gauges is around 20 years. In order
to be able to reliably estimate the dependence between a set of flow gauges we must have
20 years of simultaneously observed data for each pair of flow gauges. However, it is
possible to obtain an approximate estimate of the dependence with around 10 years of
simultaneously observed data. We imposed a minimum of 30 threshold exceedances for
inclusion of site pairs in the dependence modelling, which typically corresponds to 10 years of
overlapping records.

The analysis has been based on daily maximum flows. It was necessary to use continuous
data (rather than just flood peak data) because the dependence analysis needs to account for
dependence between locations or variables that are not extreme. This is because several
locations may experience conditions that are not extreme, but which combine to produce
extreme conditions elsewhere. Daily maxima (calculated from 15-minute data), rather than
daily means, were chosen to ensure that the analysis captured the peak flows during flood
events on small flashy watercourses.

All data was quality controlled using visual assessment of time series to check for trends, step
changes, unrealistic outliers and periods of missing data. Tests for trend and step changes
had already been carried out as part of Work Package 2.2, although this concentrated on the
A1 and A2 stations.

We incorporated the findings of WP2.2% into our selection of periods of record for analysis.
WP2.2 found significant trends in annual maximum flows at 12 out of 117 stations, mostly on
watercourses not affected by drainage. At six of these stations, the FSU annual maximum
series has been separated into two periods of record. Our analysis at these sites used only
the more recent period of record. The trend testing in WP2.2 also identified that drainage
works had a visible impact on annual maximum flows at 14 stations. At these stations, we
have again used only the recent post-drainage period of record, so that the results reflect the
present-day state of the watercourses. We also checked nine other stations where drainage
took place which were not identified in WP2.2.

166 stations were found suitable for the analysis. They are listed in Appendix A. The
average record length was 31 years. The stations covered a wide range of catchment sizes

' Hydro-Logic (2006). Review of Flood Flow Ratings for Flood Studies Update. Report to OPW.

* Catchment descriptors are defined in Compass Informatics (2008). Spatial and Hydrological Catchment
Descriptors to Gauged Locations. Report to OPW,

* As reported in a 67-page document on trend testing by the National University of Ireland, Galway.
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