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Abstract 
 

This volume describes the FSU research on digital catchment data.  A Physical 

Catchment Descriptor (PCD) represents a facet of a catchment in a single 

number.  For example, drainage area in km
2
 summarises catchment size, and 

average annual rainfall in mm summarises the wetness of its climate.   

 

PCDs are sometimes referred to as catchment descriptors, catchment attributes 

or catchment characteristics.  These terms are interchangeable.  

 

Two classes of PCD are distinguished: those deriving from the river network, 

and those obtained by overlay of the catchment boundary on a thematic map.  

These are referred to respectively as hydrological PCDs and spatial PCDs.   

 

Chapter 2 summarises the production of the main set of physical catchment 

descriptors.  Most importantly, it introduces the digital information systems that 

underlie them.  Much of the reporting is necessarily technical.  Later parts of 

Chapter 2 offer a somewhat easier interlude, by providing a feel for the meaning 

and values of the PCDs used in the FSU.   

 

Three special PCDs developed as part of the FSU research are reported in 

Chapters 3, 4 and 5.  These are:  the flood attenuation index (FAI), an auxiliary 

index of catchment wetness (FLATWET) and the soil baseflow index (BFIsoil).  

It should be noted that Chapter 3 describes much of the work undertaken to 

produce an indicative flood-risk map of Ireland, en route to developing the 

flood attenuation index (FAI) needed in the FSU.   

 

The final chapter highlights the important roles that Physical Catchment 

Descriptors play in applied hydrology. 
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Further information about the research 

 
FSU Technical Research Reports (TRRs) are available in their original 

form for researchers and practitioners who seek additional information 

about a method.  The original TRRs sometimes document exhaustive 

application of a method to many catchments.  In others, additional options 

are reported.   

 

Inevitably, the relevance of the original TRRs is influenced by OPW 

decisions on which methods to implement, and how best to arrange and 

support them.  Readers who consult the original TRRs will notice editorial 

re-arrangements and compressions, and occasional changes in notation and 

terminology.  These were judged necessary to enhance understanding and 

use of the FSU methods amongst general practitioners.  More significant 

changes are labelled explicitly as editorial notes. 
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Glossary of terms 
 

Term Meaning 

Annual exceedance 

probability AEP 
Probability of one or more exceedances in a year of a preset value 

Annual maximum series Time series containing the largest value in each year or water-year of record 

Blue-line river network Mapped representation of the actual river network 

Calibration 
Comparison of a model’s predictions with actual data, and adjustment of its 

parameters to achieve a better fit with reality 

Coefficient of 

determination r
2 

Proportion of variation accounted for by (e.g.) a regression model 

Easting and Northing 
Coordinates of a location expressed as distance eastwards and distance 

northwards from a fixed datum (i.e. reference point) 

FAI polygon 

Mapped extent of the floodplain where the elevation is not in general 

greater than 1m above the nominal bank level of the channel; the polygon is 

used in derivation of the flood attenuation index, FAI 

Generalisation 

Process/outcome of relating a hydrological variable – such as the index 

flood (QMED) or the baseflow index (BFI) – to allow its estimation at 

ungauged sites; typically, the generalisation is based on PCDs 

Hydrological PCD A physical catchment descriptor deriving chiefly from the river network 

Interpolation Any method of computing new data points from a set of existing data points 

Met Éireann Irish National Meteorological Service 

Peaks-over-threshold 

series 

A time series of independent events (abstracted from the period of record) 

that exceed a preset threshold; the series typically retains the magnitudes 

and dates of the peak exceedances 

Pivotal catchment 
The gauged catchment judged to be most relevant to a particular flood 

estimation problem at a specific (usually ungauged) site 

Residual Observed value minus the value estimated by a model 

Return period T 

Average number of years between years with (e.g.) floods exceeding a 

certain value.  T is the inverse of the annual exceedance probability.  Thus, 

a 50-year return period corresponds to an AEP of 0.02. 

Skewed Departure from symmetry (of a distribution of values) 

Spatial PCD 
A physical catchment descriptor obtained by overlay of the catchment 

boundary on a thematic map 

Standard-period average 

annual rainfall SAAR 

Standard-period average annual rainfall, i.e. annual average rainfall 

evaluated across a WMO standard period; in FSU usage, SAAR relates to 

1961-90 

Standard deviation Measure of dispersion (i.e. variation) of values about their mean 

Validation 
Assessment or confirmation of a derived model’s performance by reference 

to additional data (i.e. data not used in calibration of the model) 

Verification 

In this volume, verification refers to work undertaken to verify that correct 

representations have been achieved of (e.g.) river networks and catchment 

boundaries. 
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1 Introduction 
 

This volume describes the preparation of physical catchment descriptors (PCDs) to support 

the Flood Studies Update.  The chief aim of the work is to provide numerical data that 

describe or summarise catchment properties.   

 

The PCD work was national in scope and established within the framework of a Geographic 

Information System (GIS).  Source GIS data from organisations such as the Ordnance Survey 

Ireland (OSi) and the Environmental Protection Agency (EPA) were incorporated as building 

blocks of the PCDs.   

 

A major element of work is the construction of river networks and catchment boundaries to 

ungauged sites.  This is a development of earlier work, not least for the EPA.  Reporting here 

seeks to convey the principles and sufficient detail to understand what the PCDs represent. 

 

1.1 Catchments 
 

A catchment is the area that drains to a given point on a river system.  The FSU web-portal 

supplies physical catchment descriptors (PCDs) for ≈134,000 catchments, and uses a digital 

representation of the river system.  This is the EPA blue-line river network.  Formally, a 

catchment is defined to a point on the digital river network called a node.  In applications, the 

point is sometimes called the catchment outlet.  Catchments are nested one within another, so 

labels are needed to focus attention on the main sites of interest.   

 

A user is typically concerned with the catchment to a particular site.  This is the subject site.   

Because flood estimation relies heavily on flood data recorded at river gauging stations, it is 

also relevant for the user to consider the catchment to a nearby gauged site.   

 

In many applications, the user has to decide which gauged site is most relevant to flood 

estimation at the subject site.  The catchment chosen is referred to as the pivotal catchment.  

It is pivotal because the choice underpins the flood estimates reached at the subject site. 

 

1.2 PCDs – what are they? 
 

A physical catchment descriptor (PCD) characterises a facet of a catchment in a single 

number.  For example, drainage area (AREA) summarises catchment size and standard-

period average annual rainfall (SAAR) summarises the relative wetness of its climate.   

 

Some PCDs are the output of special studies that include an element of modelling.  For 

example, BFIsoil generalises a model of the baseflow index (BFI), which a hydrological 

variable developed from daily mean flow data. 

 

PCDs are sometimes referred to as catchment descriptors, catchment attributes or catchment 

characteristics.  These terms are interchangeable.  Specific use of the term physical catchment 

descriptor helps to highlight Irish applications in web-searches. 

 

Two classes of PCD are distinguished here: those deriving from the river network, and those 

obtained by overlay of the catchment boundary on a thematic map.  These are referred to 

respectively as hydrological PCDs and spatial PCDs.   
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Terminology is not always easy.  The words river and stream are used interchangeably, as are 

the terms drainage-path and flow-path.  However, the latter terms specifically distinguish a 

drainage route inferred from elevation data rather than one taken from the blue-line river 

network. 

 

1.3 PCDs – why are they useful? 
 

PCDs are useful in three main ways.  Most obviously, they are used to quantify and 

summarise catchment properties.  These applications are discussed in Chapter 6. 

 

The PCDs all take numerical values.  In essence, they provide to have a “common currency” 

of catchment description.  The PCDs help to place particular catchments within a regional or 

national context, and particular subcatchments within a local context.   

   

1.4 What is meant by an index? 
 

An index is a quantity that captures some catchment feature or hydrological behaviour in a 

convenient fashion.  Indices are often designed to be dimensionless and to take a value in the 

range 0 to 1.  For example, URBEXT is an index of urban extent.  It denotes the proportion of 

the catchment area mapped as urbanised. 

 

1.5 PCDs – how are they developed? 
 

Most of the PCDs presented here were derived in research and development by Compass 

Informatics.  A first requirement was to develop PCDs for gauged catchments to support 

research on Flood Frequency Estimation (Volume II) and Hydrograph Analysis (Volume III).    

 

It is the role of PCDs to represent catchment properties quantitatively and generally, i.e. on 

every possible catchment.  In a later phase, PCD calculation extended across all river 

catchments for which flood estimates might be required. 

 

1.6 Special PCDs 
 

In addition to PCDs derived from terrain, river network and other digitally mapped 

information, three special descriptors were developed.  These are FAI, FLATWET and 

BFIsoil.  Each is the subject of a later chapter but the motivation behind their development is 

now introduced. 

 

1.6.1 A flood attenuation index, FAI 
 

In the gently sloping rivers characteristic of much of Ireland, flood flows coming into a river 

often exceed the rate at which they can be transmitted downstream towards the sea.  Water 

levels rise in consequence, and flood water spills out of the river channel and inundates 

adjacent low-lying land.  This behaviour is especially typical of sections of river where 

tributaries join the main river.  But it also occurs more generally.   
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While potentially damaging to property or agriculture locally, the spillage acts as a safety 

valve.  It reduces and delays the flood wave that passes down the river system.  The 

reduction-and-delay process is known as flood attenuation (see Figure 1.1).  Although 

management may seek to enhance flood attenuation, the process is largely natural. 

 

 
Figure 1.1:  Flood attenuation  

 

A special element of research undertaken by Compass Informatics was to develop both an 

indicative map of flood risk (see Box 1.1) and an index that summarises flood attenuation at 

the catchment scale.  The resultant PCD is the flood attenuation index, FAI, described in 

Chapter 3. 

   

 

Box 1.1: What is meant by an indicative map of flood risk? 

 

 

1.6.2 An auxiliary index of catchment wetness, FLATWET 
 

The impact of climate on flood behaviour goes far beyond the rainfall or snowmelt that leads 

directly to flooding.  Prior wetness determines how receptive soils are to absorbing rainfall by 

infiltration.  Indeed, over periods of hundreds, thousands and millions of years, climate 

determines much of the character of soils.   

 

The primary PCD representing climate in the FSU is the standard-period average annual 

rainfall, SAAR.  Research in the UK (Bayliss and Morris, 1999) developed an auxiliary index 

of wetness behaviour based on soil moisture deficit (SMD) data.  The index is defined as the 

proportion of time for which soils can be expected to be typically quite wet, giving rise to the 

descriptor name PROPWET.  Whilst conceptually unpromising, the index has proved useful 

when generalising statistical (Robson, 1999) and rainfall-runoff (Kjeldsen, 2007) methods of 

flood frequency estimation in the UK.   

 

This motivated development of a somewhat similar index in Ireland, reported in Chapter 4.  It 

is important to see FLATWET as an empirical descriptor of climate to be used alongside 

other indices.  The index is not intended as a free-standing descriptor of typical soil wetness.  

An indicative map of flood risk is one that provides a first indication of land areas that are 

potentially liable to inundation.  An alternate name is an indicative map of flood extent.   

 

Such maps necessarily make general assumptions.  For example, it is typical for an 

indicative flood-risk map to ignore flood defences that may exist. 
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It is sufficient that the derived values represent the broad variation in soil wetness across 

Ireland induced by climate, and it is not required that the PCD should represent orographic 

effects.  The name FLATWET is chosen to emphasise the terrain-free nature of the index.   

 

Nor does FLATWET represent soil properties.  The FSU indexes these in other ways, 

principally through BFIsoil. 

 

1.6.3 An index of catchment permeability, BFIsoil 
 

The baseflow index BFI (IH, 1980) is a relatively standard hydrological variable calculated 

from daily mean flow data.  The index has proven useful in low-flow studies in many 

countries, and also in some flood studies.  BFI lies in the range 0 to 1.  A value close to 1 

indicates a highly permeable catchment in which baseflow fed from groundwater is the 

dominant contributor to river flow.  A value less than about 0.3 indicates an impermeable 

catchment in which flow response to rainfall can be expected to be relatively immediate.  In 

the gently sloping rivers characteristic of much of Ireland, BFI also reflects influences from 

water storage in bogs, lakes (i.e. loughs) and reservoirs. 

 

Generalisation of the index (to allow its estimation at ungauged sites) requires a method for 

estimating BFI from mapped soil-type and other information.  The descriptor BFIsoil is the 

outcome of special research undertaken at OPW, building on work by the EPA, GSI, Teagasc 

and ESBI.  Teagasc is the Irish Agriculture and Food Development Authority.  Details of the 

development are presented in Chapter 5.  BFIsoil can be referred to as the soil baseflow index. 

 

1.7 Structure of report 
 

Chapter 2 summarises the production of the main set of physical catchment descriptors.  Most 

importantly, it introduces the digital information systems (also known as the geo-database) 

that underlie them.  Much of the reporting is necessarily technical.  Later parts of Chapter 2 

offer a somewhat easier interlude, by providing a feel for the meaning and values of the 

PCDs used in the FSU.   

 

The special PCDs of Chapters 3, 4 and 5 have already been introduced.  It should be noted 

that Chapter 3 describes much of the work undertaken to produce an indicative flood-risk 

map of Ireland en route to developing the flood attenuation index (FAI) needed in the FSU.  

Chapter 6 closes the volume by summarising the important roles that PCDs can play in this 

digital age. 

 

The reporting is supported by six appendices. 
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2 Production of main PCDs 
 

2.1 Introduction 
 

 

2.1.1 Relationship to Water Framework Directive 
 

The work builds on national datasets of river and lakes maintained by the EPA and used by 

organisations participating in the implementation of the EU Water Framework Directive 

(WFD).  The work seeks to adhere to national feature codes (sometimes called identification 

codes) developed for the WFD.  This promotes compatibility between WFD and FSU 

information systems, and interoperability between national initiatives.        

 

 

2.1.2 Classes of PCD 
 

Underlying the PCDs are two fundamental strands of digital data defining the river network 

and the catchment boundary to the subject site.   

 

When preparing PCDs at national scale, it is helpful to distinguish two classes: those deriving 

from the river network, and those obtained by overlay of the catchment boundary on a 

thematic map.  These are referred to here as hydrological PCDs (discussed in Section 2.4) 

and spatial PCDs (discussed in Sections 2.6 to 2.8).   

 

Whilst the distinction is fundamental to understanding their development and derivation, 

many users will be content to treat the FSU physical catchment descriptors as one set.   

 

 

2.1.3 Level of detail 
 

The terms of reference require that geographical analyses be carried out to a considerable 

level of detail, representing catchments as small as 1 km
2
.  This has resulted in a database of 

PCD values for ≈134,000 potential subject sites.  Each of these represents a catchment.   

 

Their derivation requires definition of catchment boundaries to all sites.  This is an immense 

undertaking, not least in a nation where land gradients are often mild and make catchment 

boundaries intrinsically difficult to define.   

 

The level of detail achieved is thought to compare well with international studies.  While the 

UK Flood Estimation Handbook (IH, 1999) uses a more detailed digital terrain model (DTM) 

to imply catchments as small as 0.5 km
2
, the work reported here more extensively anchors the 

hydrological DTM to mapped representations of the actual river network.   

 

The scale of analysis required a thorough assessment of source datasets and considerable 

attention to detail in the derivation of the PCDs.  Where technical difficulties arose, methods 

to resolve or minimise them were chosen in consultation with OPW.  Typically, difficulties 

stem from inherent limitations or localised error in source datasets. 
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2.1.4 Project phasing 
 

The PCD work was phased to prioritise development and mapping of a flood attenuation 

indicator along rivers.  This forms the basis of the special flood attenuation index (FAI) 

discussed in Chapter 3.   

 

In an attempt to make highly technical work more intelligible to the non-specialist, reporting 

has been rearranged and references to contractual phasing omitted.  The specialist reader may 

wish to refer to the original TRRs.   

 

 

2.2 Nodes on the river network 
 

 

2.2.1 Requirement 
 

The specification for the project requires that node points are placed at 500-metre intervals 

along each river/stream for which the catchment area ≥ 1 km
2
.  Occasionally, these are 

referred to as ungauged nodes to distinguish them from the special subset of nodes that 

represent FSU gauged catchments.  More typically, they are just called nodes. 

 

The nodes are building blocks for the FSU and its implementation.  In essence, they provide a 

systematic set of sampling points along the river network.  The nodes are the points to which 

hydrological and spatial PCDs are developed.  The node system is further enhanced for 

development of the flood attenuation index (FAI) of Chapter 3. 

 

A first task was to determine – throughout the national river network – the points at which the 

drainage area first attains or exceeds the 1 km
2
 threshold.  These are variously known as the 

threshold nodes, initiation points or headwater nodes.  Each name finds application below in 

one context or another.  However, the terms should be treated as synonymous. 

 

The two datasets required to perform this task are now introduced.  Box 2.1 refers to the 

vector and raster formats in which information is held in a Geographic Information System. 

 

 

Box 2.1: Raster and vector data in a Geographic Information System 

 
 

 

Mapped information is held in a Geographic Information System (GIS) in one of two main 

formats: raster or vector.  Raster information is in the form of an array of pixels.   Vector 

information is in the form of points, lines, polygons and fills (i.e. shaded areas).  

 

Each format has its advantages.  Raster information looks more realistic if of sufficiently 

high resolution.  Vector information is more economical in terms of storage and, in 

principle, can be zoomed (or scaled) without loss of quality. 

 

Converting raster information into a system of points, lines, polygons and fills is known as 

vectorisation.  The converse operation is called rendering.  This takes the mathematical 

description of a vector image and converts it into pixels. 
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2.2.2 EPA blue-line river network 
 

The EPA blue-line river network is a vector representation of the position and connectivity of 

Irish rivers.  The network derives from analysis of aerial photography and provides a 

representation of the actual river network. 

 

2.2.3 River segments 
 

A river segment is defined to run: (i) from the 1 km
2
 threshold node to the first mapped 

confluence, (ii) from one mapped confluence to the next mapped confluence, (iii) from a 

headwater node or mapped confluence to the point of entry into a downstream lake, (iv) from 

the point of exit from a lake to the next mapped confluence, or (v) down to the tidal boundary 

(nodes are not placed in tidal sections). 

 

2.2.4 Hydrologically-corrected Digital Terrain Model (hDTM) 
 

The hydrologically-corrected DTM (Preston and Mills, 2002) is a raster map of landscape 

drainage-paths developed for the EPA, and based principally on 1:50,000 scale map 

information.  The hDTM flow-paths provide a synthetic (as opposed to real) drainage 

network.  However, they have the important advantage that their drainage areas are known.   

 

2.2.5 Drainage network inferred from the hDTM 
 

The flow-paths in the hDTM can be converted to vector format for comparison with the 

mapped river network.  These are called the hDTM flow-lines or polylines. 

 

The hDTM has a calculated drainage area at every point.  Prior to the work reported here, 

drainage areas were not generally known for points on the mapped river network. 

 

2.2.6 Node placement and numbering 
 

Nodes are required to be placed on the EPA blue-line river network.  The first task was to 

identify locations on the river network that best correspond to the 1 km
2
 threshold points 

indicated by the hDTM.  In most locations, a good correspondence was found between the 

vector river lines and the DTM flow-paths: permitting a straightforward placement of the 

threshold nodes.  This reflects the health of the hDTM inherited by the FSU.   

 

Nodes are numbered in a 3-tier system.  Thus, Node 16_1811_2 is the second node along 

River Segment 1811 in Hydrometric Area 16.  The convention used is to number nodes from 

the upstream end of the river segment.   Thus, Node 16_1811_2 lies downstream of 

Node 16_1811_1. 

 

The two red dots in Map 2.1a mark threshold nodes thus placed on tributaries.  The threshold 

nodes initiate the river network considered by the FSU but may or may not correspond to 

initiation of the EPA blue-line river network.   

 

Where a good correspondence (e.g. Map 2.1a) is found between the mapped river network 

and the hDTM flow-lines, a correspondence code can be recorded between the two GIS 

objects.  This assists the automated delineation of subcatchments in Section 2.3. 
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However, in certain locations typical of flat terrain, the correspondence between the hDTM 

flow-lines and the mapped river network is poor or variable (Map 2.1b).  In these situations, a 

point has to be identified on the mapped river network that best corresponds to the 1 km
2
 

threshold within the hDTM.  This task required manual verification and, in certain locations, 

correction of points placed by automated analysis.  

 

 

 

 

 
Map 2.1: Reconciling blue-line river network with hDTM flow-paths 

 

 

 

 

2.2.7 Extent of the mapped river network 
 

In some localities the hDTM indicates that the drainage area to the head of the mapped river 

network exceeds 1 km
2
.  In these locations the first node is placed at the head of the mapped 

1
st
 order stream (see Box 2.2).  Not all catchments of 1 km

2
 area are represented in the FSU.  

However, catchments are represented for such sites that lie on the mapped river network. 

 

Once 1 km
2
 threshold nodes have been placed in the upstream sections of each river system, 

subsequent nodes are placed at 500-metre intervals along each river segment and at the end of 

each river segment.  The last regularly-spaced node is omitted where this lies within 100 

metres of the end of the river segment.  Thus an interval of up to 600 metres can occur 

between the penultimate node on a river segment and the end node. 

 

  

(a) Good correspondence         (b) Poor/variable correspondence 

Key 

●  1.0 km
2

 threshold node 

●  confluence  
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Box 2.2: Strahler stream orders 

 
 

 

 

2.3 Subcatchment delineation 
 

2.3.1 Introduction 
 

The formal requirement was to:  Develop a tool to delineate subcatchments (i.e. create 

polygons, areas, centroid locations and mean altitudes) … to points (or nodes) at equal 

intervals of 500 metres starting at the upstream end, along every river and stream, and at all 

confluences in the Republic of Ireland.  The tool shall be based on a hydrologically-corrected 

digital terrain model of the Republic of Ireland (e.g. Preston and Mills, 2002). 

 

Use of the term subcatchment conveys the inherent nested nature of catchments.  The 

requirement is to delineate and store subcatchment boundaries to all nodes placed in 

Section 2.2.  Boundaries are represented by polygons.  Special attention is paid to river 

confluences, with three subcatchment boundaries constructed: one for each of the merging 

rivers, and one for a site immediately downstream of their junction (see ).  Lakes are also 

specially treated, with a polygon for each lake inflow point and a polygon held for a site 

immediately downstream of the lake outflow.  

 

In principle, a subcatchment is delineated for each of ≈139,000 nodes in the Irish river 

network.  However, in certain locations typified by flat terrain, analysis of the hDTM does 

not provide an adequate representation of the catchment area at the ungauged node and a 

subcatchment is not recorded.  This failure (affecting 3.6% of the ≈139,000 ungauged nodes) 

means that PCDs and boundaries are supplied for ≈134,000 subcatchments.  Table A.1 in 

Appendix A presents accounting statistics (by Hydrometric Area) for the placement of nodes, 

the number of nodes for which it proved possible to produce spatial PCDs, and the number of 

nodes for which it proved possible to calculate hydrological PCDs. 

 

Stream orders refer to river networks mapped at a particular scale.  A first-order stream is 

one mapped with no upstream tributary.  When two first-order streams come together, 

they form a second-order stream.  When two second-order streams come together, they 

form a third-order stream, etc.  However, a stream of lower order joining a higher order 

stream does not change the order of the higher stream (see Strahler, 1964).  
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Box 2.3: Nodes at confluences 

 

 

2.3.2 Automated process 
 

Derivation of subcatchments uses two pre-existing EPA grids provided to the FSU project in 

conjunction with the hDTM.  The flow direction grid records the direction of flow out of each 

cell into one of its eight neighbours.  GIS specialists refer to the flow accumulation grid, 

which records the number of cells that drain into the target cell.  It amounts to an area 

accumulation. 

 

In principle, subcatchments can be constructed by an automated process.  Each node has an 

exact position (to the nearest metre) represented in Irish grid coordinates.  This is recorded in 

fields node_east and node_north of the node attribute table (see Table A.2).  Analysis of the 

hDTM synthetic flow-paths and accumulation grid in the vicinity of the node indicates a 

point on the hDTM at which a catchment can be defined using the standard GIS watershed 

function.  The GIS term for this location is the pour point: the point on the stream network 

above which the program will delineate a subcatchment.   

 

The pour point is taken to be the location on the hDTM that is most nearly equivalent to the 

river node for which the subcatchment is required.  The pour point is recorded in fields 

pour_east and pour_north of the node attribute table (see Table A.2). 

  

As indicated in Section 2.2 and illustrated in Map 2.1b, the vector river segments do not 

always coincide with the flow lines inferred from the hDTM.  This prevents automated 

creation of subcatchments in some cases.  Where an adequate correspondence does not exist 

between the river segment and synthetic flow-path vectors, the nodes are flagged for the 

adaptive process of subcatchment delineation.   

 

2.3.3 Adaptive process 
 

In the adaptive process, the operator zooms to the zone in which correspondence between 

river segments and flow-paths is judged inadequate, and inspects the river segments, nodes 

and synthetic hDTM flow-paths.  The operator can select each node in turn and link it 

interactively to a location on the hDTM.  The chosen pour point is then written to fields 

pour_east and pour_north of the node attribute table.  

 

Confluences are an important feature of the river 

system and of building a digital representation of 

the catchment.  The general approach taken was to 

place a triplet of nodes: one node on each river 

immediately upstream of their confluence, and a 

third immediately downstream.   

 

However sophisticated the FSU Web Portal, there 

remains scope for the FSU user to select Node A 

when Node B or Node C is intended.  The mistake 

will be especially easy to make when one of the 

tributaries is dominant. 
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During the adaptive process, some nodes in the river segment may acquire pour points (and 

thereby subcatchments) whilst others do not.   Where multiple failures occur, the operator can 

elect to flag the whole river segment as failing to record subcatchments.  This occurs for 

≈1265 river segments or 3% of the total number with assigned nodes.   

 

The status of the river segment is recorded in field pour_stat of the river attribute table (see 

Table A.3).  Values in this field are: Pourpt (where some or all of the segment’s nodes 

acquire pour points and thus subcatchments), FAIL (where no subcatchment is delineated for 

any node along the segment) or No node (where the river segment does not contain nodes 

because the area threshold of 1 km
2
 is not reached). 

 

2.3.4 Implementation 
 

Though automated, derivation of subcatchments from the hDTM is a time-consuming process 

that can take several days to complete for the set of nodes in a large Hydrometric Area.  

 

The watershed function returns an individual grid file that represents the subcatchment 

boundary to the node.  Such grid files are not retained.  Rather, a vector polygon version is 

derived and saved as a separate shapefile.  Example boundaries are shown in Map 2.2.  The 

area of the shapefile polygon in km
2
 is recorded in field poly_area of the node attribute table 

(see Table A.2).  

 

 

 

 
Map 2.2: Examples of delineated subcatchments 

 

2.3.5 Verification  
 

Given that subcatchment boundaries to most nodes derive from an automated process, quality 

control is important to verify that a correct representation has been found for all nodes.  This 

applies irrespective of whether the hDTM pour point for the node has been derived by the 

automated process or by the operator-assisted adaptive process. 
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To automate the verification process, a rule-base (i.e. a specific set of checks) was fixed: 

 

 The area to the node immediately downstream of a confluence must exceed the sum 

of the subcatchment areas to the end nodes of the tributaries that flow into the 

confluence. 

 The area to the node immediately downstream of a lake must exceed the sum of the 

subcatchment areas to the end nodes of the lake inflow streams. 

 Moving down a river segment, the area to each consecutive node must exceed the 

subcatchment area to the previous node. 

 The catchment area to the end node on a river segment must not exceed the area to the 

penultimate node on that river segment by more than 100%.  This check is to ensure 

that the catchment area of the segment end-node does not inadvertently extend beyond 

the true segment e.g. beyond a confluence near the tidal boundary. 

 

Where the verification rules are all satisfied, the set of subcatchments associated with the 

nodes along a river segment is considered to be correct.  Where a rule is violated, the operator 

can inspect the nodes and: (i) reposition the node’s pour point on the hDTM, (ii) flag that a 

subcatchment cannot be derived for an individual node or (iii) flag that no subcatchment can 

be derived for the suite of nodes along the segment (i.e. set pour_stat = FAIL in the node 

attribute table). 

 

If node pour points on the hDTM are repositioned, the automated catchment delineation is 

rerun and the verification rules reapplied.  This remains an iterative process until an adequate 

representation has been obtained.  Otherwise, the nodes are flagged as failing to acquire a 

subcatchment. 

 

The status of subcatchment delineation for each node is recorded in field node_catch of the 

node attribute table (see Table A.2).  Values in this field are: Poly (where an adequate 

subcatchment is obtained from the original automated process and the verification checks 

passed), Mod Poly (where an adequate subcatchment is obtained via the operator-assisted 

adaptive process, and FF (where the search for an adequate subcatchment polygon fails 

despite attempts made through the adaptive process). 

 

Summary statistics presented in Table A.1 indicate that 3.6% of nodes failed to acquire a 

polygon.  Without the adaptive process, the figure would have been about 20%.  

 

2.4 Hydrological PCDs 
 

2.4.1 Introduction 
 

The formal requirement was to:  Undertake vector analysis to determine physical properties 

of the river and stream network, including: main-stream length, stream network length, main-

stream slope, stream frequency, and an index of arterial drainage extent, within each 

subcatchment for gauged and ungauged locations (nodes). 

 

In the context of this volume, hydrological PCDs are those deriving from the river network.  

The PCDs are introduced and their values illustrated for the FSU gauged catchments.  These 

histograms are shown in blue.  For selected PCDs, the distribution of values is also shown for 
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the ≈134,000 catchments for which the FSU supplies boundaries and PCDs.  These 

histograms are shown in red.  Box 2.4 provides a more detailed introduction to the histograms 

included in this volume to illustrate the values that the PCDs take.   

 

The comparison between blue and red histograms helps to assess the extent to which the 

sample of gauged catchments – on which FSU methods have been calibrated and/or tested – 

is representative of the overall set of ≈134,000 Irish catchments for which the FSU supports 

applications.  It should be remembered that catchments are inherently nested.  Thus, PCDs 

are supported for very many sites along (e.g.) the River Suir, with a catchment boundary 

defined and PCDs calculated to each such site.   

 

 

Box 2.4: How to read the histograms – an editorial note 

 
 

 

2.4.2 Network length (NETLEN) 
 

The descriptor NETLEN records the length in kilometres of the hydrological network above 

the gauge.  This is the aggregate length of the mapped river network above the node that 

represents the gauged site.  Where lakes occur along the hydrological network, the lengths of 

connector lines through the lake are included in the NETLEN calculation. 

 

Histograms 2.1a illustrates NETLEN values for the FSU dataset of 216 gauged catchments.  

Histograms 2.1b shows a version with the axis transformed to a logarithmic scale.  One 

gauged catchment is seen to have a very long river network.  This is Station 25017 Shannon 

at Banagher with a NETLEN of about 6429 km.  The shortest network length is 2.94 km for 

Station 25034 L. Ennell tributary at Rochfort.  

 

 

Each histogram illustrates the distribution of the sample values of a PCD.  So-called class 

intervals are chosen and the number or percentage of observations appearing in the 

interval is plotted on the vertical axis against the class interval of the PCD on the 

horizontal axis.  Most of the histograms appearing in this volume are percentages, and are 

therefore relative frequency diagrams.   

 

The blue histograms show the distribution of PCD values for the gauged catchments 

studied in the FSU.  The set typically comprises the 216 gauged catchments for which 

both flood peak data and PCDs were made available to the researchers. 

 

For some PCDs – most obviously catchment area (see Histograms 2.10) – the class 

intervals are chosen and plotted on a logarithmic rather than linear scale.  This provides 

even-handed emphasis to small and large values of the PCD. 

 

The red histograms show the distribution of values for the ≈134,000 catchments for which 

the FSU Web Portal supplies boundaries and PCDs. 

 

Histograms showing the number (rather than percentage) of cases are frequency diagrams.  

In the case of Histograms 2.6 and Histograms 2.15, the vertical axis of the frequency 

diagram is deliberately truncated.  This allows the reader to focus on those class intervals 

for which there are few (but nevertheless important) members.  
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Histograms 2.1: NETLEN 

 

70006000500040003000200010000

15

10

5

0

NETLEN  km

%

      

9.210346.907764.605172.302590.00000

15

10

5

0

NETLEN km

%

1               10             100            1000         10000

 
 

 

 

2.4.3 Stream frequency (STMFRQ) 
 

The descriptor STMFRQ records the number of segments in the river network above the 

gauge.  Users should note the important warning in Box 2.5.  The count of segments takes 

due account of confluences and lakes (see Section 2.2.3).   

 

When counting stream segments by counting junctions (i.e. confluences), one gets the correct 

count by placing an imaginary junction at the node defining the catchment outlet.  Implied 

junctions within lakes are also counted.   

 

Box 2.5: Scope to misconstrue STMFRQ values 

 
 

The distribution of STMFRQ values across the 216 gauged catchments is seen in Histogram 

2.2 to be strongly skewed.  [Editorial note:  This is because the FSU definition of STMFRQ 

is indexing catchment size as much as any stream property.  See Box 2.5.] 

 

 

Histogram 2.2: STMFRQ                   

Histogram 2.3: DRAIND 
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2.4.4 Drainage density (DRAIND) 
 

The descriptor DRAIND is the drainage density, calculated as DRAIND = NETLEN/AREA.  

This standardised variable takes units of km per km
2
, i.e. km

-1
.  The distribution of values 

across the 216 gauged catchments is seen in Histogram 2.3 to be relatively well behaved. 

 

Editorial note:  The FSU definition of STMFRQ differs from that used in the Flood 

Studies Report (NERC, 1975).  The FSR defined STMFRQ as a standardised stream 

frequency i.e. as a count of river segments or junctions per km
2
.  There is particular scope 

for confusion when dealing with small catchments (e.g. AREA < 10 km
2
) or when 

interpreting legacy calculations. 

 216 gauged catchments  

216 gauged catchments 

 

(a) 216 gauged catchments           (b) Redrawn with logarithmic scale 
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2.4.5 Main-stream length (MSL) 
 

The main-stream length (MSL) descriptor for each gauged location is determined by a 

stepwise process in an automated GIS routine.  The procedure is to: 

 

 Determine all stream segments upstream of the gauged site; 

 Analyse the downstream distance attributed to the stream segment at furthest network 

distance from the gauge, thereby determining the headwater stream that yields the 

longest stream length to the gauged site; 

 Record the headwater stream element code to the geo-database; 

 Create a collection of stream (and lake connector-line) elements that traverse the 

stream network from the headwater to the gauge; 

 Evaluate MSL as the sum of the lengths of the elements from the headwater element 

to the gauged site. 

 

MSL is recorded as a distance in kilometres.  Additionally, the MSL route to each gauge is 

recorded in the geo-database as a single composite GIS polyline that includes any relevant 

lake connector-lines.  The highlighted line in Map 2.3 marks the main stream as the 

combination of red and yellow sections.  The distribution of MSL values across the 216 

gauged catchments is seen in Histogram 2.4. 

 

[Editorial note:  The main stream defined here is the longest stream route to the gauged site.  

An alternate scheme would follow the stream path upstream from the gauged site and, at each 

bifurcation, choose the main stream as the branch that drains the larger subcatchment area.] 

 

 

 
Map 2.3: MSL and S1085 for Station 26001 

 

 

 

             Histogram 2.4: MSL 

250200150100500

15

10

5

0

MSL km

%

 
 

216 gauged catchments  



Volume IV                                                                                             Physical Catchment Descriptors 

    16 

2.4.6 Main-stream slope (S1085) 
 

The main-stream slope (S1085) is the slope of the main stream excluding the bottom 10% 

and top 15% of its length.  The definition follows the Flood Studies Report (NERC, 1975) in 

emulating a method devised by the US Geological Survey.  Exclusion of the terminal 

portions typically excludes the highest and lowest gradients.  S1085 takes units of m/km. 

 

The S1085 descriptor for each gauged location is determined by a stepwise process in an 

automated GIS routine: 

 

 Remove downstream-end 10% and upstream-end 15% (shown in red in Map 2.3 

above) from the MSL polyline to create a specific S1085 GIS polyline; 

 Query the OSi DEM to determine elevations at the upstream and downstream ends of 

the S1085 polyline; 

 Calculate elevation difference between the S1085 polyline end-points; 

 Determine S1085 slope as elevation_difference / S1085_length. 

 

Additionally, the S1085 route to each gauge is recorded in the geo-database as a single 

composite GIS polyline that includes any relevant lake connector-lines. 

 

Adaptive process 

 

In a small number of locations, the upper or lower ends of the S1085 polyline may occur in 

null patches of the OSi DEM, i.e. sites lacking a valid elevation value.  In these instances, the 

S1085 polyline is followed upstream (from its downstream end) or downstream (from its 

upstream end) until a valid elevation value is recorded.  The S1085 slope is then calculated as 

the slope over this shorter distance. 

 

In any instance where the calculated value of the S1085 slope is less than 1:10,000 the value 

is recorded as 1:10,000, i.e. S1085 = 0.1 m/km. 

 

Distribution of values 

 

Noting the different scale of the horizontal axes, it is seen that the distribution of S1085 

values across all ≈134,000 FSU catchments (Histograms 2.5b) includes much steeper slopes 

than represented in the 216 gauged catchments (Histograms 2.5a).  The truncated frequency 

diagrams in Histograms 2.6 highlight the class intervals with fewer than ten members.  A 

small number of catchments are seen in Histograms 2.6b to have S1085 values in excess of 

300 m/km, representing catchments with a very steep stream network. 

 

 

 Histograms 2.5: S1085 
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 (a) 216 gauged catchments        (b) ≈134,000 FSU catchments 
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 Histograms 2.6: Truncated frequency plots of S1085 
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2.4.7 Taylor-Schwartz slope (TAYSLO)  
 

An alternative main-stream slope was calculated according to Taylor and Schwartz (1952).  

The method divides the MSL main-stream route into a series of discrete elements of 500-

metre lengths, for each of which the gradient is determined by reference to the OSi DEM.  A 

residual section at the downstream end that is shorter than 500 metres normally occurs and is 

included in the set of slope calculations. 

 

The Taylor-Schwartz slope, TAYSLO, is evaluated as a specially weighted average of the 

individual slopes, Si, over the N discrete elements.  The relevant formula is: 

 

 

 

 2.1 

 

The set of TAYSLO 500-metre elements to each gauged or ungauged node is also recorded in 

the geo-database as a set of individual GIS polylines.  

 

Adaptive process 

 

In a small number of locations, the upper or lower end of a TAYSLO 500-metre element 

occurs in a null patch of the OSi DEM.  The following rule-base was implemented: 

 

 From the downstream end in the tidal zone, where OSi DEM elevation values are not 

available, 500-metre elements are assigned a slope of 1:10,000 until valid values are 

found.  This is based on the assumption that slopes are likely to be low. 

 From the upstream end, where OSi DEM elevation values are not available, the 500-

metre elements are removed from the TAYSLO calculation until valid values are 

found. 

 Where gaps occur in the OSi DEM data along the sequence of 500-metre elements, an 

interpolation is applied that assigns a slope value based on the last known downstream 

and upstream values. 

 

Minimum slope and compensation 

 

In a secondary stage, irrespective of whether the slopes of the 500-metre elements are directly 

derived from the OSi DEM or by interpolation, a minimum slope algorithm is applied and a 

compensation effect applied by working upstream from the node: 

 

 (a) 216 gauged catchments  (b) ≈134,000 
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 Where the downstream slope of a 500-metre element is less than 1:10,000 or negative 

(i.e. rising in the downstream direction) the elevation at the upper end of the element 

is lifted to provide a slope of 1:10,000.  

 Subsequently, the amount of lifting is added to the OSi DEM elevation at the bottom 

of the next upstream section and a modified slope calculated for that element.  

 If the element slope, from direct OSi elevations or as a consequence of compensation 

lifting, is less than 1:10,000, the lifting mechanism is again applied.  

 This process of minimum slope assignment and compensation lifting is performed in a 

stepwise manner up the main stream, through to the upper end of the TAYSLO 500-

metre sequence.  

 The modified slope values (for the sequence of 500-metre elements) are used to 

determine the TAYSLO descriptor for the node, with units of m/km.  

 

The distribution of TAYSLO values across the 216 gauged catchments is illustrated in 

Histogram 2.7. 

 

                    Histogram 2.7: TAYSLO 
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2.4.8 Indices of arterial drainage (ARTDRAIN2 and ARTDRAIN) 
 

Two indices of arterial drainage are recorded for each gauge location: 

 

 The proportion of the catchment area mapped as benefiting from arterial drainage 

(ARTDRAIN); 

 The proportion of river network length included in Arterial Drainage Schemes 

(ARTDRAIN2). 

 

The source dataset for ARTDRAIN is a GIS polygon dataset benefit_scheme_v1 provided by 

OPW.  This marks areas considered as benefiting from completed Drainage Schemes.  

[Editorial note: The original dataset categorised lands into a series of types, some of which 

were excluded from the analysis after consultation with OPW.] 

 

ARTDRAIN is defined as the proportion of the catchment area that is categorised as 

Benefiting Lands. The actual area of such land (in m
2
) is recorded separately in the geo-

database field ARTDR_AR. 

 

The source dataset for ARTDRAIN2 is the GIS polyline dataset channels_scheme_v1 

provided by OPW.  The polylines mark channels in Drainage Schemes completed before 

about 2007.  The dataset is derived from more detailed mapping than the 1:50,000 scale blue-

line river network used in the main PCD work.  It exhibits more detail in the planform of the 

river elements and includes channels not present in the national river dataset.  Some special 

work was therefore undertaken to reduce the total recorded length of arterial drainage to the 

EPA blue-line river network being used in the FSU. 

 

216 gauged catchments  
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ARTDRAIN2 is defined as the proportion of the catchment river network included in the 

Drainage Schemes.  The actual length of such work (in km) is recorded separately in the geo-

database field ARTDR_LEN. 

 

Judging by the wider range of values spanned in Histogram 2.9 than in Histogram 2.8, it 

might be anticipated that ARTDRAIN2 is the more discriminating index.   

 

Histogram 2.8: ARTDRAIN 

                    Histogram 2.9 : ARTDRAIN2         
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2.5 GIS data tables 
 

Appendix B provides a sample data table for the hydrological PCDs.  Examples of data tables 

for the spatial PCDs (introduced in the sections that follow) are given in Appendix C.  

  

2.6 Spatial PCDs 
 

2.6.1 Introduction 
 

The spatial PCDs exploit various national datasets that are not explicitly configured relative 

to drainage networks.  Typically, the spatial PCDs summarise catchment-average properties 

of thematic attributes (e.g. soil types) or variables (e.g. average annual rainfall) deemed 

pertinent to the FSU objective of estimating flood effects.  They also include analysis of the 

catchment areas themselves to determine attributes of AREA, centroid location (CENTE, 

CENTN) and mean elevation (ALTBAR). 

 

A general requirement is to overlay the catchment boundary (from Section 2.3) on a thematic 

map or GIS layer and to extract only that portion that lies within the catchment (see Box 2.6). 

 

Box 2.6: Clipping 

 
 

The spatial PCDs based chiefly on topographic maps are defined first.  Those based on land-

cover classifications are discussed in Section 2.7, while Section 2.8 introduces additional 

spatial PCDs representing soil, subsoil and aquifer types.  The special descriptors FAI, 

FLATWET and BFIsoil are presented in Chapters 3, 4 and 5 respectively. 

 

In the language of Geographic Information Systems, the process of clipping is to overlay a 

polygon (e.g. representing a catchment boundary) on a target feature or layer (e.g. 

representing soil types) and to extract from the target feature only the area that lies within 

the imposed polygon.  All other area is discarded and the clipped data becomes a new 

feature.  This is analogous to a biscuit cutter being used to cut a specific area out of a layer 

to create something more bespoke. 

216 gauged catchments        216 gauged catchments 
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2.6.2 Catchment area (AREA) 
 

Whereas the catchment area to ungauged nodes is sourced from the work of Section 2.3, the 

catchment to each FSU river gauge is taken from catchment polygons to the gauge location 

directly supplied by OPW.  Some of these derive from digitisation of boundaries drawn on 

1:126,720 (½ʺ) scale maps.    

 

A logarithmic scale is used to illustrate the distribution of this PCD.  Values of AREA for the 

FSU dataset of 216 gauged catchments are shown in Histograms 2.10a.  Histograms 2.10b 

shows the distribution of AREA across all ≈134,000 FSU catchments.  The spike at the LH 

end arises because headwater nodes have been targeted to start at an AREA of about 1 km
2
, 

as described in Section 2.2.6. 

 

Histograms 2.10: AREA 
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2.6.3 Catchment centroid (CENTE, CENTN) 
 

The centroid coordinates CENTE and CENTN (recorded as Easting and Northing values in 

the Irish National Grid system) of the catchment is obtained by a GIS function that returns the 

centroid of the catchment polygon.  The values are in metres. 

 

 

2.6.4 Mean elevation (ALTBAR) 
 

The mean elevation of the catchment is calculated by reference to the national EPA DTM 

grid (Preston and Mills, 2002) using a Zonal Statistics function in the GIS.  In addition to the 

mean elevation (ALTBAR), the minimum, maximum and range of elevation values are 

provided in geo-database fields ALT_MIN, ALT_MAX and ALT_RANGE respectively.  Values 

are in m above mean sea level at Malin. 

 

 

2.6.5 Standard-period average annual rainfall (SAAR) 
 

The SAAR descriptor derives from a dataset provided by Met Éireann.  The version used in 

the FSU research is the long-term average annual rainfall for the standard period 1961-1990.   

 

The format of the data is a GIS raster grid dataset.  The SAAR value for the catchment is 

determined by utilisation of a Zonal Statistics function in the GIS.  From Histogram 2.11 it is 

seen that the wettest of the 216 gauged catchments studied in the FSU has a SAAR of just 

under 2500 mm.  This is Station 31072 Cong at Cong Weir. 

 

 

(a) 216 gauged catchments           (b) ≈134,000 FSU catchments 
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Histogram 2.11: SAAR   

                 Histogram 2.12: SAAPE 
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2.6.6 Standard-period average annual potential evapotranspiration (SAAPE) 
 

The SAAPE descriptor is derived from a dataset provided by Met Éireann of the long-term 

average annual potential evapotranspiration for the period from 1961-1990.  The format of 

the data is a GIS raster grid dataset.  The SAAPE value for catchment is determined using a 

Zonal Statistics function in the GIS.  From Histogram 2.12 it is seen that values of SAAPE 

across the 216 gauged catchments lie mainly between 450 and 550 mm.  

 

2.6.7 Flood attenuation by reservoirs and lakes (FARL) 
 

The FARL descriptor provides an index of the attenuating effect of reservoirs and lakes at the 

catchment scale (Scarrott et al., 1999).   

 

The method utilises three elements of information that are contained in the GIS: lake area, 

lake catchment area and the catchment area to the subject node (gauged or ungauged) on the 

river at which the index is being calculated.  Only lakes and reservoirs in the relevant 

catchment that are connected to the river network by mapped flow lines are included in the 

index.  Isolated lakes without mapped inflows and/or outflows are ignored. 

 

The principle of flood attenuation was illustrated in Figure 1.1.  The FARL descriptor 

represents the attenuating effect of a lake at the wider catchment scale by combining effects 

arising from the size of the lake in relation to its own catchment, and its position within the 

subject catchment.  Reservoirs are treated as lakes.  The method considers: 

 

 The local effect of the lake, indexed by: lake_surface_area / lake_catchment_area; 

 The relevance of the lake at the catchment scale, indexed by:  

lake_catchment_area / catchment_area. 

 

Each lake connected to the river network used in the FSU is considered to have an effect at 

the catchment scale.  The catchment descriptor FARL is calculated as the product of the 

FARL effects from each lake in turn. 

 

It should be noted that, for some lakes connected to the EPA blue-line river network, the lake 

catchment area is unknown because the 1 km
2
 threshold is not met (see Section 2.2).  In this 

case, a catchment area of 1 km
2
 is assumed. 

 

 

Calculation of FARL otherwise follows the procedure set down in Scarrott et al. (1999).  It is 

seen from Histograms 2.13 that most values are close to 1.0 which represents a catchment 

unaffected by lakes or reservoirs.  

 

216 gauged catchments 

216 gauged catchments 
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Histograms 2.13: FARL 
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2.7 Spatial PCDs based on land-cover classification 
 

2.7.1 Corine Land Cover 2000 
 

The FSU has used land-cover classifications from the Corine Land Cover update of 2000 

(CLC2000).  http://sia.eionet.europa.eu/CLC2000/countries/ie/full provides some further 

information.  As supplied to the project by the EPA, these are polygon datasets derived from 

the analysis and classification of satellite imagery supported by ancillary information.   

 

2.7.2 Urban extent (URBEXT) 
 

Land-cover classifications were critical to representing the typically pronounced effect of 

urbanisation on catchment behaviour (see Volume II Section 2.5 in particular).  The 

descriptor URBEXT is taken as the proportion of the catchment with land cover in one of the 

six types listed in Table 2.1. 

 

Table 2.1: CLC2000 categories deemed as urban 

CLC2000 code Description 

111 Continuous urban fabric 

112 Discontinuous urban fabric 

121 Industrial and commercial units 

122 Road and rail networks 

123 Sea ports 

124 Airports 

 

Comparing the blue and red in Histograms 2.14, the 216 FSU gauged catchments appear to 

represent urbanised catchments in Ireland reasonably well.   

 

[Editorial note: Some very heavily urbanised catchments are encountered in major 

conurbations.  The truncated frequency diagrams in Histograms 2.15 reveal those class 

intervals with fewer than ten members.  Ninety-five of the ≈134,000 catchments for which 

the FSU supplies PCDs have URBEXT > 0.60.  Two of these are in Sligo, two in Arklow, 

three in Wexford, five in Cork and five in Limerick.  The remaining 78 are in the Dublin 

area.  One of these corresponds to Station 09011 Slang at Frankfort, for which 

URBEXT = 0.683.  It is commendable that such a very heavily urbanised catchment was 

included in the FSU dataset and played a role in derivation of an urban adjustment to the 

index flood (QMED) in Section 2.5 of Volume II.] 

 

 

(a) 216 gauged catchments        (b) ≈134,000 FSU catchments 

http://sia.eionet.europa.eu/CLC2000/countries/ie/full
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Histograms 2.14: URBEXT 
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Histograms 2.15: Truncated frequency plots of URBEXT 
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2.7.3 Proportion of forest cover (FOREST) 
 

The proportion of forest cover has been determined by analysis of three separate datasets: 

 

 Coillte forestry database; 

 Corine Land Cover 2000 classification; 

 Forest Inventory and Planning System (e.g. Loftus et al., 2002). 

 

Spatial overlap occurs between these data sources.  A single composite dataset has been 

developed to determine the descriptor FOREST, which denotes the proportion of forest cover 

across the catchment.  The CLC2000 classes included in FOREST are listed in Table 2.2. 

 

Table 2.2: CLC2000 categories deemed as forest 

CLC2000 code Description 

311 Broadleaved forests 

312 Coniferous forests 

313 Mixed forests 

 

 

Histograms 2.16: FOREST 
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(a) 216 gauged catchments        (b) ≈134,000 FSU catchments 

(a) 216 gauged catchments        (b) ≈134,000 FSU catchments 

(a) 216 gauged catchments            (b) ≈134,000 FSU catchments 
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2.7.4 Proportion of peat cover (PEAT) 
 

Peat cover is taken from CLC2000 Code 412 Peat bogs.  Within this class, sub-classes 

distinguish between Raised and Blanket bogs, and between Exploited and Intact bogs.  PEAT 

is taken as the proportion of the catchment area assigned to Code 412. 

 

          Histogram 2.17: PEAT 
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2.7.5 Proportion of grassland/pasture/agriculture (PASTURE) 
 

The PASTURE descriptor is taken as the proportion of the catchment with land cover in one 

of the four classes listed in Table 2.3.  Note that this is more extensive than just the CLC2000 

pasture category. 

 

Table 2.3: CLC2000 categories grouped under shorthand of “pasture” 

CLC2000 code Description 

211 Non-irrigated arable land 

231 Pasture 

242 Complex cultivation patterns 

243 
Land principally occupied by agriculture 

with significant areas of natural vegetation 

 

 

2.7.6 Proportion of extent of floodplain alluvial deposit (ALLUV) 
 

The proportion of floodplain alluvial extent has been determined by reference to a national 

dataset of soil Parent Materials developed by Teagasc and EPA as a component dataset of the 

national Indicative Forestry Strategy project.  The descriptor ALLUV is based on the 

distribution of the single Parent Material class Alluvium.   The index is taken as the relevant 

proportion of the catchment area. 

 

Histograms 2.18: ALLUV 
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216 gauged catchments  

(a) 216 gauged catchments            (b) ≈134,000 FSU catchments 
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2.8 Spatial PCDs representing soil, subsoil and aquifer types 
 

2.8.1 Introduction 
 

Creation of a set of hydrological soil types built on existing geological and soil mapping.  

These are maps of:  

 

 Soil types (Teagasc); 

 Subsoil vulnerability/permeability (GSI); 

 Aquifer types (GSI). 

 

There are 27 soil types, five subsoil types, and ten aquifer types in the systems used.  The soil 

mapping system was prepared by Teagasc.  The subsoil and aquifer types were determined 

and mapped in groundwater protection plans by GSI. 

 

Before the geological and soil datasets could be used for modelling BFI (see Chapter 5), they 

were grouped into hydrologically-similar classes.  This task was undertaken jointly by the 

EPA, ESBI, Teagasc and GSI, in support of the Water Framework Directive groundwater-

surface water interaction project.  An expert team was formed to reduce the number of types 

of soil, subsoil and aquifers into a more manageable number of drainage pattern groups.  

 

2.8.2 Soil drainage groups 
 

The six soil drainage groups are listed in Table 2.4 and shown in Map 2.4. 

 

Table 2.4: Hydrological groupings of the soil classes 

Soil drainage group # soil sub-classes Code 

Poorly drained 13 PD 

Well drained   7 WD 

Peat   4 PEAT 

Alluvium   1 ALLUV 

Made ground   1 MADE 

Water   1 WATER 

Total: 27  

 

The soil drainage group Made ground refers primarily to urban areas and landfill.  Water 

relates to surface coverage by water-bodies such as lakes. 

 

2.8.3 Subsoil permeability groups 
 

Subsoil permeability has been classified by the GSI using a methodology in part based on the 

engineering code contained in BS5930 (BSI, 1999; Swartz et al., 2003).  The GSI 

Vulnerability Mapping Guidelines (Fitzsimons et al., 2003) outlines the approach taken to 

mapping subsoil permeability, which involves:  
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 Field description/classification/analysis of texture; 

 Sampling and detailed grain-size analysis; 

 Examination of soil type, particularly presence/absence of mottling; 

 Presence of “wet”/“dry” vegetation indicators; 

 Data on artificial and natural drainage density; 

 Parent bedrock characteristics; 

 Topographic data. 

 

The five subsoil permeability groups are listed in Table 2.5. 

 

Table 2.5: Subsoil permeability groups 

Subsoil permeability group Code 

High permeability H 

Moderate permeability M 

Moderate to low permeability ML 

Low permeability L 

Not available (unclassified) NA 

 

 

 
Map 2.4: Soil drainage groups for hydrological application 
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2.8.4 Aquifer groups 
 

The aquifer map of Ireland is produced by GSI.  It has been used in a range of applications 

including the development of groundwater protection schemes and groundwater 

characterisation in support of the Water Framework Directive. The aquifer map is based on 

the hydrogeological characteristics of the principal rock formations in Ireland with the 

addition of principal overlying sands and gravels.  

 

The aquifer classification recognises 11 types (see LH column of Table 2.6).  These have 

been merged (by GSI, EPA and Teagasc) into six aquifer groups for catchment hydrological 

analysis (see RH column).  Five of these are bedrock groups.  The sixth is sands and gravels. 

The distribution of aquifer groups is shown in Map 2.5. 

 

 

 

Table 2.6: Aquifer groups 

Aquifer type 
Aquifer type 

code 

Aquifer group 

code 

Regionally important aquifer – karstified and 

dominated by conduit flow 
Rkc 

Rkc/Rk 

 
Regionally important aquifer – karstified Rk 

Regionally important aquifer – karstified and 

dominated by diffuse flow 
Rkd 

Rkd/Lk 

 
Locally important aquifer – karstified Lk 

Locally important aquifer – generally moderately 

productive 
Lm 

Lm/Rf 

 
Regionally important aquifer – fissured bedrock  Rf 

Locally important aquifer – bedrock moderately 

productive only in local zones 
Ll Ll 

Poor aquifer – bedrock generally unproductive Pu 
Pu/Pl 

 Poor aquifer – bedrock generally unproductive 

except for local zones 
Pl 

Locally important aquifer – sands/gravels Lg 
Lg/Rg 

 
Regionally important aquifer – sands/gravels Rg 
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Map 2.5: Aquifer groups for hydrological application  

Key 
 

  Rkd/Lk 

  Ll 

  Lm/Rf 

  Pu/Pl 

  Rkc/Rk 

  Lg/Rg 



Volume IV                                                                                             Physical Catchment Descriptors 

    29 

3 Flood attenuation index, FAI 
 

 

3.1 Overview 
 

The background to the flood attenuation index, FAI, is rather singular.  The main motivation 

for this element of work was to develop an indicative flood map for Preliminary Flood Risk 

Assessment.  This formed the first phase of the Catchment Flood Risk Assessment and 

Management (CFRAM) programme to meet national policy objectives in addition to the EU 

Flood Directive. 

 

This element of the FSU work developed a map of the extent of flood inundation under 

certain nominal conditions.  The condition applied is a flood depth of 1m above bank level.  

Determining relevant land levels with sufficient accuracy proved a particular challenge. 

 

The flood attenuation index (FAI) is simply taken as the proportion of the catchment area 

marked as lying within the indicative map of flood extent.  Results are summarised in 

Histograms 3.1. 

 

Histograms 3.1: FAI 
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Only a summary of the flood-mapping work is provided here.  The work was intricate and 

contributed to the main PCD development of Chapter 2.  One instance is the relevance of 

improved channel elevation mapping (described below in Section 3.4) to derivation of the 

stream-slope indices S1085 (Section 2.4.6) and TAYSLO (Section 2.4.7). 

 

 

3.2 Enhancement of FSU node network 
 

To improve the accuracy of the FAI polygons that would be determined subsequently, the 

network of nodes was enhanced by the placement of intermediate nodes at 100-metre 

intervals along the river network, i.e. between the nodes at 500-metre intervals that comprise 

the formal node network (see Sections 2.2.6 and 2.2.7).  Map 3.1 illustrates this 

intensification of the node network.   Some 290,000 intermediate nodes (additional to the 

basic network of ≈139,000 nodes) were developed to assist the FAI polygon delineations. 

 

The method applied uses a hierarchical convention that relates each node on a river segment 

to the parent river segment code, and sequentially labels each node using a numerical suffix 

that increases in the downstream direction.  In similar fashion, the intermediate nodes are 

labelled by reference to their parent node and by a further numerical suffix that also increases 

in the downstream direction. 

(a) 216 gauged catchments            (b) ≈134,000 FSU catchments 
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Map 3.1: Addition of intermediate nodes (shown in purple) 

 

3.3 OSi Digital Elevation Model (OSi DEM) 
 

Floodplain and bank level elevations in the project are determined from the Ordnance Survey 

Ireland (OSi) 10-metre spatial resolution Digital Elevation Model.  Hereafter, this is 

abbreviated to OSi DEM or just DEM.  These data were initially obtained from OSi as a 

series of ASCII format raster files each 20 x 20 km in extent, and required processing to 

derive suitable files for the elevation analysis needed to map the FAI polygons. 

 

In the initial stage, the source data were converted to a series of GIS point files with a 

10-metre spatial interval and a tile extent of 20 x 20 km.  In the second stage, a DEM was 

developed for each of the 20 x 20 km tiles from the point data.  Subsequently, the DEM tiles 

required to cover the extent of each Hydrometric Area were identified and merged to provide 

integrated Hydrometric Area DEM datasets. 

 

3.4 Node elevations 
 

The river-bank elevation at each (FSU and intermediate) node is obtained through a 3-stage 

process.  One metre above this level is later taken (see Sections 3.5 and 3.6) as the nominal 

level at which to map flood extent: both for indicating flood extent and for the purpose of 

characterising behaviour in the flood attenuation index, FAI. 

 

3.4.1 Node site elevation 
 

In the first stage, the elevation value of the OSi DEM grid cell on which the node occurs is 

obtained and recorded as field OSi_elev in the node attribute table (see Table A.2).  

 

3.4.2 Median elevation in sampling window about node 
 

In discussion with OPW it became clear that the OSi value was not a sufficiently reliable 

measure of elevation due to potential misalignments between the 1:50,000 scale river 
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network (along which nodes are placed) and the 10-metre gridded OSi DEM.  It was 

therefore decided that a median value, based on the elevations of a series of the DEM grid 

cells adjacent to the node, would be recorded. 

 

The adapted method uses an elevation sampling window of a size allocated according to the 

Strahler stream order (see Box 2.2): 

 

 Strahler Order 1-3 30 x 30 metres (3 x 3 grid cell array) 

 Strahler Order 4-5 50 x 50 metres (5 x 5 grid cell array) 

 Strahler Order >5 70 x 70 metres (7 x 7 grid cell array) 

 

The median value of the elevations within the sampling window is recorded as field med_elev 

in the node attribute table (see Table A.2).  This is taken as the nominal bank level in the 

derivation of the polygons required to define the flood attenuation indicator, FAI (see 

Sections 3.6 and 3.7).  

 

The square footprints in Map 3.2 provide an example of the elevation sampling windows.   

 

 
Map 3.2: OSi footprints for nodes along rivers 

 

3.4.3 Elevation anomalies 
 

The levels used to delineate the FAI polygon assume an inundation level that is one metre 

above the local bank level.  Determination of bank elevations is therefore critical to 

successful mapping of the flood extent (i.e. areal coverage). 

 

Intuitively, one expects bank elevations to decrease in the downstream direction.  However, 

limitations in the OSi DEM can lead to apparent localised decreases in the upstream 

direction.  Also, the elevation of the typical bank level may in reality spike locally, e.g. due to 

the presence of a structure, levee, confluence or other feature.   

 

Map 3.3 illustrates the non-triviality of these anomalies.  The numbers shown are successive 

differences in elevation (in metres) between typical bank levels when progressing in an 

upstream direction.  A negative value indicates that the typical bank level assigned to the next 

upstream node is lower than that at the current node. 

 

A special adjustment scheme was devised to address these difficulties. 

Strahler Order 1-3 

Strahler Order 1-3 

Strahler 

Order 4-5 
Strahler Order >5 
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Map 3.3: Elevation anomalies found locally (see text) 

 

3.4.4 Backwatering to resolve/reduce the anomalies 
 

The term backwatering is used to label an adjustment made working up the river system i.e. 

from downstream site to upstream site.  [Editorial note:  The usage is informal; no hydraulic 

calculation is made.]  In discussion with OPW it was agreed to derive a further estimate of 

elevation at each node, on the basis of a potential backwatering or false topographic effect.  

The adjustment – which yields a backwatered elevation – is applied by sequential analysis of 

the river network from the river system outlet (i.e. the tidal boundary) back up through each 

tributary to the most upstream (1 km
2
 threshold) nodes.  

 

At the tidal boundary, the median elevation value of the downstream node (see Section 3.4.2) 

sets the initial value for the backwatered elevation.  Sequentially, the median elevation value 

of the next node (or nodes if a tributary branching is encountered) is compared to the 

backwatered elevation of the downstream node and the following rule-base implemented: 

 

 Where the median elevation of the relevant node/nodes is greater than the downstream 

node backwatered elevation, the backwatered value for the relevant nodes is set equal 

to the median elevation.  

 Where the downstream backwatered elevation is greater than the node’s/nodes’ 

median elevation, the backwatered elevation for the node/nodes is set equal to the 

downstream node backwatered elevation, except: 

 Where the downstream backwatered node elevation exceeds the node median 

elevation by more than a metre, the backwatered elevation for the node is capped at 

(i.e. restricted to being no higher than) the node median elevation plus one metre. 

 

In summary, the backwatering analysis allows the node median elevation to be increased by 

up to one metre, thereby ensuring that there is no elevation decrease recorded in an upstream 

direction (except in those extreme cases where the downstream median elevation is more than 

1m above the upstream median elevation).  The method helps to moderate the impact of 

inherent inaccuracies associated with elevation values recorded in the OSi DEM. 

 

Because the detection of a potential backwater effect is based solely on analysis of the OSi 

DEM using a median estimate of elevations adjacent to each node, it is possible that artefacts 

or errors in the DEM could indicate a false backwatering.  Such artefacts or falsely increased 

estimates of river channel elevation can occur in particular in the vicinity of engineered 

structures (e.g. bridges) or where natural rock structures occur adjacent to the channel. 
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The backwatered node elevations are recorded as field back_elev in the node attribute table 

(see Table A.2).  As an example of the scale of adjustment made, a river node with an 

ascribed OSi DEM elevation of 12.649m AOD was raised to 12.745m by use of the median 

elevation in the sampling window, and then to 13.523m by the backwatering adjustment. 

 

3.5 Cross-section lines 
 

Cross-section lines (e.g. Map 3.4) are located at each FSU (500-metre) node and intermediate 

(100-metre) node.  These extend on to the floodplain and comprise a separate LH and RH 

element.  The maximum length of each element in the pair is 5 km giving a maximum cross-

section width of 10 km.  

 

 
Map 3.4: Cross-section lines at (FSU and intermediate) nodes 

 

The orientation of the cross-section for each node is set in a two-stage process.  In the first 

stage, a primary orientation vector is developed as a straight-line representation of the river 

segment.  [Editorial note:  River segments are GIS polylines defined between river 

confluences, and are of variable length.  One such segment is highlighted in Map 3.4.]   

 

To accommodate meanders or other local deviations in direction along the river segment, a 

“flexing” modification is introduced in a second stage.  The flexing modification is specific 

to each FSU node (i.e. spaced at 500-metre intervals along the river segment).  This is based 

on the orientation of a shorter secondary line drawn between points along the river channel 

adjacent to the node.  

 

These local secondary lines (not illustrated) are adapted in length to the Strahler stream order: 

   

 Strahler Order 1-2: Secondary line length = 100 m 

 Strahler Order 3-4: Secondary line length = 300 m 

 Strahler Order 5-6: Secondary line length = 600 m 

 Strahler Order >6: Secondary line length = 800 m 

 

Thus, a more intricate (piecewise linear) representation is permitted on small streams, with 

greater deviation from the primary orientation vector (fixed by the river segment as a whole).  

 

Cross-section lines are placed orthogonal to the direction of the secondary lines.  The overall 

objective is to place cross-sections on the floodplain in a direction that is orthogonal to the 

orientation of the stream and to anticipate that floodplains associated with small streams are 

Example of 

a river segment 
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likely to be narrow.  The mapped length of an individual river segment can sometimes be 

shorter than the piecewise linear representation by the secondary lines.  In such cases, the 

primary orientation vector is used to determine the cross-section orientation. 

 

At a river confluence, the data model contains three nodes: the end points of the two 

upstream branches and the start node of the downstream element.  Each of these nodes has an 

associated cross-section.  The orientation of each of these cross-section lines can be different 

dependent on the direction of the primary or secondary orientation vectors.  

 

Analysis of elevation along the cross-section lines is subsequently used to determine the 

shape and width of the Flood Attenuation Index (FAI) polygon.  Therefore the relevant 

database table includes the elevation values associated with the parent nodes (median 

elevation values of the nodes, as described in Section 3.4.2) to facilitate the analysis. 

 

The FAI polygon also incorporates a zone around lakes.  Radial lines rather than cross-

section lines are placed around the shore of the lake to facilitate the development of the FAI.  

Radial lines are placed along the shoreline at an interval of 100 metres.  A minimum of four 

radial lines are placed around each lake.  Thus, where a lake shoreline length is less than 

400 metres, the interval between the radial lines is less than 100 metres.   

 

 

 

3.6 FAI polygons (individual river segments and lakes) 
 

 

3.6.1 Overview of method 
 

The map on which the flood attenuation index (FAI) is based is developed from topographic 

analysis of the floodplain adjacent to each river segment.  Specifically the topographic 

analysis is carried out at each node and intermediate node placed along the river segment.  

Floodplain elevation is recorded from the OSi 10-metre DEM (as described in Section 3.4).  

 

As outlined above, each (FSU and intermediate) node is assigned both median elevations and 

backwatered elevations.  In addition, each node is associated with a pair of cross-section 

limbs placed across the adjacent floodplain whose orientation is adapted to that of the local 

reach of the river channel. 

 

The FAI polygon developed is based on an assumed depth of one metre above the nominal 

bank level.  This bank level has been derived from the median elevation analysis at the nodes 

(see Section 3.4.2).   

 

A multi-stage process was employed to develop the FAI polygon for each river segment or 

lake.  In synoptic form, this involved three tasks: 

 

 Cross-sectional DEM analysis to determine the lateral positions (on LH and RH) 

corresponding to a 1m level above bank; 

 Creation of FAI polygons based on limits along each associated cross-section line; 

 Post-processing of individual FAI polygons to address certain artefacts or errors.    
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3.6.2 Cross-sectional analysis 
 

The 1m elevation gain limit on the LH bank is the lateral position (i.e. a grid position) to 

which flooding would extend should the water level be one metre above bank level.  The 

procedure to determine these limits is as follows: 

 

 Points are placed at 10-metre interval along the cross-section line associated with each 

(FSU and intermediate) node. 

 Based on the backwatered elevations for each node, DEM analysis is performed at 

10-metre intervals along the LH limb of the cross-section to identify the position of 

the 1m elevation gain limit on the LH bank. 

 This is repeated for the RH limb of the cross-section to identify the position of the 1m 

elevation gain limit on the RH bank. 

 In instances where the 1m elevation gain is not achieved within 5 km along the cross-

section limb, a notional FAI polygon point is placed at the end of the cross-section 

limb (i.e. at 5 km extent). 

 In the uncommon instance where a null patch is encountered in the OSi DEM along a 

cross-section limb before the 1m elevation gain can be attained, a notional FAI 

polygon limit point is placed at a distance equal to that for the relevant limb of the last 

(valid) cross-section prior to the null patch. 

 The FAI cross-section line 1m elevation gain limit points for each bank are recorded 

to a point feature class (xsect_ends_xx.shp – where xx = Hydrometric Area code). 

 Lakes obtain their backwatered elevation from the river node at the start of the outlet 

river. 

 

The rule-base used for floodplain elevation analysis around a lake is the same as for a river, 

except that the method employs radial lines rather than cross-sections.  The nominal bank 

level of the lake is taken to be the level recorded at the lake outflow node. 

 

 

3.6.3 FAI polygon creation 
 

An initial FAI polygon was developed – for each river segment and lake – by threading 

together a line that connects the 1m elevation gain limit points identified along each 

associated cross-section limb.  This outline was converted to polygon format. 

 

 

3.6.4 Post-processing 
 

In planform, the shape of the FAI polygon based on the DEM analysis of the individual 

cross-section lines often exhibits spikes.  These arise where the length along a cross-section 

limb to obtain a 1m elevation gain is significantly greater than the length of the limb derived 

for a neighbouring (upstream or downstream) node.  Whereas this effect can arise from real 

differences in floodplain topography, it can also be an effect propagating from the inherent 

uncertainty associated with OSi DEM heights (considered to be in the region of ± 3 metres).  

In discussion with OPW it was agreed that a degree of “spike-shortening” would be 

performed to reduce some of the irregularity in the FAI polygon.  The rule-base for spike 

reduction was: 
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 A spike is defined where the distance to the 1m elevation gain limit exceeds 150% of 

the mean of the distances for the corresponding limb at neighbouring cross-sections.  

In these instances, the spike is reduced to the test value, i.e. to 150% of the mean of 

the distances for the corresponding limb at neighbouring cross-sections, except: 

 If the distance along the cross-section to attain a 1m elevation is less than 100 metres, 

no reduction is made. 

 Where two or more adjacent cross-section limbs exhibit an extended 1m elevation 

gain distance, this is not treated as a spike.   

 

The raw FAI polygons for a particular river segment can, on occasion, extend on to and 

beyond a neighbouring river branch.  This infers that the interfluve between adjacent rivers 

does not exceed one metre in height according to the OSi DEM.  It was agreed with OPW 

that the extent of the FAI polygon for a particular river segment should be limited to the edge 

of the neighbouring river segment.  This rule, however, can only be readily implemented 

where overlay of the raw FAI polygon by the neighbouring river segment completely divides 

or cuts the FAI polygon. 

 

 
Map 3.5: Example of FAI polygon 

 

3.7 FAI polygons (river systems) 
 

Each river segment or lake assessed in the development of an individual FAI polygon is 

associated with a particular river system.  A river system is defined as a series of river 

segments and associated lakes that has a discrete outlet at the tidal boundary.  For the FSU, 

river systems with a minimum catchment area of 1 km
2
 contain nodes and FAI polygons. 

Many of the river systems are large and are named on OSi maps.  However, many others are 

small and unnamed on maps.  

 

Irrespective of whether the river system is large or small, all river segments and lakes within 

the system are encoded with a unique catchment code.  This code is identical to the river 

segment code of the most downstream river segment at the tidal boundary. 

 

At the individual river segment or lake level, the FAI polygon associated with each feature 

can have a partial overlap with neighbouring FAI polygons.  This overlap is removed once an 

integrated (river system) FAI polygon is created. 
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3.8 Calculating the value of FAI 
 

The flood attenuation index FAI is determined as the proportion of the catchment covered by 

FAI polygons. The values were illustrated earlier in Histograms 3.1. 

 

  



Volume IV                                                                                             Physical Catchment Descriptors 

    38 

4 FLATWET  
 

 

4.1 Introduction 
 

FLATWET is the proportion of time for which soils can be expected to be typically quite 

wet.  It is an empirical descriptor of climate to be used alongside other indices.  The index is 

not intended as a free-standing descriptor of typical soil wetness.   

 

FLATWET derives from soil moisture deficit (SMD) estimates at 14 premier climatological 

stations.  The index is evaluated from 26 years of data (1981 to 2006).  A spatial interpolation 

was devised to map the index across Ireland, so that a value of FLATWET can be inferred for 

any catchment. 

 

Meteorological agencies produce standard estimates of SMD based on climate data.  Heavy 

rainfall that occurs when SMD is close to zero tends to produce significant flood runoff.  This 

is less often the case when heavy rainfall occurs when a marked soil moisture deficit persists.  

SMD is measured as mm of rainfall deficit, i.e. the depth of rain required to bring soil 

moisture to a saturated condition.   

 

The motivation for the descriptor was explained in Section 1.6.2.   It should be seen as 

nothing more than an auxiliary index of climate that may prove useful when generalising 

methods of flood estimation.  Interpolation of the descriptor across Ireland makes some 

allowance for location but none for soils, terrain or land cover.  The downbeat name 

FLATWET is chosen to reflect this. 

 

 

4.2 Soil moisture deficit (SMD) data 
 

4.2.1 Met Éireann hybrid model 
 

FLATWET is defined from Met Éireann estimates of soil moisture deficit (SMD).  These are 

based on the so-called hybrid model, detailed in Appendix D.   Changes in soil moisture are 

modelled by a daily water-balance calculation.   Soil moisture is increased by rainfall and 

reduced by drainage and evapotranspiration.    

 

Rainfall is taken as measured precipitation.  Evapotranspiration is estimated by sub-models   

based on measurements of climate variables such as temperature and wind-speed.   

 

Calculations are sequential; the estimated SMD at the end of one day becomes the starting 

value on the next day.  Figure 4.1 shows SMD estimates for 2003 at Shannon Airport.  SMD 

increases in periods of dry weather.  The series of deficits is finally broken by a wet spell of 

weather sufficiently prolonged or intense to return soils to saturation (i.e. zero deficit).  In 

Irish conditions at least, SMD traces tend to have a saw-tooth appearance: with steady 

increases punctuated by sharp declines (see Figure 4.1).   
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Figure 4.1: Daily SMD estimates for Shannon Airport, 2003 

 

These SMD estimates are based on modelling fed by climate data.  No use is made of in situ 

measurements of soil moisture.   

 

Different series of SMD estimates arise from the particular assumption made about how the 

soil drains.  The Met Éireann hybrid model distinguishes three classes of soil drainage.  The 

work reported here is based on SMD estimates for well drained (WD) soils.  Variants apply 

to moderately drained (MD) and poorly drained (PD) soils (see Appendix D).   

 

4.2.2 Climate station network 
 

The estimation of SMD requires long unbroken records of climate variables, including 

precipitation, wind speed, temperatures and humidity.  The research focused on 14 premier 

sites for which full climate data are available (see Table 4.1) and for which Met Éireann 

provided SMD series of high quality and continuity.  

 

Table 4.1 provides some general information about the network, including the formal names 

of the 14 stations.  Hereafter, the abbreviated names of Map 4.1 are chiefly used.   

 

4.2.3 Treating data by calendar year 
 

The calendar year is appropriate for studying SMD because soil moisture is typically close to 

saturation on 1 January.  Use of the water-year would be less appropriate because significant 

SMDs occasionally persist beyond 1 October, as at Shannon Airport in 2003 (Map 4.1).   

 

4.2.4 Periods of record 
 

The FLATWET research was undertaken in May 2007.  Met Éireann supplied daily SMD 

estimates from December 1980 to March 2007, allowing the study to be based on the 26 

calendar years 1981-2006.  Claremorris and Connaught Airport data do not span the whole 

period.  Claremorris runs until 31 March 1996, with Connaught (aka Knock) Airport 

commencing 3 August 1996.  The sites are too far apart and at too different an altitude for 

their records to be merged.   
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Additionally, the SMD estimates for Rosslare lack data for 1997-1999.  The 3-year gap 

reflects Met Éireann concerns about the quality of wind-speed measurements in this period. 

 

Table 4.1: Climate stations used in preparation of FLATWET 

# Station name County Easting Northing 
Height 

mAOD 
Opened 

Hydrom 

Area 

  305 Valentia Observatory Kerry   45700   78800   11 1 Jan 1866   5 

  518 Shannon Airport Clare 137900 160300     6 1 Jan 1937 18 

  532 Dublin Airport Dublin 316900 243400   71 1 Sep 1939 32 

  545 Malin Head Donegal 241900 458600   22 1 Jan 1957 45 

1034 Belmullet Mayo   69100 332900   11 16 Sep 1956 34 

2437 Clones Monaghan 250000 326300   89 1 Jan 1950 37 

2615 Rosslare Wexford 313700 112200   26 30 Nov 1956 15 

2727 Claremorris Mayo 134500 273900   71 9 Nov 1943 27 

2922 Mullingar II Westmeath 242300 254300 104 7 Nov 1973 22 

3613 Kilkenny Kilkenny 249400 157400   66 1 Jun 1957 13 

3723 Casement Aerodrome Dublin 304100 229500   94 1 Jun 1944 23 

3904 Cork Airport Cork 166500   66200 154 31 Dec 1961   4 

4919 Birr Offaly 207400 204400   73 1 Jan 1954 19 

4935 Connaught Airport Mayo 146300 295500 203 7 May 1986 35 

 

 

 

 
Map 4.1: Climate stations used in FLATWET 
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Table 4.2 summarises the records in four sequential periods.  This fits with the FLATWET 

mapping work reported in Section 4.5, to which the final column refers. 

 

Table 4.2: Summary of sites used – by sequential period 

Sequential 

period 
Years Number of sites used Stations missing 

Voronoi 

weights 

1 1981-1995 13 Connaught vweight1.txt 

2 1996 12 Connaught + Claremorris vweight2.txt 

3 1997-1999 12 Rosslare + Claremorris vweight3.txt 

4 2000-2006 13 Claremorris vweight4.txt 

 

 

4.3 Exploratory data analysis 
 

4.3.1 Inter-site correlations 
 

Inter-site dependence in SMD estimates was examined across the 14 sites.  There are 91 

station-pairs.  The correlation in daily SMD was obtained for all station-pairs except 

Connaught and Claremorris (which lack a period of common record).   The seven strongest 

and seven weakest correlations (see Table 4.3) were examined for spatial consistency. 

 

Table 4.3: Station-pairs exhibiting greatest and least correlation in daily SMD 

Correlation 

coefficient 
Station-pair  

Correlation 

coefficient 
Station-pair 

.940 Casement & Dublin  .643 Cork & Malin Head 

.924 Mullingar & Clones  .650 Kilkenny & Malin Head 

.917 Mullingar & Birr  .653 Rosslare & Malin Head 

.911 Birr & Shannon  .661 Dublin & Malin Head 

.900 Mullingar & Shannon  .661 Casement & Malin Head 

.896 Claremorris & Belmullet  .664 Connaught & Rosslare 

.895 Birr & Kilkenny  .678 Connaught & Dublin 

 

There are no particular surprises in the lists.  The pairings generally reflect inter-site distance.  

The strong SW-NE correlation evident between Mullingar-Birr-Shannon is a feature of the 

later wetness maps (see Sections 4.5 and 4.6).  That Malin Head is the most disassociated 

record is perhaps to be expected given its unique exposure and distance from other stations. 

 

 

4.3.2 Sensitivity of FLATWET to period of record 
 

FLATWET uses a particular wet-dry threshold to characterise wet-dry periods.  Exploratory 

work assumed a 6.0 mm threshold.  Later work (see Section 4.4) optimised the choice of the 

wet-dry threshold.     
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The record at Connaught is the shortest, with data spanning 1997-2006 only.  FW6.0 here 

denotes the FLATWET value when a threshold of 6.0 mm is used.  FW6.0 was evaluated over 

this 10-year period (for the 11 stations with complete records for the full period) and 

comparisons made with evaluations over the full 26-year period. 
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Figure 4.2: Checking sensitivity of FLATWET to period of record 

 

 

No systematic pattern was detected.  FW6.0 for the short period was found to be 5.1% higher 

at Dublin but 2.4% lower at Birr.  In a linear regression, the intercept was not significantly 

different from zero, yielding the relation: 

 

       FW1997-2006 = 1.006 FW1981-2006
 

 

None of the stations close to Connaught indicates a large adjustment factor (see Figure 4.2).  

It was concluded that period-of-record adjustments to FLATWET are not required. 

 

In the mapping of FLATWET reported in Section 4.5, the values for Connaught, Claremorris 

and (to a lesser extent) Rosslare are down-weighted to reflect their shorter records. 

 

 

4.4 Analysis at gauged sites 
 

4.4.1 Rationale 
 

The variable FLATWET works by distinguishing wet and dry conditions according to 

whether the SMD is above/below a given threshold (e.g. see horizontal line on Figure 4.1).  

Box 4.1 explains the rationale behind the decision to optimise the choice of threshold. 
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Box 4.1: Rationale behind optimising the choice of wet-dry threshold 

 
 

4.4.2 Choice of wet-dry threshold 
 

The choice of wet-dry threshold is rather arbitrary.  The Flood Estimation Handbook (FEH) 

devised a way of fixing the threshold by reference to the dates of peaks-over-threshold flood 

events.  This was based on the expectation that floods should generally only occur when 

catchment soils are wet.   

 

A simpler and more incisive approach is followed here.  The threshold is chosen to maximise 

inter-site differences in FLATWET across the 14 gauged sites.  The search was made by trial 

adjustment of the wet-dry threshold. 

 

Figure 4.3 reveals a well-defined optimum value.  A wet-dry threshold of 8.5 mm maximises 

the weighted mean inter-site difference in FLATWET.  The weighting is by the number of 

days of common record for the site-pair, thereby acknowledging the shorter records at 

Rosslare, Claremorris and Connaught.   
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Figure 4.3: Finding the threshold that maximises inter-site differences in FLATWET 

 

The unexpected success of the FEH catchment descriptor PROPWET led to speculation as 

to why this might be.  The variable is inevitably rather sketchy spatially, given the sparse 

coverage of climate datasets.  Moreover, experience reveals some rather harsh “edges” in 

the field of PROPWET values supplied with the FEH.  Yet the descriptor proves valuable 

in generalising models for use on ungauged catchments (Robson, 1999; Kjeldsen, 2007). 

 

One explanation is that PROPWET supplies information of a distinctly different character 

to descriptors such as SAAR.  Another explanation is that PROPWET proves useful 

because it is a neat dimensionless index, defined to take values in the range 0 to 1.   

 

This latter thought prompts the empirical approach taken here: namely, to choose the wet-

dry threshold specifically to maximise inter-site variation in FLATWET. 



Volume IV                                                                                             Physical Catchment Descriptors 

    44 

4.4.3 Descriptor values obtained 
 

The FLATWET values obtained using a wet-dry threshold of 8.5 mm are shown in Table 4.4.  

Entries in red highlight the climate stations with shorter records.   

  

Table 4.4: FLATWET at the 14 gauged sites 

Gauge FLATWET Altitude (m) 
 

Gauge FLATWET Altitude (m) 

Valentia 0.737   11  Claremorris 0.719   71 

Shannon 0.596     6  Mullingar 0.662 104 

Dublin 0.541   71  Kilkenny 0.581   66 

Malin Head 0.706   22  Casement 0.548   94 

Belmullet 0.732   11  Cork 0.658 154 

Clones 0.685   89  Birr 0.624   73 

Rosslare 0.547   26  Connaught 0.800 203 

 

Given the name chosen for the descriptor, it is prudent to check that FLATWET is unrelated 

to gauge altitude.  The adjusted r
2
 for the regression in Figure 4.4 is 0.0%.  There is no 

significant variation in FLATWET with altitude. 
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Figure 4.4: Confirmation of no significant variation in FLATWET with altitude 

 

 

4.5 Mapping FLATWET – the method 
 

The requirement is to be able to estimate FLATWET for any catchment in Ireland.  The 

approach taken is to generate estimates of the variable across a regular grid.  Mapping 

requires some kind of spatial interpolation.  The method used here is Voronoi interpolation. 

 

4.5.1 Choice of grid system 
 

Met Éireann rainfall frequency work (see Volume I) uses a 2-km grid across the whole of 

Ireland, based on Irish Grid References.  It was convenient to adopt the same grid system for 

FLATWET.  The scheme comprises 172 by 222 grid-points.  Met Éireann supplied a flag to 
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indicate which of these 38,184 grid-points lie on sea, and which (of those on land) lie in 

Northern Ireland.  It was established that 21,002 of the grid-points lie on land, of which 3551 

are in Northern Ireland.   

 

4.5.2 Stage at which to perform the spatial interpolation  
 

One approach would be to interpolate the wetness index from values at the gauged sites to the 

grid-point.    The values of FLATWET are given in Table 4.4.  This can be thought of as 

index interpolation. 

 

However, the approach favoured here is to interpolate SMD values on each day of the 

analysis period, and to calculate the wetness index at the grid-point as if it were gauged.  This 

method is termed SMD interpolation.  It is preferred because it exploits the available daily 

SMD data more fully.   

 

4.5.3 Voronoi interpolation  
 

A tradition persists in hydrology to interpolate climate data using the Thiessen polygon 

method.  Yet Voronoi interpolation is superior.  British Standards Institution guidance (BSI, 

1996) is unequivocal: 

 

Voronoi interpolation is a very attractive method of establishing a regular square 

grid of [rainfall] estimates.  It is easy to program, produces a smooth surface and is 

logically consistent.  Essentially it is a development of the Thiessen polygon 

approach. …  However, where the surface produced from Thiessen polgons is a series 

of plateaus with sharp steps between them, the Voronoi method provides a gradually 

varying surface. 

 

The Voronoi method fully respects the gauged values of the index at the sites with complete 

records, i.e. no unnecessary smoothing is introduced.  Appendix E explains the principles of 

Voronoi interpolation and its relationship to the Thiessen method. 

 

4.5.4 Voronoi weights 
 

A feature of Voronoi interpolation is that the weights depend only on the number and 

configuration of gauges.  Each grid-point was treated in turn and assigned a unique set of 

Voronoi weights.  Because of the differing numbers of gauges operating in different eras (see 

Section 4.2.4), four sets of Voronoi weights were constructed, one set for use in each of the 

periods: 1981-1995, 1996, 1997-1999 and 2000-2006.  The sets of weights are supplied in the 

files named earlier in Table 4.2. 

  

4.5.5 Features imposed by the gauge network 
 

Three maps summarise features of the interpolation imposed by the available gauge network.  

Map 4.2a shows the number of gauges used in interpolation.  Typically, this is three, four or 

five.  However, in a very small zone (shown in black) immediately west of the Valentia 

gauge, index values take on the gauged value at Valentia.   The class intervals chosen for 

display disguise the fact that the number of gauges used in interpolation is sometimes non-

integer.  It is the weighted mean number of gauges across the four sequential periods of Table 
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4.2.  The weighting reflects that the number of gauges used in interpolation to some grid-

points changes in particular years: as the Claremorris record ends, the Connaught record 

begins, and when the Rosslare record goes missing for a period. 

 

 

 
Map 4.2: Interpolation of FLATWET 
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Map 4.2b identifies the gauge accorded greatest weight.  This has been judged from the 

weighted mean of the Voronoi weights applying to each period.  Because of its relatively 

short record, the Connaught gauge commands only a very small area.  The large zone over 

which Clones is the gauge accorded greatest weight would have been smaller had one or 

more gauges in Northern Ireland been introduced. 

 

The kaleidoscopic Map 4.2c indicates the size of the largest Voronoi weight.   

 

The ultimate outcome of the FLATWET work is illustrated in Map 4.2d. The most notable 

features are perhaps the appreciably lower values in the South East, and the higher values in 

the North West and extreme South West. 

  

4.6 Mapping FLATWET – the outputs 
 

4.6.1 FLATWET map 
 

FLATWET was calculated at all points on the Irish national grid and contours are shown in 

Map 4.3.  This is a version of Map 4.2d reformatted to include county boundaries.  It is not 

intended for use in catchments wholly within Northern Ireland. 

 

 
                 
 

        
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Map 4.3: Contoured values of FLATWET 
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4.6.2 Delivered outputs 
 

Gridded outputs from the study were delivered to OPW in the MS Excel Worksheet 

FSUwetness.  The grid is rectangular, encompassing the whole of Ireland.  It comprises 

38,184 grid-points.  The contents of the spreadsheet are summarised in Table 4.5. 

 

Table 4.5: Contents of “FSUwetness” spreadsheet 

Column Variable name Variable type Comment 

A Easting Integer 6-digit easting of grid-point 

B Northing Integer 6-digit northing of grid-point 

C FLATWET Real FLATWET at grid-point 

D SMDBAR
†
 Real SMDBAR at grid-point 

E Land Integer 1 if not at sea (0 otherwise) 

F NI Integer 
1 if in N Ireland and not at sea (0 

otherwise) 

†SMDBAR is the mean SMD over the study period.   This PCD was not implemented.  SMDBAR and 

FLATWET values were highly negatively correlated (adjusted r
2
 = 98.0%) across the 14 sites. 

 

4.6.3 Distribution of FLATWET values at 2-km grid points 
 

Histogram 4.1 shows the distribution of FLATWET values at 2-km grid points across Ireland. 

 

Histogram 4.1: FLATWET at 17,451 grid-points across Ireland 

1.00.90.80.70.60.50.4
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FLATWET (excludes sea and NI)
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4.6.4 Reconciling mapped and gauged values of FLATWET 
 

The vertical lines in Histogram 4.1 mark FLATWET values for the 14 climate stations on 

which the PCD is based.  The exceptional value of 0.80 is for Connaught. 

  

None of the climate stations coincides precisely with a point on the 2-km grid.  However, it 

can be seen from Table 4.6 that the interpolation respects the gauged value of FLATWET, 

except at the stations (highlighted in red) for which FLATWET derives from an incomplete 

record.  [Editorial note: The three stations with incomplete records never attain full weight 

in the estimation of FLATWET, even at sites very close to them.  This can be confirmed by 

close reading of Map 4.2c.]  
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Table 4.6: Gridded FLATWET at gauged sites 

Gauge 
Gauged 

value 

Nearest gridded 

value 

 
Gauge 

Gauged 

value 

Nearest gridded 

value 

Valentia 0.737 0.737  Claremorris 0.719 0.716 

Shannon 0.596 0.596  Mullingar 0.662 0.662 

Dublin 0.541 0.542  Kilkenny 0.581 0.581 

Malin Head 0.706 0.706  Casement 0.548 0.548 

Belmullet 0.732 0.732  Cork 0.658 0.659 

Clones 0.685 0.685  Birr 0.624 0.622 

Rosslare 0.547 0.552  Connaught 0.800 0.735 

 

 

4.6.5 Catchment values of FLATWET 
 

Catchment values of FLATWET are obtained as the mean of gridded values within the 

catchment.  Because FLATWET is explicitly defined as a proportion (of time) at each point, 

so too is the catchment-average value.   

 

Histograms 4.2 show the distributions of FLATWET values for the 216 FSU gauged 

catchments and for all FSU catchments. 

 

 

Histograms 4.2: FLATWET 
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(a) 216 gauged catchments        (b) ≈134,000 FSU catchments 
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5 Soil Baseflow Index, BFIsoil 
 

BFIsoil is a special PCD developed to mimic the baseflow index by linking gauged values of 

BFI to catchment properties, most notably soils.  Gauged values of BFI are discussed in 

Section 5.2, whilst Section 5.3 introduces soil, subsoil, aquifer and climate (SSAC) 

descriptors that play a central role in developing BFIsoil (Sections 5.4 et seq.). 

 

First, it is helpful to define the baseflow index and to understand the motivation for 

generalising a model to allow its estimation at ungauged sites.   

 

5.1 The baseflow index, BFI 
 

5.1.1 Definition of baseflow 
 

Baseflow can be thought of as the groundwater contribution to river flow.  It is the baseflow 

that enables a river to maintain flow in prolonged dry periods.  A simplified flood hydrograph 

can be divided into two main components: baseflow and direct runoff (see Figure 5.1).  The 

direct runoff portion is from rainfall (or snowmelt) that flows overland or within the upper 

soil layer, thereby passing to the watercourse relatively directly.  Baseflow is the portion of 

the total flow in a river that derives from the on-going release of water from natural storage.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Typical flood hydrograph showing baseflow and direct runoff. 

 

5.1.2 Separation of baseflow from total hydrograph 
 

Hydrologists find it useful to separate the two components of the hydrograph.  Various 

methods have been proposed over the last 150 years or so.  For this project, baseflow was 

separated using a water management information system to invoke a version of the UK 

Institute of Hydrology baseflow separation method (IH, 1980).  This is also known as the 

smoothed minima method.  Details of the procedure used to separate baseflow from the 

hydrograph of daily mean flow (DMF) data are given in Section F1 of Appendix F.   

 

Direct 

runoff 

 

Baseflow 

Time 

River flow 
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Figure 5.2 provides an example of the separation achieved.  The blue castellated line marks 

the daily mean flows, and the red line indicates the baseflow hydrograph separated by the 

procedure.   

 

 
Figure 5.2: Baseflow separation by standard (IH, 1980) method 

 

5.1.3 Definition of BFI 
 

A number of regional low flow studies including Wright (1974), Klaassen and Pilgrim 

(1975), Institute of Hydrology (IH, 1980), and Pirt and Douglas (1982) have highlighted the 

importance of indexing the hydrogeology of a catchment if flows are to be successfully 

estimated at ungauged sites.  The UK Low Flow Studies report (IH, 1980) recommended the 

proportion of baseflow in the river as an index of the effect of geology on river flows, i.e.  

 

 
volumeflowTotal

volumeBaseflow
BFIindexBaseflow    5.1 

 

The baseflow index can be thought of as measuring the proportion of a river’s flow that 

derives from stored sources (Gustard et al., 1992).  Though originally intended for relating 

low flows to geology and lakes, BFI later found application in flood studies also.     

 

Evaluation of the index from daily mean flow data proceeds directly from the baseflow 

separation illustrated in Figure 5.2. 

 

BFI summarises the volumetric character of catchment baseflow.  Its temporal character is 

represented by the receding limb of the hydrograph in dry weather.  Procedures for selecting 

and combining hydrograph recessions into a so-called master recession curve are difficult to 

automate fully (e.g. Lamb and Beven, 1997).   
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BFI represents the influence of soils, geology and other storage on river flows.  It is a 

surrogate variable in the sense that BFI is a single number used to represent complex effects.   

Low values of BFI (e.g. less than about 0.3) typically indicate shallow and/or impermeable 

soils.  High values of BFI (e.g. greater than 0.9) typically indicate highly permeable soils 

associated with major aquifers.   

 

The theoretical range for BFI is 0 to 1.  In the UK, the range reported for catchments is 

notably wide: with values spanning 0.11 to 0.98.  [Editorial note:  Whilst high values are 

always associated with highly permeable catchments, low values of BFI are sometimes 

indicative of heavy urbanisation or of an unusual location or hydrogeological situation.] 

 

The UK Hydrometric Register (CEH and BGS, 2008) has BFI values in the range 0.28 to 

0.67 for 51 catchments in Northern Ireland.  The 166 Irish catchments used in the research 

reported here have BFI in the range 0.26 to 0.91, as will be seen later in Histogram 5.1.  The 

BFI values are listed in tables in Sections F4 and F5 of Appendix F.  These refer respectively 

to the 133 stations used in calibration and the 33 stations used in validation. 

 

5.1.4 WRAP classification 
 

The so-called Winter Rain Acceptance Potential (WRAP) classification was the main vehicle 

for relating hydrological variables to soil properties in the Flood Studies Report (NERC, 

1975).  Based on theoretical considerations, soil classifications, terrain slope and geological 

setting, land areas were assigned to one of five WRAP classes.  Class 1 denotes highly 

permeable areas and Class 5 denotes highly impermeable areas.  WRAP maps were produced 

for the UK and Ireland, at scales of 1:625,000 or 1:1,000,000. 

 

Misclassifications were soon noted and revised WRAP maps followed (IH, 1978).  A 

persisting difficulty was that the scale of mapping was too coarse to support applications on 

small catchments.  Training courses encouraged users to consult detailed soil maps to check 

that catchment soils were typical of the wider area, and therefore that the mapped WRAP 

classification was appropriate.   

 

In summary, the WRAP system was let down by incorrect or inadequately discriminated 

classifications, and by a lack of spatial detail in the WRAP map. 

 

5.1.5 BFIHOST 
 

In consequence – and in association with soils survey organisations in England & Wales, 

Scotland and Northern Ireland – the Institute of Hydrology formulated the Hydrology Of Soil 

Types (HOST) classification.  This is based on a number of conceptual models that describe 

dominant pathways of water movement through the soil.  HOST uses a total of 29 soil classes 

and these were assigned on the basis of their physical properties, and with reference to the 

hydrogeology of the substrate (i.e. the underlying layers).   

 

The HOST delineation of UK soil types is available as a 1 km grid.  It therefore provides 

good spatial detail on all but the very smallest catchments.   

 

Boorman et al. (1995) assigned BFI values to each HOST class in an iterative procedure that 

combined physical understanding and measurements of soil properties with a regression 

analysis of catchment BFI values.  The resultant model allows BFI to be estimated from the 
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proportions of the catchment area mapped in each HOST class.  The baseflow index thus 

estimated from soil information is termed BFIHOST.  This generalises the model, allowing BFI 

to be estimated at ungauged sites from mapped soil classifications.  In summary, BFIHOST is a 

special catchment descriptor built to mimic the hydrological variable BFI.   

 

In research for the Flood Estimation Handbook, Robson (1999) found BFIHOST useful when 

generalising a model for the index flood, QMED.  Kjeldsen (2007) also found the descriptor 

useful when generalising parameters of a rainfall-runoff model. 

 

The aim of the work reported here is to build a link between BFI and catchment properties, 

most notably soils.  The starting point was to collect BFI values for as many gauged locations 

as possible. 

 

5.2 Gauged BFI values 
 

Gauged values of the baseflow index were derived from daily mean flow data using options 

within the water information management systems in use at the OPW and the EPA.  The data 

comprised a series of annual BFI values (BFIann) for each water-year commencing 1 October.   

 

The relationship sought between BFI and catchment properties is intended to be general and 

country-wide.  Thus the selection of catchments was not limited to gauging stations for which 

flood peak and/or flood hydrograph data are analysed in Volume II and Volume III.   

 

After quality control of the annual BFI values (see Section F2), representative BFI values 

were determined for 166 stations.  Catchment BFI was taken as the median of the annual BFI 

values for years that passed scrutiny. 

 

The final network is shown in Map 5.1.  The BFI values themselves are given in Section F6.   

 

BFI is not available for all catchments for which flood peak or flood hydrograph data are 

analysed in the FSU.  A typical reason is that, whilst providing useful flood data, some OPW 

stations are not rated for flow measurement across the full range of flows required for DMF 

calculation. 

 

Histogram 5.1 illustrates the distribution of BFI values underlying development of the BFIsoil 

model. 
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Map 5.1: Gauged catchments underlying the BFIsoil model 

 

 

5.3 Soil, subsoil, aquifer and climate (SSAC) descriptors 
 

5.3.1 SSAC descriptors 
 

In order to generalise a model so that BFI can be estimated from soil properties, it was first 

necessary to group catchment soils according to their hydrological properties.  In this report, 

the overall groupings of soils based on their hydrological properties are referred to 

collectively as soil, subsoil, aquifer and climate (SSAC) descriptors. 

 

The soil, subsoil and aquifer descriptors have been introduced in Section 2.8.  It remains to 

confirm the climatological descriptors. 

 

5.3.2 Incorporating climatological effects 
 

Climate is an important factor in how soils are formed (in the long and very long term) and in 

how they behave hydrologically.  It was therefore reasonable to offer climate terms as 

ingredients of a model for BFI.  

 

Three climatological PCDs were available: SAAR (Section 2.6.5) and SAAPE (Section 2.6.6) 

and FLATWET (Chapter 4).   

 

SAAR is known to be a very important PCD in many hydrological applications.  Preliminary 

results had confirmed that SAAR would be part of the procedure for estimating QMED on 

ungauged catchments.  There is little merit in allowing a new PCD to “share territory” with 

one that is already known to be indispensable.  SAAR was therefore withdrawn as a potential 

Calibration sites 
 

Validation sites 
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ingredient of the BFIsoil model.  This left SAAPE and FLATWET as the climate descriptors 

used in building the BFI model.   

 

 

5.3.3 Final set of SSAC descriptors 
 

The final set of 19 SSAC descriptors is given in Table 5.1.   

 

Table 5.1:  The 19 SSAC descriptors used in modelling BFI 

Soil drainage group Subsoil permeability group Aquifer group Climate descriptor 

Poorly drained High Rkc/Rk FLATWET 

Well drained Moderate Rkd/Lk SAAPE 

Peat Moderate to Low Lm/Rf  

Alluvium Low Ll  

Made ground Not Available Pu/Pl  

Water  Lg/Rg  

 

The soil, subsoil and aquifer descriptors are all defined as proportions that indicate the 

fraction of the catchment lying on the given classification.  As discussed in Section 4.6.5, 

catchment values of FLATWET are also proportions.  This leaves SAAPE – a depth in mm – 

as the only dimensioned SSAC descriptor.   

 

 

5.4 Region of influence (ROI) method – preliminary steps 
 

5.4.1 Previous work 
 

The region of influence (ROI) approach has appeared in several contexts since its 

introduction by Burn (1990) for regional flood frequency analysis.  The model of BFI derived 

here builds on the UK Low Flows 2000 report (see Holmes et al., 2002), low-flow estimation 

in Scotland (WHS Ltd, 2006) and ESBI work in modelling flow duration curves in Ireland 

(ESBI, 2008). 

 

 

5.4.2 Procedure 
 

The main steps in applying the region of influence method to model BFI are now introduced.    

A specific model is identified and tested in Section 5.5, with further evaluations in Sections 

5.6 and 5.7. 

 

Step 1: Define datasets for calibration and validation  

 

The base dataset comprises the 166 gauged catchments for which BFI data (Section 5.2) and 

SSAC descriptors (Section 5.3) are available.  
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The dataset was split 80%/20% to provide 133 stations for calibration and 33 stations for 

validation.  The allocation of stations to the validation group was made at random, with a 

watch kept on the spatial distribution across the country.  The pattern in Map 5.1 appears 

adequate.  The station numbers are listed in Sections F4 and F5, for the calibration and 

validation datasets respectively. 

 

Step 2: Standardise SSAC descriptors 

 

With the exception of SAAPE, all the SSAC descriptors are proportions.  Nevertheless, 

standardisation helps to ensure that model-building gives each descriptor due attention.  The 

standardisation was made by dividing the SSAC values by the standard deviation of the 

relevant SSAC descriptor, evaluated across the base dataset of 166 catchments.  The term Xim 

denotes the m
th

 standardised SSAC descriptor for the i
th

 gauged catchment. There are 19 

SSAC descriptors initially (as listed in Table 5.1). 

 

Step 3: Identify subject catchment requiring an estimate of BFI 

 

The subject catchment also has SSAC descriptors that summarise the soil and climate 

properties of the catchment.  Each is standardised in the same manner, i.e. as in Step 2.  The 

m
th

 standardised SSAC descriptor for the subject catchment is denoted by Xsm. 

 

Step 4: Identify gauged catchments hydrologically similar to the subject catchment  

 

Hydrological similarity is judged by the weighted Euclidean distance in SSAC-descriptor 

space.  Thus, “nearness” equates to “similarity”, and the two terms are used interchangeably.  

Similarity in this context relates to similarity in those factors thought to be relevant to BFI.  

 

The gauged catchment most similar to the subject catchment is the one to which it is closest 

in SSAC-descriptor space.  Were the final model of BFI to use all 19 SSAC descriptors, the 

distance would be measured in a hyperspace with 19 dimensions.   

 

Although this sounds complicated, it is a straightforward extension of the simple coordinate 

geometry method of calculating the distance between two points.  The distance is given by: 

 

   



M

1m

2

smimmi XXWD   5.2 

where:  

Di is the weighted Euclidean distance from the i
th

 gauged catchment to the subject 

catchment; 

M is the number of SSAC descriptors being used in the analysis (initial studies took 

M = 19 but the number used is later reduced);  

Xim and Xsm are the standardised SSAC descriptors from Steps 2 and 3;  

Wm is the weighting applied to the m
th

 SSAC descriptor.  

 

Note the precise position of the Wm weight in Equation 5.2.  This intentionally differs from 

Holmes et al. (2002) and WHS Ltd (2006). 

 

Derivation of the weights forms the most sophisticated part of the overall procedure.  They 

are optimised to produce the best agreement between observed and modelled values of BFI at 

the gauged locations.  The optimum scheme later forms the basis of the BFIsoil model. 
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Step 5: Estimate BFI as weighted average of BFI at n most-similar gauged catchments  

 

BFI at the subject site is modelled as a weighted average of BFI values from the n most-

similar gauged catchments.  During the research, different “sizes” of regions were trialled, 

ranging from one to ten catchments.  A region based on the five most-similar catchments (i.e. 

n = 5) was found to yield the best results.  The scheme is illustrated in Figure 5.3.  
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Figure 5.3: Schematic of the ROI pooling of BFI 

                  (based on five most-similar catchments) 

 

Inverse distance weighting (IDW) is used.  Thus, BFI at the subject site is modelled by: 
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where the r
th

 most-similar gauged catchment has baseflow index BFIr and lies at distance Dr 

from the subject catchment.  The distance is measured according to Equation 5.2.  Use of 

subscript r (rather than i) indicates that the gauges have been ranked in terms of their distance 

from the subject site, i.e. in terms of their hydrological similarity.   

 

Note that two weightings are involved.  The weights Wm determine the metric (i.e. the 

measurement system) in which nearness is judged in the SSAC-descriptor hyperspace: i.e. in 

the coordinate system in which distance Dr is calculated by Equation 5.2.   These distances 

are used both to determine the nearest stations and in the IDW weighting of Equation 5.3. 



Volume IV                                                                                             Physical Catchment Descriptors 

    58 

 

5.5 Application of ROI method to model BFI 
 

The region of influence (ROI) method is applied in three stages.  

 

 

Stage I: Calibrating the model 

 

The BFI model is calibrated by application to gauged catchments only.  This stage formed the 

major element of research, determining:  

 

 The most useful SSAC descriptors;  

 The number of SSAC descriptors in the final model; 

 The size of the region of influence, i.e. the number of most-similar catchments used. 

 

Weightings Wm in Equation 5.2 are varied to optimise agreement between gauged and 

estimated BFI.   

 

Goodness of fit is judged by the Nash-Sutcliffe efficiency (NSE) coefficient (Nash and 

Sutcliffe, 1970).  This is familiar to hydrologists when used to judge the fit of a modelled 

hydrograph (defined by ordinates Qi,mod) to a particular hydrograph (Qi): 
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For the BFI model, the fit is judged across the calibration dataset (with N = 133) using: 
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Here, BFIi is the BFI for the i
th

 station in the calibration dataset, and the additional subscript 

denotes modelled values (at the i
th

 station) by the ROI scheme. 

 

The procedure was trialled for ROIs of different size.  Thus, the Equation 5.3 weighting was 

applied with n = 1 (i.e. using only the nearest catchment), n = 2 (using the two nearest 

catchments), n = 3 etc.  The largest ROI considered the ten nearest catchments.  Nearness is 

judged in SSAC-space (i.e. in terms of hydrological similarity), not by geographical location.  

 

Calculations were implemented by spreadsheet, for which Section F7 provides a schematic. 

 

The influence of region size on the fit achieved is summarised in Figure 5.4.  The best fit 

(NSE = 0.81) is achieved when the nearest five gauges are used (i.e. n = 5).   
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Figure 5.4: Variation of NSE with number of catchments in ROI 

 

In each trial of a particular size of region, optimum weightings (Wm in Equation 5.2) of the 

19 SSAC descriptors were found by minimising the sum of squared departures between 

gauged and modelled BFI values.  This corresponds to maximisation of NSE in Equation 5.5. 

 

The optimisation indicated that some SSAC descriptors had little or no power in 

discriminating values of BFI.  Only seven were found significant, allowing the model for BFI 

to be simplified.  The seven SSAC descriptors retained and their optimum weightings (Wm) 

are given in Table 5.2. 

 

Table 5.2: Optimum weightings for the SSAC descriptors – calibration dataset 

SSAC descriptor name SSAC code Wm (Wm)
2
 

Well drained (soils) WD 0.538   .2894 

(Land-cover by) Water Water 0.524   .2746 

FLATWET FLATWET 0.370   .1369 

Poor aquifer: bedrock which is generally unproductive Pu_Pl 0.286   .0818 

Low permeability (subsoils) L 0.281   .0790 

Poorly drained (soils) PD 0.264   .0697 

Moderate permeability (subsoils) M 0.262   .0686 

  Σ = 1.0000 

 

[Editorial note:  The seven squared weights (i.e. Wm
2
) in Table 5.2 sum to 1.0, confirming 

that the form of Equation 5.2 is correct.  The equivalent equation in Holmes et al. (2002) 

appears to be written incorrectly.] 

 

The seven descriptors in the BFIsoil model comprise three soil drainage groups, two subsoil 

permeability groups, one aquifer group and a climate descriptor.  

 

 

Stage II: Validating the model 

 

The BFI model derived in Stage I was tested on the 33 catchments reserved for validation.  

Each of the 33 stations in turn was treated as if it were an ungauged site.  BFI was estimated 
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from the derived model (i.e. using the five nearest stations, seven SSAC descriptors and Wm 

weights from Table 5.2).  The validation procedure only used BFI values from the 133 

calibration stations. 

 

Although less impressive than for the calibration dataset (which attained NSE = 0.81), the 

performance in validation yielded a respectable Nash-Sutcliffe efficiency coefficient of 0.72. 

 

Stage III: Finalising the model 

 

Using the region of influence method, it is possible to estimate BFI at ungauged catchments 

by searching for the five most-similar catchments from the dataset of gauged catchments, and 

applying the weighted averaging scheme.  The method depends on having a wealth of 

stations against which to compare the subject site for similarity.  The range of gauged BFI 

values in the calibration set dictates the range of modelled BFI values that can be achieved.   

 

In order to produce a model that can be used at up ≈134,000 ungauged catchments around the 

country, it was decided to use the most complete BFI dataset available.  The method was 

therefore reapplied to the full dataset of 166 gauged catchments.  The spreadsheet for this 

application is given in schematic form in Section F7. 

 

The same seven SSAC descriptors were found important but their order of importance 

changed: leading to a different set of Wm weights.  These are shown in the 2
nd

 column of 

Table 5.3.   

 

Table 5.3: Optimum weightings for the SSAC descriptors – full dataset 

SSAC descriptor code 
Wm (Wm)

2
 

Final model Initial model Final model Initial model 

WD 0.598 0.538 .3576   .2894 

Water 0.564 0.524 .3181   .2746 

FLATWET 0.343 0.370 .1176   .1369 

Pu_Pl 0.290 0.286 .0841   .0818 

L 0.273 0.281 .0745   .0790 

PD 0.154 0.264 .0237   .0697 

M 0.154 0.262 .0237   .0686 

  Σ = .9993 1.0000 

 

 

5.6 The BFIsoil model  
 

5.6.1 Interpretation as a PCD 
 

The final model provides a means of estimating BFI from SSAC descriptors.  It is fully 

general, and provides estimates of BFI for each of ≈134,000 river catchments for which the 

FSU supplies PCDs.   

 

The model is applicable at gauged as well as ungauged sites.  While it has been calibrated to 

model the baseflow index, the output can also be interpreted as a PCD that merges seven 
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SSAC descriptors.  Because the model has been calibrated to mimic BFI, and because four of 

the SSACs (WD, PD, M and L) explicitly derive from soil/subsoil mapping, the PCD is 

appropriately labelled BFIsoil. 

 

The dual identity of BFIsoil – as a model for BFI and as a PCD in its own right – is discussed 

further in Section 5.8 in the context of the scope for (and impact of) further development in 

BFI modelling.  

 

5.6.2 Performance of model 
 

BFIsoil values for the 166 catchments are given in Section F6.  Section F7 provides a 

schematic of the spreadsheet calculation for the final model. 

 

Values of BFI and BFIsoil are compared in Figure 5.5 for the 166 gauged catchments used.  

Performance of the final model on the full dataset of 166 catchments achieves Nash-Sutcliffe 

efficiency (NSE) of 0.82.  In this particular application, NSE corresponds to the familiar r
2
 of 

linear regression, when BFIsoil is regressed against BFI (see blue line in Figure 5.5). 
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Figure 5.5: BFI and BFIsoil for full dataset of 166 gauged catchments 

 

A limitation of the region of influence method is that it cannot synthesise values of BFIsoil 

beyond the range of the gauged BFI values.  Thus, the BFIsoil values synthesised for the 166 

catchments span a somewhat narrower range than their BFI values (see Histograms 5.2). 

 

Histograms 5.2: Comparison of BFI and BFIsoil 
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(a) For full BFI dataset of 166 catchments        (b) BFIsoil for same 166 catchments 
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5.7 Variation of BFIsoil along rivers 
 

Values along the river network were inspected for large step-changes in BFIsoil.  It was 

thought that there might be sudden changes in BFIsoil where the set of five most-similar 

stations changed between adjacent nodes of the river network.  Brief case studies of the Suir 

and Slaney were carried out to check behaviour.  The Suir is reported here.   

 

Neither case revealed worrying variation.  It was therefore concluded that the preference 

(found in Section 5.5) to average BFI across only the five most-similar catchments was not at 

the expense of undue variation of BFIsoil along rivers. 

 

5.7.1 Case study of River Suir  
 

The Suir is relatively well gauged with 13 stations of good quality, and provides a good test 

of the character and robustness of the BFI modelling.  Part of the Suir is also used in river 

modelling studies reported in Volume V. 

 

Table 5.4 shows BFIsoil for the first 14 nodes on the Upper Suir.  It also identifies the five 

most-similar catchments that underlie the BFIsoil value at each node.  The basin corresponds 

to Hydrometric Area 16.  The darker-shaded cells in Table 5.4 highlight stations in the Suir 

basin whose BFI values play a role in the BFIsoil descriptor for the cumulative catchment to 

the river node.   

 

Table 5.4: Five nearest catchments in SSAC-descriptor space (first 14 nodes of Upper Suir) 

River node 

ID 

Chainage 

along channel 

(km) 

BFIsoil 

Stations in ROI (and thus determining BFIsoil) 

Nearest 
2nd 

nearest 

3rd 

nearest 

4th 

nearest 

5th 

nearest 

16_4119_1 2.580 0.5714 25158 16005 06033 16006 25044 

16_4119_2 3.083 0.5460 25158 16005 06033 25003 16006 

16_4119_3 3.580 0.5472 25158 16005 06033 25001 25003 

16_4119_4 4.083 0.5465 25158 16005 25003 06033 25001 

16_4119_5 4.585 0.5456 25158 16005 25003 25001 06033 

16_4119_6 5.085 0.5595 25158 16005 25003 25001 16006 

16_4119_7 5.582 0.5590 25158 16005 25003 16006 25001 

16_4119_8 6.084 0.5590 25158 16005 25003 16006 25001 

16_4119_9 6.588 0.5789 16005 25158 16006 25044 16003 

16_4119_10 7.085 0.5778 16005 16006 25044 16003 25158 

16_4119_11 7.588 0.5780 16005 16006 25044 16003 25158 

16_4119_12 8.087 0.5678 16005 25158 16006 25003 25044 

16_4119_13 8.587 0.5559 16005 25003 25158 16006 25001 

16_4119_14 8.886 0.5557 16005 25003 25158 25001 16006 
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The hydrological similarity criterion (based on the seven SSAC descriptors used in BFIsoil) 

has successfully recognised the relevance of BFI data from the Suir.  With the exception of 

Station 06033White Dee at Coneyburrow Bridge, the pooled stations are all from HA 16 (the 

Suir) or the neighbouring HA 25.  It is also reassuring that the prominently featured 

Station 25158 Bilboa at Cappamore is geographically close to the Upper Suir.   

 

Figure 5.6 plots BFIsoil along the entire main channel of the Suir (as far as its tidal limit).  

Such variation as occurs is mainly in the headwaters, i.e. in the first 40 km.  Even then, the 

variation is relatively minor. 
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Figure 5.6: BFIsoil values along the main channel of the Suir 

 

 

The step-changes evident (e.g. at about 17, 35 and 120 km) were explored and found to 

correspond to notable river confluences rather than to arbitrary changes in the network of five 

stations contributing to BFIsoil.  This behaviour is captured in Map 5.2.   

 

The relatively minor variation of BFIsoil along the Suir is comparable in scale to the residual 

(unexplained) variation in BFI for stations on the Suir (see Table 5.5). 

 

 

Table 5.5: BFI and BFIsoil values at gauges on main channel of Suir 

Station number BFI BFIsoil Residual = BFI – BFIsoil 

16002 0.634 0.620  0.014 

16004 0.579 0.637 -0.058 

16008 0.635 0.620  0.015 

16009 0.631 0.619  0.012 

16011 0.669 0.608  0.061 

[Values abstracted from Section F4] 
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Map 5.2: Changes in BFIsoil along the main channel of the Suir 

 

 

5.8 Further development of BFIsoil 
 

5.8.1 Scope for enhancement 
 

The study utilised daily mean flow data from 166 gauging stations.  Some of these records 

had incomplete years of daily mean flow data. 

 

Improving the quality control of daily mean flow data, and of BFI calculation when DMF 

data are incomplete, are natural enhancements to contemplate.  However, the greater potential 

lies in extending the set of gauged catchments that support BFI calculation.   

 

It would be especially helpful to extend the range of gauged BFI values by gathering and 

analysing DMF data for (i) catchments of very low permeability and storage, and (ii) highly 

permeable catchments.  It is a feature of the ROI method that all modelled values of BFIsoil lie 

strictly within the range of the gauged BFIs supporting the modelling.  Currently, the range of 

gauged BFI is 0.26 to 0.91.  

 

More generally, a larger dataset of gauged BFI supplies the model with a greater pool from 

which to identify and select the most hydrologically-similar catchments. 

 

Upgrades to soil, subsoil and aquifer mapping could also enhance the modelling of BFI from 

SSAC descriptors.  Mapping improvements may be of particular help on smaller catchments. 

 

Jumps in BFIsoil along River Suir 
 

  0.036 to 0.043  (1 occurrence) 

    0.027 to 0.036  (2 occurrences) 

    0.018 to 0.036  (7 occurrences) 

    0.009 to 0.018  (7 occurrences) 

      < 0.009            (723 occurrences) 

 



Volume IV                                                                                             Physical Catchment Descriptors 

    65 

 

5.8.2 Special cases 
 

It would be helpful to investigate cases where BFI is grossly overestimated or underestimated 

by the model.  Areas with complex lake systems, and areas with Karst features, may warrant 

particular study: recognising that automated procedures will not be suitable in all situations.  

Such areas might then carry a warning to avoid uncritical use of BFIsoil when (e.g.) estimating 

the index flood from PCDs using a Volume II technique.   

 

Spot checks around the country, and a case study on the river Suir, suggest that the BFIsoil 

descriptor is relatively stable locally, with few large unexplained variations along particular 

river reaches. 

 

5.8.3 An important distinction 
 

It was noted in Section 5.6 that BFIsoil has something of a dual identity.  It provides a model 

for BFI but also acts as a PCD. 

 

Where imperfections are noted in BFIsoil, or when research comes up with a better model for 

estimating BFI at ungauged sites, these will be important to applications where the BFI is 

intrinsically of interest.  However, they do not necessarily undermine use of BFIsoil.   

 

The role of a PCD is to summarise catchment properties numerically.  The estimation method 

for QMED presented in Volume II has been calibrated to use BFIsoil exactly as it is.  
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6 Applications  
 

The Physical Catchment Descriptors developed in this volume have three main applications: 

 

 Summarising catchment properties; 

 Generalising a hydrological variable; 

 Judging catchment similarity. 

 

This final chapter seeks to broadcast that physical catchment descriptors are intrinsically 

important, and offer more than just a means to an end.   

 

Although these matters might appear to be chiefly of interest to researchers, the manner in 

which the FSU methods have been implemented require the user to make reasoned 

judgements of catchment similarity.  Thus, the reader should pay particular attention to the 

guidance of Section 6.3. 

 

6.1 Summarising catchment properties 
 

Most obviously, PCDs are used to quantify and summarise catchment properties. 

 

Not all hydrological applications deal with flood frequency estimation.  For example, 

research may be undertaken to investigate land-use effects on river flow or water quality.  

The research may be focused on a regular gauged catchment or on a specially established 

experimental catchment.   

 

A flood forecasting system often uses telemetered levels or flows from an upstream site, in 

addition to tipping-bucket raingauge data.  The design of the system gains from 

understanding properties of the subcatchment relative to those of the catchment to the site for 

which the flood warning is required. 

 

In these and other applications, it is helpful to have a common currency of catchment 

description that places particular catchments within a regional or national context, or places 

subcatchments within a local context.  The PCDs provide this common currency. 

 

6.2 Generalising a hydrological variable 
 

Research necessarily analyses flood behaviour at gauged sites.  Because many applications 

arise elsewhere, there is a need for research results to be generalised for use at ungauged 

sites.  The process of generalisation is to relate a hydrological variable – such as a typical 

peak flow – to physical properties of the catchment.   

 

Because PCDs summarise catchment properties numerically, and provide values for all 

possible river catchments, they are ideally suited to the task of developing a model to 

generalise research results from gauged to ungauged sites.   

 

The technique used for model development is often a version of linear regression.  

Section 2.2 of Volume II generalises a model for the index flood, QMED.  Volume III 

Chapter 6 generalises a model for the typical “width” or part-duration of a flood hydrograph. 
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Development of the special descriptor BFIsoil (see Chapter 5) presents a more sophisticated 

example of generalising a hydrological variable. 

 

6.3 Judging catchment similarity 
 

6.3.1 Contexts 
 

The judgement of catchment similarity is an understated skill of the applied hydrologist.  

Catchment similarity can be relevant in a number of contexts.  Typical questions arising are: 

 

 Which nearby gauged catchment is most similar to the subject catchment? 

 Which more distant gauged catchments are sufficiently similar to the subject 

catchment for their behaviour to be relevant? 

 

The first question typically arises when seeking to improve an estimate of a hydrological 

variable made from PCDs.  This is discussed in Section 6.3.2.  The second question is 

encountered when choosing to pool data from a number of catchments in order to estimate 

extreme behaviour at the subject site.  This is touched on in Section 6.3.3. 

 

Except for sites that lie immediately upstream or downstream of each other, no two 

catchments are very similar.  Sometimes, the practical interest is in identifying important 

dissimilarity.  Examples of important dissimilarities are where one catchment has been 

arterially drained but the other has not, or where one has large lakes but the other does not.   

 

6.3.2 Selecting the pivotal catchment 
 

Implementation of the FSU methods for flood peak and hydrograph estimation introduces the 

concept of a pivotal catchment.  This is the gauged catchment that the user judges to be most 

relevant to flood estimation at the subject site.   

 

If the subject site is gauged, or there is a gauge not far upstream or downstream, the pivotal 

catchment is likely to be self-selecting.  But in many cases there will be fine judgements to be 

made.  Is a nearby catchment that is somewhat similar to the subject catchment more relevant 

than a distant catchment that looks very similar? 

 

The quality of flood data is also relevant.  Perhaps the second-most similar catchment has a 

long record and/or well-rated flood hydrometry.   

 

Not everything can be codified.  The progressive user will consult others as they gain 

experience in judging catchment similarity.  Ultimately, it has to be a personal judgement. 

 

6.3.3 Pooling-group selection and diagnosis 
 

Pooling data from a number of stations is generally required if design flood peaks of low 

annual exceedance probability (i.e. long return period) are to be estimated supportably.  

Pooling-group selection is explored in the research reported in Volume II.   

 

Many schemes are possible.  The recommendation is to pool catchments that are thought 

hydrologically similar to the subject catchment.  The procedure for constructing a pooling-
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group cautiously recommended in the FSU is to judge hydrological similarity by proximity in 

a particular 3-dimensional space representing catchment size (indexed by AREA), typical 

wetness (indexed by SAAR) and catchment permeability (indexed by BFIsoil). 

 

Catchments also differ in respects other than size, wetness and permeability.  Thus, an 

important task is to judge whether any of the catchments selected (by the size-wetness-

permeability criterion) for pooling are too dissimilar in some other catchment property such 

as urbanisation or lake/reservoir influences.  Implementation of the Volume II method of 

flood frequency estimation through the FSU Web Portal includes graphical displays called 

catchment attribute thumbnails to help the experienced user to make these judgements. 
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Appendices 
 

Appendix A Reference information 
 

Table A.1: Accounting statistics by Hydrometric Area (HA) 

 

HA 

# 

nodes 

# 

spatial 

PCDs 

# 

hydrological 

PCDs 

# 

FAI 

systems 

# 

intermediate 

nodes 

FAI 

channel 

length 

# 

FAI 

river 

segments 

# 

FAI 

lakes 

FAI 

area 

rivers 

FAI 

area 

lakes 

FAI 

area 

estuary 

km km
2
 km

2
 km

2
 

01   2396   2212   2325     6   4113   709.48   852   24   147.58   15.12 18.97 

03   1149   1010   1139     3   2722   444.24   300   44     49.72     2.87   0.00 

06   2679   2500   2618   32   6435 1056.10   687   64   227.12   10.52   5.86 

07   4913   4842   4849     8 11793 1903.06 1277   53   591.45   18.43   3.40 

08   1505   1486   1493   17   3417   556.53   407     5   161.59     0.17   0.15 

09   2858   2776   2832   11   6369 1016.57   799   17   372.24   21.97   1.50 

10   2681   2583   2601   21   5509   909.14   845   13   179.49     7.36 18.58 

11     871     869     867   20   1784   290.63   272     4     43.88     0.03   0.00 

12   4483   4349   4349   16   9063 1482.08 1415     7   229.67     0.12   5.29 

13   1252   1222   1223   28   2586   439.14   382     0     66.51     0.00   0.95 

14   4725   4606   4630   11 11414 1787.49 1216     6   840.23     0.07   1.38 

15   4691   4578   4605     1 10948 1741.34 1250   10   508.25     0.39   1.71 

16   7212   6943   6955   10 15498 2419.49 2113   28   729.98     2.87 16.78 

17   1277   1249   1246   46   2543   432.99   409     4     60.92     0.72   1.16 

18   6605   6386   6378     8 15241 2427.94 1790   13   406.29     0.24 15.02 

19   4002   3981   3985   44   9094 1481.71 1114   20   240.14   15.09   0.00 

20   3578   3449   3435   88   7183 1175.63 1135   32   138.60     3.20   3.62 

21   5094   4819   5051 126   6723 1205.98 2052   71   148.36   25.37   1.23 

22   4525   4297   4400   63   8438 1411.90 1509   64   378.60   66.64   8.40 

23   3844   3687   3724   68   7581 1245.80 1231   20   348.43   10.28 18.64 

24   4161   4018   4041   39   9840 1641.82 1109   16   529.10     1.51 14.42 

25   8747   8570   8680     6 20747 3341.42 2308   56 1232.36 166.94   1.07 

26 10690 10305 10598   24 26244 4150.24 2694 236 1244.90 303.50   0.00 

27   2731   2622   2632   55   6036   976.72   786 119   202.25   26.17   3.59 

28   1772   1733   1737   25   3990   661.73   499   25     87.72     5.93   0.67 

29   1525   1468   1517   12   3608   573.65   402   22   171.38     9.64   0.01 

30   4782   4681   4752     8   9898 1574.60 1458 108   559.10 336.91   0.00 

31   1985   1895   1953   65   2787   511.79   786 226     63.47   55.49   0.29 

32   3515   3397   3501   90   5496   415.54 1314 112   184.02   41.80   0.01 

33   3301   3139   3220 114   5650   983.81 1173   22   174.24   23.83   1.69 

34   5948   5864   5917   23 12121 1992.53 1853 115   448.42   96.82   0.22 

35   4502   4348   4477   52   8619 1430.85 1469   61   385.79   74.18   0.00 

36   5558   5110   5319   42 12361 2039.46 1578 364   281.37 155.68   0.00 

37   2670   2555   2651   42   3536   588.85 1084   49     91.29   12.38   0.27 

38   3603   3416   3537 106   5361   946.64 1381 160   142.74   45.69   1.42 

39   2463   2368   2440   46   3962   658.29   912   19   141.86     6.79   0.51 

40   1195   1173   1193   49   2080   371.74   422     2     91.60     0.22   0.00 

Σ = 139488 134506 136870 1425 290790 46997 42283 2211 11901 1565 147 

%  100.00    96.43    98.12         
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Table A.2: Node attribute table 

One node shapefile per Hydrometric Area, e.g. NODE_09.shp 

[Subcatchment polygons are amalgamated into one shapefile per Hydrometric Area, 

e.g. Ungauged_09.shp for HA 9] 

Field Example Note Section 

rwseg_cd 08_206 River segment code  

node_id 08_206_1 Node ID  

node_east 314057 Easting  

node_north 274126 Northing  

pour_east 314063 Easting of equivalent point on hDTM (i.e. of pour point)  

pour_north 274123 
Northing of equivalent point on hDTM (i.e. of pour 

point) 
 

meas_along 1712.59 
Distance (from upstream end to node) along river 

segment 
 

node_hydro done 
[GIS processing flag pointing to status of Hydrological 

PCD analysis] 
 

node_catch poly Valid values are Poly, Mod Poly or FF 2.3.5 

poly_area 1.008 Node catchment area in km
2
  

Is_FARL Y 
Flag to indicate if node also represents lake outlet – 

needed for FARL descriptor 
2.6.7 

copy_stat merged [GIS processing flag]  

xsect xsect [GIS processing flag]  

OSi_elev 12.649 OSi DEM elevation at node 3.4.1 

med_elev 12.649 Median OSi DEM elevation adjacent to node 3.4.2 

back_elev 12.649 Backwatering adjusted DEM elevation assigned to node 3.4.4 

feature river 

Line Type Identifier for parent river segment of node: 

RIVER [standard river line] 

BHWM [estuary line below mean high-water spring] 

BIFF [bifurcation or loop segment, NI cross-border zone 

only] 

 

width 200 FAI analysis: Full cross-sectional width assoc. with node 3.5 

L_width 110 FAI analysis: LH cross-sectional width assoc. with node 3.5 

R_width 90 FAI analysis: RH cross-sectional width assoc. with node 3.5 
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Table A.3: River attribute table 

One river segment shapefile per hydrometric area.  

Rivers dataset geometry provided by EPA from WFD geo-database 

e.g. RWSEG_06_NET.shp 

Field Example Note 

rwb_cd  EPA WFD River Waterbody Code (if applicable) 

seg_cd GBNI9901843 EPA national River Segment Class code 

Name Muff River OSi River Name (if named) 

Length 1682.21 Length metres 

Order 1 Strahler (1964) stream order number 

lwseg_cd  Lake code - Lake connector-lines only (see Feature field) 

lwlink_cd  Lake-connector lines only (see Feature field) 

Feature river 

Line Type Identifier: 

RIVER [standard river line] 

LINK or TOP LINK [connector-line through lake] 

BHWM [estuary line below mean high-water spring] 

BIFF [bifurcation or loop segment, NI cross-border zone 

only] 

Net_Shreve 1 Shreve (1966) stream link magnitude 

Is_ROI 01 
Flag to indicate if stream within or along RoI border 

[Cross-border Hydrometric Areas only] 

Is_NI No 
Flag to indicate if stream within or along NI border 

[Cross-border Hydrometric Areas only] 

pour_stat Pourpt 
[internal GIS flag to indicate status of river segment in terms 

of delineating subcatchments] 

flood_stat N.A. 
Flag to indicate if FAI flood polygon developed for river 

segment 

system_cd 11_66 

Code of river system outlet river segment [used to integrate 

all upstream river segment FAI pieces to single river system 

FAI polygon] 

OPW_hydrol N.A. [internal GIS processing flag] 

OPW_outlet Y 
Flag to indicate if river segment is d/s outlet of river 

catchment (i.e. at sea) 
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Appendix B Hydrological PCDs: Example of data table 
 

Table B.1: Gauged nodes: Gauged_Hydrol_090109.dbf 

Field 
Sample 

value 
Description Notes 

STATION_NU 01041 Station number  

WATERBODY DEELE Water-body  

LOCATION 
SANDY 

MILLS 
Station location  

ORG EPA Organisation responsible  

AREA 116.18 Catchment area (km
2
)  

MSL 32.632 Main-stream length (km)  
Based on longest path distance to 

source 

NETLEN 171.012 Length of stream network (km)  

STMFRQ 251 
Number of stream segments in 

river network 

Differs from FSR definition 

(which is streams per km
2
) 

DRAIND 1.472 
NETLEN / POLY_AREA 

(km/km
2
) 

 

S1085 7.065 

Slope of main-stream channel 

excluding bottom 10% and top 

15% of length (m/km) 

 

ARTDRAIN 0.0000 
Proportion of catchment area 

benefitting from arter
l
 drainage 

Source dataset: 

benefit_scheme_v1 

ARTDR_AREA 0 
Area of catchment benefitting 

from arterial drainage (m
2
) 

  

ARTDRAIN2 0.0447 

Proportion of river network  

included in OPW arterial 

drainage schemes 

Source dataset: 

channels_scheme_v1 

ARTDR_LEN 7.65 

Length of river network included 

in OPW arterial drainage 

schemes (km) 

 

TAYSLO 3.027 
Taylor-Schwarz channel slope 

(m/km)   

Specially weighted slope of 500-

metre sub-lengths of main 

channel  

FARL 0.798 
Flood Attenuation by Reservoirs 

and Lakes (-) 
 

POLY_AREA 116.18 Catchment area (km
2
) Area of GIS catchment polygon 

GAUGE_X 227307 Gauge location easting (m)  

GAUGE_Y 399030 Gauge location northing (m)  

RWSEG_CD 01_1540 
EPA river network code of 

segment at gauge site 
 

TOP_RWSEG 01_307 
EPA river network code of 

headwater source segment 

Points to most-upstream river 

segment (helps with MSL) 

IS_STAGE2 Y Y if station in FSU analysis  

TAY_STAT done [GIS processing flag]  

HA 01 Hydrometric Area number  
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Appendix C Spatial PCDs: Examples of data tables  
 

Table C.1: Gauged nodes: Gauged_Spatial_issue_2102.dbf 

Field 
Sample 

value 
Description 

STATION_NU 01041 Station code 

WATERBODY DEELE Station waterbody 

LOCATION 
SANDY 

MILLS 
Station location 

CENTE 217110 Catchment centroid easting 

CENTN 401430 Catchment centroid northing 

ALTBAR 139.4 Mean Elevation (catchment) 

ALT_MIN 7.0 Min Elevation (catchment) 

ALT_MAX 366.6 Max Elevation (catchment) 

ALT_RANGE 359.6 Elevation Range (catchment) 

ALT_STD 83.6 Standard Deviation Elevation (catchment) 

SAAR 1329.37 SAAR rainfall (catchment) (1961-1990 period)  mm/year 

URBEXT 0.0086 Proportion of urban extent 

FOREST 0.1549 Proportion of forest extent 

PEAT 0.2604 Proportion of peat extent 

PASTURE 0.6337 Proportion of pasture extent 

ALLUV 0.0342 Proportion of alluvium extent 

FLATWET 0.69 Mean value of FLATWET index 

SAAPE 498.46 SAAPE(1961-1990 period) mm/year 

POLY_AREA 116.1800 Catchment area (km
2
) of GIS polygon 

URB_AREA 1001236 Urban extent (m
2
) 

PEAT_AREA 30255478 Peat extent (m
2
) 

ALLUV_AR 3971307 Alluvium extent (m
2
) 

PAST_AR 73625859 Pasture extent (m
2
) 

FOREST_AR 17995071 Forest extent (m
2
) 

FAI_PROP 0.123 Proportion of catchment occupied by FAI polygon 

IS_STAGE2 Y If station in FSU analysis 
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Table C.2: Ungauged nodes: One shapefile per HA e.g. UNGAUGED_06.dbf 

Field Example Note 

SHAPE  Subcatchment polygon to node 

NODE_ID 03_410_1 Node identification code  

DTM_AREA 1.097 Catchment area (km
2
) 

POLY_PARTS 1 [internal check sum] 

POLY_AREA 1.097 [internal check sum] 

STA_STATUS Pasture [internal GIS process status flag] 

CENTE 264940 Catchment centroid Easting (m) 

CENTN 349260 Catchment centroid Northing (m) 

ALTBAR 71.9 Catchment mean altitude (m) 

ALT_MIN 50.7 Catchment minimum altitude (m) 

ALT_MAX 104.8 Catchment maximum altitude (m) 

ALT_RANGE 54 Catchment altitude range (m) 

ALT_STD 11.5 Catchment altitude standard deviation (m) 

SAAR 977 Standard-period Average Annual Rainfall (mm) 

SAAPE 468.24 
Standard Average Annual Potential Evapotranspiration 

(mm) 

FLATWET 0.68 Mean value of FLATWET index 

URBEXT 0.0000 Proportion of urban extent 

URB_AREA 0 Urban area of catchment in m
2
 

PEAT 0.0000 Proportion of peat extent 

PEAT_AREA 0 Peat area of catchment in m
2
 

ALLUV 0.0668 Proportion of alluvium extent 

ALLUV_AR 73215 Alluvium area of catchment in m
2
 

FOREST 0.0635 Proportion of forest extent 

FOREST_AR 69636 Forest area of catchment in m
2
 

ARTDRAIN 0.0723 Proportion of “Benefitting Lands” 

ARTDR_AREA 79286 “Benefitting Lands” area of catchment in m
2
 

PASTURE 1.0000 Proportion of  pasture extent 

PASTURE_AR 1096800 Pasture area of catchment in m
2
 

FAI_CLP_AR 123 Area of catchment occupied by FAI polygon in km
2
 

FAI_PROP 0.025 Proportion of catchment occupied by FAI polygon 
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Appendix D Met Éireann hybrid SMD model 
 

 

This description is an amalgamation of edited extracts from Met Éireann accounts of the 

Hybrid SMD Model.  See also: http://www.met.ie/climate/data02.asp.  Use of the model 

became operational in Met Éireann on 18 May 2006. 

 

 

D1 Soil drainage classes 
 

Drainage is taken as the amount of water lost from the topsoil through either percolation or 

overland flow and is dependent on the soil drainage capacity.  In the new model (Schulte et 

al., 2005), three soil drainage classes – well drained, moderately drained and poorly drained – 

are defined as follows: 

 

 Well drained (WD):  Soil never saturates, remains at field capacity even on very wet 

days in winter.  Minimum SMD is zero.  When SMD > 0 mm, Actual 

Evapotranspiration (AE) is less than Potential Evapotranspiration (PE), decreasing 

linearly to zero when SMD is at a theoretical maximum of 110 mm. 

 

 Moderately drained (MD):  Soils may saturate on wet winter days, but return to 

Field Capacity on first dry day.  Minimum SMD is –10 mm.  When SMD > 0, AE is 

less than PE, decreasing linearly to zero when SMD is at a theoretical maximum of 

110 mm. 

 

 Poorly drained (PD):  Soils saturate on wet winter days, water surplus is drained at 

very slow rates, in the order of 0.5 mm per day.  Minimum SMD is –10 mm.  When 

SMD > 10 mm, AE is less than PE, decreasing linearly to zero when SMD is at a 

theoretical Maximum of 110 mm.   

 

Daily SMDs and calculated PE and AE are available for the three different soil drainage 

classes for synoptic stations.  Soil moisture deficits and surpluses are computed from the 

differences between rainfall, AE and drainage.  Soil moisture surpluses are assumed to be 

removed by drainage and surface run-off over time. 

 

D2 Soil moisture deficit (SMD) calculation 
 

The SMD is calculated as: 

          DrainETRainSMDSMD a1tt     D.1 

where: 

 

 SMDt and SMDt-1 are the SMDs on day t and day t-1 respectively (mm), 

 Rain is the daily precipitation (mm d
-1

), ETa is the daily actual evapotranspiration 

(mm d
-1

), 

 Drain is the water drained daily by percolation and/or overland flow (mm d
-1

). 

 

 

 

http://www.met.ie/climate/data02.asp


Volume IV                                                                                             Physical Catchment Descriptors 

    78 

D3 Potential (reference) evapotranspiration calculation 
 

The potential evapotranspiration (PE) is calculated according to the FAO Penman-Monteith 

Equation (Allen et al., 1998) for a reference grass crop at an assumed height of 0.12 m: 
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   D.2 

 

where: 

 PE is the potential evapotranspiration (mm d
-1

), 

 Rn is the net radiation at the crop surface (MJ m
-2 

d
-1

), 

 G is the ground heat flux density (MJ m
-2

 d
-1

), 

 T is the air temperature at 2 m height (°C), 

 u2 is the wind speed at 2 m height (m s
-1

), 

 es and ea are the saturation vapour pressure and the actual vapour pressure, 

respectively (kPa), 

 Δ is the slope of the vapour pressure curve (kPa °C
-1

), 

 γ is the psychrometric constant (kPa °C
-1

). 

 

D4 Actual Evapotranspiration (AE) 
 

For each soil drainage class, a critical Soil Moisture Deficit, SMDc, is defined.  When the 

current SMD is less than this critical value, moisture is not limiting respiration and Actual 

Evapotranspiration (AE) equals Potential Evapotranspiration (PE): 

 i.e. when SMD ≤ SMDc, AE PE  D.3 

When the current SMD is greater than this critical value, moisture available for evaporation 

becomes limited, with the result that AE is less than PE.  In this case it is assumed that AE 

decreases linearly to zero as the SMD approaches a theoretical maximum value, SMDmax. 

 i.e. when SMD > SMDc, 
cmax

1tmax

SMDSMD

SMDSMD
PEAE




    D.4 

The value of SMDc for well and moderately drained soils is zero, and 10 mm for poorly 

drained soils.  The value of SMDmax is 110 mm for all three soil drainage classes. 

 

D5 Drainage 
 

It is assumed that drainage by means of percolation and/or overland flow only occurs when 

soil moisture exceeds field capacity (i.e. SMD < 0).  The details are that: 

 

 WD soils remain at field capacity even on very wet days and are never saturated; all 

water in excess of field capacity is drained immediately. 

 MD soils carry water surpluses on wet days but return to field capacity on the first 

subsequent dry day.  This corresponds to a maximum drainage rate in excess of 

10 mm d
-1

. 

 PD soils can carry surplus water for a number of days.  Water drains at the maximum 

rate of 0.5 mm d
-1

 when SMD is –10 mm, decreasing linearly to zero when SMD is 0. 
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Appendix E Voronoi interpolation 
 

Thiessen polygons are a meteorological renaming of the tessellation devised by the Russian 

mathematician Georgy Voronoi.  To distinguish particular ways of using the tessellation, it 

helps to refer to Thiessen polygons as the nearest-gauge method and Voronoi interpolation as 

the area-stealing method.  

 

E1 Average rainfall by nearest-gauge method (Thiessen) 
 

Data from raingauges within or close to the catchment are inspected and those of good 

quality accepted into the study.  A regular grid is spread across a plan of the catchment.  Each 

grid-point within the boundary is allocated to the gauge to which it is nearest.  In some cases, 

the nearest one is outside the catchment.  Counts are kept of the number of grid-points 

allocated to each gauge. 

 

The catchment-average rainfall is formed as a weighted linear combination of the gauged 

depths.  The weights are determined as the number of grid-points (in the catchment) allocated 

to the gauge divided by the total number of grid-points in the catchment. This averaging 

scheme corresponds to the Thiessen polygon method.  Note that the surface produced from 

Thiessen polygons is a series of plateaus with sharp steps between them.  In contrast, the 

Voronoi method provides a gradually varying surface (see Figure E.1). 
 

 
 

Figure E.1: Visualisation of outputs from Thiessen and Voronoi interpolations   

 

 

E2 Rainfall mapping by area-stealing method (Voronoi) 
 

The procedure continues from above.  Rainfall is interpolated by introducing a dummy gauge 

at the grid-point for which a rainfall estimate is required. The allocation of grid-points to the 

nearest raingauge is then revisited across the region, as if the dummy gauge were real. 

 

The counts of grid-points assigned to the real gauges are reviewed.  Those that have been 

reduced by the introduction of the dummy gauge indicate the gauges relevant to interpolation 

at the subject site.  The weight pertaining to a particular gauge is reached by dividing the 

grid-point reduction (it has suffered) by the total number of such reductions wrought by 

introduction of the dummy gauge.  The weights are applied to interpolate rainfall at the 

subject site. Voronoi interpolation has been achieved. 

SAAR 
mm 

SAAR 

mm 
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If a map or catchment-average value is sought, the method is used to interpolate rainfall at 

each grid-point in turn.  Gridded values can be contoured if desired.  Voronoi interpolation 

can be used to interpolate most things, including FLATWET.  It is fairly simple to code. 
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Appendix F Further details of BFI modelling 
 

F1 Procedure for baseflow separation 
 

F1.1 Constructing the baseflow hydrograph – in summary 
 

The daily mean flow (DMF) data are grouped into blocks of 5-day non-overlapping 

consecutive periods.  The smallest value in each block is noted.  A search is made of the 

series of smallest values to identify turning points (i.e. maxima or minima).  Once the turning 

points are identified, they are joined together by straight lines to create the baseflow 

hydrograph.  Checks are made day by day.  If the baseflow hydrograph exceeds the total 

hydrograph, the separation is adjusted.   

 

F1.2 Constructing the baseflow hydrograph – in detail 
 

Step 1 Partition the DMF data into non-overlapping blocks of five days.  Note the minimum 

DMF in each block.  Label these Q1, Q2, Q3, Q4 … .  There will be 73 such values 

every (non-leap) year. 

 

Step 2 Consider the labelled flows sequentially in triplets, i.e. (Q1, Q2, Q3), (Q2 Q3, Q4), (Q3, 

Q4 Q5), … .  In each case, if 0.9 × central value is less than both of the outer values, 

the central value is marked as an ordinate for the baseflow line.  These ordinates are 

labelled QB1, QB2, QB3, QB4.  These ordinates are irregularly spaced and may be 

separated by several weeks.   

 

Step 3 The hydrograph of daily mean baseflow (DMB) on each day is constructed by linear 

interpolation between the QB1, QB2, QB3, QB4, … values. 

 

Step 4 Checks are made day by day.  If DMBi > DMFi, there is a contradiction.  Baseflow 

cannot exceed total flow.  An additional baseflow ordinate is introduced at the 

offending point, setting this equal to the total flow, i.e. QBextra = DMFi.  The 

procedure returns to Step 3. 

 

F1.3 Additional notes 
 

AN1 IH (1980) provided a worked example but there was a numerical error in Step 2. 

 

AN2 Step 4 was added by Gustard et al. (1987) after noting anomalies in the original 

procedure. 

 

AN3 Baseflow is undefined at the beginning and end of the overall data series, and at the 

beginning and end of any period of missing DMF data.  When calculating the 

baseflow index, it is important to recognise this by calculating the volumes of 

baseflow and total flow between the first and last established values of QB. 

 

AN4 There are two methods for calculating annual values of BFIs.  The first is to compute 

the baseflow separation for the entire record and then calculate BFI for each year.  

This method is explicitly recommended by Gustard et al. (1992).  The alternative is to 

construct the baseflow hydrograph separately for each year of record.  In this case, it 

is necessary to discard periods at the beginning and end of each year (see AN3). 
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F2 Evaluating BFI from daily mean flow data 
 

Preparation of BFI values was undertaken by DWRconsult.   

  

F2.1 Annual values of BFI 
 

Ideally, BFI is calculated by applying Equation 5.1 to a baseflow separation derived across a 

long period of record for which daily mean flow (DMF) data are complete.  While this 

procedure is to be favoured for baseline stations with complete data, the water management 

information system calculated BFI in yearly blocks.  This provides a series of BFIann values. 

 

Annual calculation can be helpful in a number of ways.  It provides a route to: 

 

 Deriving a representative BFI when DMF series are incomplete; 

 Testing for long-term trend; 

 Deriving an auxiliary index representing inter-year variability in baseflow.   

 

The last possibility was abandoned when defects were found in BFIann values supplied for 

years with incomplete data.    

 

F2.2 Quality control of BFIann values 
 

BFIann values were studied for 200 stations in total.  Inspection revealed that 4% of values 

were greater than 1.0, and therefore outside the valid range.  Cross-checking with DMF data 

revealed that the calculation within the water management information system had dealt 

inadequately with gaps in the DMF data.  The finding was reported and BFIann values 

scrutinised further. 

 

OPW supplied BFIann values for 143 stations.  The set included some non-FSU stations for 

which DMF data are of good quality, and excluded some FSU stations for which they are not.  

The supply indicated the number of days of valid record for each year.  [Undertaken in March 

2008, this element of work noted irregularities in the treatment of leap-days by the water 

management information system.]  Following scrutiny, it was judged prudent to discard 

BFIann values deriving from fewer than 344 days of DMF data.  This eliminated all cases 

where BFIann lay outside the valid range of 0 to 1.  Station 36027 Ballyconnel Canal East at 

Bellaheady was dropped from analysis.  [In addition to problematic BFIann values, the water-

body name, the DMFs and the annual maximum flood series all suggest that this station does 

not measure flows from a normal catchment.] The remaining 142 stations yielded 3825 

usable BFIann values, i.e. an average of 27 per station. 

 

Although EPA supplied BFIann values for 149 stations, their abstractions did not indicate the 

number of days of DMF data used in their calculation.  This limited the scope for scrutiny.   

Accordingly, BFIann values were taken forward for 57 of the 149 stations only.  These were 

stations for which flood data are explicitly analysed in FSU Volume II.  Quality control was 

necessarily simple.  Any BFIann value in the 0 to 1 range was accepted.  With only one 

supplied BFIann value in this range, Station 33070 Carrowmore at Carrowmore Lake was 

dropped from analysis.  The remaining 56 stations yielded 1178 BFIann values in the valid 

range, i.e. an average of 21 per station. 
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The dataset taken forward for analysis therefore comprised 142 + 56 = 198 catchments. 

 

F2.3 Catchment BFI taken as the median of BFIann values  
 

Analysis indicated that the median of BFIann values provided a more stable index than using 

the mean.  In consequence, catchment BFI was calculated as the median of the valid BFIann 

values. 

 

F2.4 Trend 
 

From 1961 for OPW stations, and from 1976 for EPA stations, valid BFIann values across the 

network were averaged year by year.  This enabled broad assessment of long-term variation 

in BFI.  The starting dates chosen meant that the averaging was across a minimum of 24 

gauges in each network. 
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Figure F.1: Checking for long-term trend in annual BFI values 

 

There is no trend evident in the median BFI across the OPW network.  The regression line in 

Figure F.1 has a slight upward trend but the gradient is not significantly different from zero.  

For the EPA network, the downward trend in BFI is statistically significant.   

 

The relative position of the OPW and EPA median values is not of great consequence.  The 

pattern is reversed when averaging across the network is done by the mean rather than the 

median.  However, the trend behaviour persists: none for the OPW network but a downward 

trend for the EPA stations. 

 

The trend in BFI for the EPA stations does not merit much weight.  As noted earlier, the 

quality control of BFIann values applied here was minimal for the EPA stations.  That BFIann 

values outside the valid range were three times more frequent for the EPA stations (than for 

the OPW stations) suggests that the DMF series are especially patchy.  

 

Giving due weight to the more numerous and more effectively scrutinised BFIann values from 

the OPW network, it is concluded that there is no general trend in BFI.  Hence, it is 

reasonable to use a single value to represent catchment behaviour. 
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F3 Further quality control of dataset 
 

Before modelling of BFIsoil could begin, it was necessary to identify problematic catchments 

that might unduly influence the final results.  This work was undertaken by OPW. 

 

F3.1 Cross-border catchments 
 

The GIS technique of clipping is explained in Box 2.6 of the main text.  The clipping of each 

soil drainage, soil permeability and aquifer group was accompanied by a checksum on the 

percentage of the catchment accounted for.   A checksum of 100% confirms that all is well.  

This means that the relevant GIS layers (e.g. representing the five soil drainage groups) have 

accounted for all parts of the catchment and without overlap. 

 

For six of the 198 gauged catchments, the soil (and subsoil) checksums were less than 100% 

(see Table F.1).  On inspection, it was noted that these were cross-border catchments, and 

that the geological-soil mapping did not extend into Northern Ireland.  Thus, the six 

catchments were incompletely represented and could not be used in developing the BFIsoil 

model. 

 

Table F.1: Catchments with only partial cover by SSAC descriptors 

Station number Water-body and location Checksum (%) 

06011 Fane at Moyles Mill 75.3 

06012 Fane at Clarebane 78.2 

06031 Flurry at Curralhir 23.8 

06070 Muckno Lake at Muckno 78.1 

30571 Lough Melvin at Lareen 55.0 

36015 Finn at Anlore 67.4 

 

F3.2 ESB stations 
 

The flood datasets used in the FSU are made up of stations from the OPW, the EPA, and 

ESB.  Gauged BFI values for five stations in the Lee catchment failed to materialise (see 

Table F.2).  Thus the catchments could not be used in developing the BFIsoil model. 

 

Table F.2: Lee stations with no calculated BFI values 

Station number Water-body and location Gauging authority 

19013 Lee at Iniscarra ESB 

19014 Lee at Dromcarra ESB 

19015 Shournagh at Healys bridge ESB 

19016 Bride at Ovens bridge ESB 

19031 Sullane at Macroom ESB 
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F3.3 Other catchments with problematic data 
 

A further five catchments (see Table F.3) were removed after consultation with hydrometric 

staff. 

 

Table F.3: Catchments with poor or questionable data 

Station 

number 
Water-body and location Reason for removal 

06030 Big at Ballygoly 
Small flashy catchment; some aquifer data 

missing 

15003 Dinan at Dinan bridge Subject to karst influences; extremely flashy 

29007 
Lake Cullaun at 

Craughwell 
Suspicious outlier in emerging model 

31075 
Owenboliskey at 

Shannagurraun 

Only four usable years of data (post-1980 

gaugings unreliable) 

36020 Blackwater at Killywillin 
High-flow rating of poor quality leading to 

higher than expected BFI 
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F4 Calibration dataset of 133 stations 
 

Weightings  0.264 0.538 0.524 0.262 0.281 0.286 0.370 

Station BFI 
                       Seven SSAC descriptors in final model                    

PD WD WATER M L Pu_Pl FLATWET 

01055 0.4460 0.6427 0.0231 3.5074 0.0501 1.1618 2.9468 12.6718 

03051 0.4240 3.1456 1.0374 0.4059 0.8069 2.5715 0.8506 12.4882 

06013 0.6165 1.6860 2.5926 0.1453 2.2921 1.1368 1.9195 11.0190 

06014 0.6341 1.8068 2.3653 0.3845 1.9974 0.7755 1.8150 11.3863 

06026 0.6575 2.3541 1.9697 0.3768 1.5909 1.1226 1.7008 11.3863 

06033 0.4960 3.2751 1.4871 0.0812 0.0000 2.7102 3.1486 10.8353 

07005 0.7206 0.8142 2.5134 0.2468 2.9230 0.8078 0.0686 11.2026 

07006 0.5523 2.1142 2.2837 0.1300 2.5072 0.9449 1.9565 11.2026 

07009 0.7126 0.9552 2.5931 0.2101 2.7642 0.8937 0.1816 11.0190 

07010 0.6579 2.1503 2.1667 0.8386 2.1317 0.9999 2.2660 11.3863 

07012 0.6775 1.2913 2.4830 0.3921 2.5606 0.9306 0.8158 11.2026 

07033 0.4387 4.4237 0.3083 0.7684 0.1318 2.2937 3.1140 11.7536 

07041 0.7115 0.9287 2.5410 0.2150 2.8860 0.7990 0.1750 11.0190 

08002 0.5965 2.4539 2.3476 0.0000 0.0000 2.6157 1.0768 10.2844 

08003 0.4660 3.6290 1.1783 0.0000 0.0000 3.8357 0.0000 10.1007 

08005 0.5255 0.9148 2.7671 0.0000 0.0000 3.3841 1.9959 9.9171 

08011 0.5197 2.9505 1.8786 0.0011 0.0000 3.0699 1.5671 10.2844 

08012 0.5240 3.9647 1.1094 0.0000 0.0000 3.7462 0.0000 10.1007 

09001 0.5072 4.0500 0.8615 0.0077 0.7025 3.1367 0.5885 10.2844 

09002 0.6740 1.7294 2.6738 0.0000 0.0000 3.2370 1.0848 10.1007 

09010 0.5610 1.2969 1.5550 0.1667 0.6483 1.6624 1.9725 9.9171 

09011 0.5630 0.5679 1.2055 0.0000 0.3862 2.8058 2.9933 9.9171 

10002 0.5380 2.2330 1.2489 0.5660 0.6204 0.0008 1.3344 9.9171 

10021 0.6535 0.5974 2.7711 0.0000 2.0439 0.8294 3.0766 9.9171 

10022 0.6000 0.4900 2.7804 0.0000 2.3475 0.4704 3.1575 9.9171 

11001 0.5002 2.5230 2.1887 0.0000 0.2893 2.8354 1.5684 9.9171 

12001 0.7161 1.3159 2.9940 0.0027 2.2949 0.0991 1.2996 9.9171 

12013 0.7430 1.7551 2.4090 0.0132 1.6758 0.1538 1.2681 9.9171 

13002 0.7330 1.3526 3.1488 0.0000 0.3026 2.3878 0.3385 10.2844 

14006 0.5712 1.2734 1.2842 0.0170 2.0711 1.4576 0.1187 10.6517 

14007 0.6417 1.7492 2.5516 0.0000 2.0308 0.1255 0.6657 10.4680 

14011 0.6000 0.5799 1.9330 0.0154 2.0339 0.9034 0.1796 10.2844 

14018 0.6653 1.3022 2.0663 0.0110 2.1835 0.8346 0.5305 10.4680 

14029 0.6878 1.3609 2.1600 0.0099 2.0803 0.7642 0.6126 10.4680 

14033 0.4540 3.0322 0.3787 0.0718 2.3944 1.1253 0.3397 10.8353 
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Weightings  0.264 0.538 0.524 0.262 0.281 0.286 0.370 

Station BFI 
                       Seven SSAC descriptors in final model                    

PD WD WATER M L Pu_Pl FLATWET 

15001 0.5143 2.4624 2.2017 0.0000 1.5771 1.1245 0.7788 10.6517 

15005 0.7122 1.2347 2.6608 0.0170 2.2967 0.2945 0.1062 10.8353 

15006 0.6332 2.0067 2.2775 0.0093 1.4886 0.5718 0.8866 10.6517 

15012 0.6820 1.7273 2.1182 0.0170 2.1864 0.4355 0.4743 10.8353 

16001 0.6058 0.5686 1.9045 0.0000 0.1123 1.7488 0.1229 10.6517 

16003 0.5495 1.6015 2.6546 0.0044 0.2842 0.1417 1.3090 10.8353 

16004 0.5786 1.3592 2.4591 0.0115 0.2176 0.6054 0.2681 10.8353 

16005 0.5600 2.6724 1.9778 0.0000 0.2488 0.0813 1.1868 10.8353 

16006 0.5868 1.9794 2.5958 0.0000 0.1108 0.0496 1.2585 10.8353 

16007 0.5777 1.9889 2.4736 0.0335 0.1976 0.6361 0.0863 11.0190 

16008 0.6351 1.3093 2.5992 0.0038 0.2213 0.5033 0.5658 10.8353 

16009 0.6307 1.3527 2.7060 0.0121 0.2132 0.6176 0.4144 10.8353 

16011 0.6695 1.6394 2.5398 0.0137 0.2451 0.6053 0.3266 10.8353 

16012 0.6277 2.8903 1.8219 0.0066 0.2163 0.2706 0.0721 11.0190 

16013 0.5392 2.7784 1.4183 0.0609 0.7962 0.0000 0.0132 10.6517 

16051 0.6761 0.7406 2.1417 0.0000 0.1454 1.3776 0.0000 10.6517 

18001 0.6393 0.1791 4.1420 0.0000 2.6363 0.0045 0.0304 11.3863 

18005 0.7069 1.3887 3.1048 0.0016 1.3274 1.6490 0.0410 11.2026 

18006 0.5005 2.7063 1.5374 0.0033 0.1665 2.4290 0.1038 11.5699 

18048 0.4630 2.7643 1.3845 0.0038 0.1533 2.4460 0.0914 11.7536 

18050 0.4060 2.8929 0.5348 0.0088 0.1328 3.3038 0.0041 11.7536 

19001 0.6396 0.8097 3.4672 0.0000 2.1723 0.4535 0.0000 12.1209 

19020 0.6640 0.0747 4.3158 0.0000 2.9992 0.0000 0.0000 11.5699 

20002 0.5261 1.5658 2.8257 0.0932 0.6913 0.3954 0.7159 12.3045 

20006 0.6470 0.7677 3.3972 0.0444 0.3191 1.7284 0.5110 12.3045 

22003 0.4644 2.4100 1.3044 0.0022 0.4979 2.4713 0.0844 11.7536 

22006 0.3884 2.2690 0.7401 0.5600 0.1595 1.0909 0.0338 12.1209 

22009 0.6011 0.8922 2.5639 0.1097 0.3046 2.7503 0.0000 12.1209 

22035 0.6368 2.3835 0.7726 2.8246 0.1590 0.8314 0.0199 12.3045 

22071 0.6442 2.3860 0.7672 2.8344 0.1567 0.8343 0.0200 12.3045 

23001 0.3219 3.3547 0.1143 0.0000 0.1495 3.1056 0.0205 11.3863 

23002 0.3117 3.0247 0.3822 0.0000 0.0088 1.5536 0.0359 11.5699 

23012 0.4647 3.1124 1.0623 0.0033 0.0401 0.2190 0.1498 11.7536 

24001 0.5237 2.2199 2.2432 0.0740 1.5915 1.1601 0.1146 11.0190 

24004 0.4816 2.6245 2.0636 0.0247 0.9609 1.8982 0.2508 11.2026 

24008 0.5350 2.1737 2.2782 0.0735 1.6982 1.1085 0.1095 11.0190 
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Weightings  0.264 0.538 0.524 0.262 0.281 0.286 0.370 

Station BFI 
                       Seven SSAC descriptors in final model                    

PD WD WATER M L Pu_Pl FLATWET 

24011 0.4328 3.6268 1.3645 0.0000 0.0562 2.8728 0.1260 11.2026 

24012 0.4257 3.3807 1.5115 0.0000 0.1843 2.4499 0.1716 11.2026 

24013 0.4080 3.1237 1.6414 0.0000 0.7602 2.0875 0.1746 11.2026 

24022 0.5340 1.5560 2.7068 0.0000 0.7674 0.7189 0.2991 11.0190 

24030 0.5260 3.5569 1.4240 0.0000 0.0484 3.0301 0.1369 11.2026 

24082 0.5179 2.2333 2.2327 0.0746 1.5701 1.1713 0.1157 11.0190 

25001 0.5185 2.5405 1.5761 0.0066 0.3030 1.0377 1.2392 10.8353 

25003 0.4966 2.4241 1.8121 0.0060 0.1141 1.3741 1.1211 10.8353 

25006 0.7083 0.8981 2.0919 0.6653 2.1542 1.1199 0.0305 11.5699 

25011 0.7661 0.8989 2.0964 0.6653 2.1592 1.1133 0.0301 11.5699 

25014 0.6705 1.3142 1.8334 0.0000 1.6989 1.0269 0.1913 11.3863 

25016 0.6094 1.3594 1.8112 0.1229 2.2816 1.1273 0.0147 11.2026 

25022 0.6244 1.5481 2.0938 0.0000 1.8287 0.4287 0.5976 11.2026 

25025 0.7301 0.6502 2.8576 0.0477 2.3501 0.9290 0.0726 11.0190 

25027 0.6511 0.6905 3.3763 0.0000 1.9584 0.1714 1.6679 10.8353 

25030 0.5415 1.8711 1.0208 1.1024 1.3085 1.2684 2.4524 11.2026 

25038 0.6040 0.7419 3.2899 0.0137 0.7090 0.0239 2.4004 10.8353 

25040 0.6410 1.9878 2.1724 0.0000 0.2831 0.7128 0.3046 11.0190 

25044 0.5830 1.5860 2.6117 0.0000 0.2648 0.1205 1.2970 10.8353 

25124 0.8700 0.6796 2.6871 3.3692 2.9917 0.6540 0.0000 11.9372 

25158 0.6140 2.6945 1.5422 0.0000 0.0237 1.1562 2.8351 10.8353 

26002 0.6054 1.5450 1.5159 0.2841 0.9704 2.0497 0.0011 12.6718 

26005 0.5595 1.5173 1.5707 0.2320 1.1023 2.1083 0.0006 12.4882 

26007 0.6529 1.4267 1.6186 0.2123 1.1720 1.9494 0.0006 12.4882 

26008 0.6111 3.0517 0.3402 1.1594 0.0001 2.9860 0.8079 12.4882 

26012 0.7867 2.6541 0.3706 1.7962 0.0237 2.2132 0.3645 13.0391 

26014 0.5706 2.6042 0.3459 1.2796 0.0458 2.4825 0.3800 13.2228 

26018 0.7212 4.4342 0.0117 1.1748 2.1710 1.1204 0.0000 12.6718 

26019 0.5368 1.5406 2.0556 0.0932 0.4800 1.0879 0.4883 12.3045 

26022 0.5792 1.2984 1.6919 0.0000 1.5978 1.3610 0.0031 12.3045 

26059 0.9100 1.8753 2.1109 4.0120 1.4604 0.9046 1.2647 12.1209 

26108 0.7252 2.6328 0.4084 1.7710 0.0233 2.2075 0.3594 13.0391 

27001 0.2843 2.6754 0.6957 0.0713 0.0000 1.9642 0.0000 11.2026 

27002 0.6970 0.9937 3.0225 1.1035 0.9871 0.4160 0.2932 11.3863 

27070 0.6305 0.9681 3.3299 0.4218 0.3345 0.6551 0.2543 11.3863 

28001 0.2896 3.1994 0.3484 0.3697 0.0444 2.0087 0.0000 11.3863 
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Weightings  0.264 0.538 0.524 0.262 0.281 0.286 0.370 

Station BFI 
                       Seven SSAC descriptors in final model                    

PD WD WATER M L Pu_Pl FLATWET 

29004 0.6156 0.4394 3.3984 0.0154 0.8683 0.6769 0.0000 11.9372 

30004 0.6062 0.9420 2.1139 0.2611 1.9000 1.5039 0.0006 12.6718 

30007 0.6455 0.9719 2.0858 0.2962 1.4077 1.9948 0.0009 12.8555 

30012 0.5390 0.7775 2.5628 0.1755 1.7577 1.1528 0.0004 12.4882 

30020 0.6840 1.5278 1.5097 0.0285 0.0589 1.5045 0.0000 13.2228 

30061 0.7791 1.0103 2.1280 4.9093 1.4291 0.7075 0.5685 12.4882 

31002 0.5290 0.3235 0.0115 3.8008 1.2299 0.0000 2.9618 11.9372 

31072 0.5100 2.2090 0.0299 3.9275 0.0000 1.2055 2.9352 12.1209 

32011 0.2730 3.0717 0.2868 0.1174 0.1063 1.2328 3.1525 12.6718 

32012 0.5945 3.8248 0.0533 1.6229 0.1087 0.9832 1.3349 13.2228 

33001 0.2850 0.5355 0.0033 0.1322 0.1040 3.1782 2.9076 13.4064 

34003 0.7965 2.0174 1.0830 2.1373 1.1182 1.5099 0.8138 13.4064 

34007 0.3254 1.1070 0.2475 0.3071 0.0701 2.8783 1.7917 13.4064 

34009 0.3989 1.8801 0.3073 0.0016 0.0459 2.3569 0.6409 13.4064 

34018 0.6579 2.8731 0.9935 1.9410 0.9122 0.7405 0.4700 13.2228 

34029 0.3670 1.2623 0.7891 0.2539 0.8919 2.2604 1.2010 13.4064 

35001 0.5981 0.9394 1.8708 0.4009 0.5796 2.4633 0.1310 13.2228 

35005 0.6086 1.0430 1.8843 1.3640 0.4244 2.4948 0.4245 13.0391 

35011 0.4212 2.8075 0.5198 0.5194 0.0005 2.5926 0.9670 12.8555 

36018 0.6915 3.4545 1.0688 1.3569 0.0048 2.3758 3.0684 12.1209 

36019 0.7865 3.5840 0.8829 1.8708 0.0656 2.3394 2.6679 12.3045 

36021 0.2698 2.6944 0.0033 0.0362 0.0000 3.5188 2.3703 12.6718 

36031 0.4810 4.1997 0.6018 0.4190 0.0459 1.9259 2.7665 12.3045 

36071 0.5263 2.9139 0.2374 1.5949 0.0000 2.9802 0.8657 12.8555 

38001 0.2849 1.7117 0.0600 0.9368 0.1445 0.4862 3.1140 12.8555 

39001 0.2975 2.2298 0.3104 0.0000 0.1052 0.5281 3.1575 12.8555 
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F5 Validation dataset of 33 stations 
 

Weightings  0.264 0.538  Wm 0.262 0.281 0.286 0.370  Wm 

Station BFI 
                     Seven SSAC descriptors in final model                

BFIsoil 
PD WD WATER M L Pu_Pl FLATWET 

34024 0.5210 2.1444 1.1051 0.3823 2.2355 1.4881 0.1320 13.4064 0.5543 

08007 0.4115 4.2331 0.6647 0.0000 0.0000 3.8872 0.0000 10.1007 0.4715 

25034 0.7590 0.5042 3.7198 0.0000 3.1783 0.2317 0.0000 11.9372 0.6538 

30037 0.5522 1.3370 2.2912 0.2073 3.1300 0.8877 0.0000 13.0391 0.6189 

34001 0.7762 2.0306 1.0994 2.0216 1.0987 1.4556 0.8981 13.4064 0.7606 

25005 0.4740 2.2788 2.1157 0.0000 0.1482 1.1607 0.5593 10.8353 0.5782 

18002 0.6220 1.9518 2.3940 0.0269 0.5377 1.9181 0.0994 11.3863 0.5435 

07002 0.7803 0.5498 2.7754 1.1040 2.7075 0.8182 0.0505 11.7536 0.7150 

29071 0.5510 2.1130 0.3859 1.9388 0.1374 2.8095 2.5260 11.3863 0.6070 

18004 0.6847 1.9224 2.5599 0.0280 0.2655 2.7291 0.2764 11.2026 0.6130 

30005 0.5637 1.2820 2.3078 0.1717 3.1162 0.9286 0.0000 13.0391 0.6183 

35002 0.4219 0.7917 1.3811 0.1591 0.9453 2.3501 1.7980 13.2228 0.5377 

14005 0.5012 2.0488 1.1894 0.0159 2.5319 0.7998 0.2218 10.8353 0.5951 

10004 0.4360 2.5422 0.1988 0.2293 0.0000 0.0000 1.7081   9.9171 0.4782 

26021 0.8276 1.0186 2.3670 2.0666 1.5055 0.9190 0.3193 12.1209 0.7276 

30021 0.5500 1.5410 1.9791 0.2166 2.9120 1.0576 0.0000 13.2228 0.6040 

29011 0.6332 1.0706 2.6199 0.4947 0.9242 1.5403 0.0000 11.7536 0.6614 

25023 0.6539 1.2010 2.5786 0.0000 2.1718 0.6996 0.3016 11.0190 0.7167 

07004 0.6186 3.8035 0.6546 2.0798 0.5191 2.0229 3.0298 11.7536 0.6534 

26058 0.7730 0.7187 3.4729 0.1185 3.2765 0.0851 0.3807 11.9372 0.6717 

36011 0.7850 2.5324 1.4538 2.3096 0.1005 1.9354 2.7903 12.3045 0.7084 

16002 0.6339 1.0170 2.3876 0.0055 0.1900 0.9409 0.1604 10.8353 0.6325 

10028 0.7880 1.8618 2.5331 0.0000 0.9232 0.0289 1.0787   9.9171 0.6456 

07003 0.6487 1.4404 1.9743 0.0000 2.4924 1.1081 0.0844 10.4680 0.6519 

25029 0.5784 0.6769 3.3175 0.0537 1.4966 0.1176 1.7936 10.8353 0.6306 

26006 0.5404 2.1278 0.5553 0.4300 0.2651 2.8598 0.0000 13.0391 0.4334 

18016 0.3505 2.5666 0.3752 0.0000 0.1175 3.6118 0.0087 11.7536 0.3492 

07001 0.6998 0.8582 3.4219 0.0400 3.7605 0.0395 0.2439 11.2026 0.6764 

14009 0.6667 0.6493 1.5998 0.0998 1.5989 1.8781 0.0000 10.8353 0.6094 

21001 0.5440 3.5593 0.0417 5.7084 0.0048 0.7289 0.0785 13.2228 0.6037 

01041 0.3848 2.9570 0.7533 0.1124 0.7548 0.2591 1.8861 12.6718 0.3717 

09035 0.6730 0.8755 2.5016 0.0000 0.0000 2.8575 1.0697 10.1007 0.6109 

14019 0.6240 1.2461 1.7137 0.0143 2.2339 1.0572 0.1734 10.6517 0.6257 
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F6 BFI and BFIsoil values for 166 gauged catchments 
 

Station 

number 
BFI BFIsoil  

Station 

number 
BFI BFIsoil  

Station 

number 
BFI BFIsoil 

           
01041 0.385 0.379  09035 0.673 0.612  16006 0.587 0.591 

01055 0.446 0.508  10002 0.538 0.516  16007 0.578 0.631 

03051 0.424 0.472  10004 0.436 0.517  16008 0.635 0.620 

06013 0.617 0.622  10021 0.653 0.646  16009 0.631 0.619 

06014 0.634 0.626  10022 0.600 0.660  16011 0.669 0.608 

06026 0.657 0.619  10028 0.788 0.695  16012 0.628 0.529 

06033 0.496 0.557  11001 0.500 0.597  16013 0.539 0.531 

07001 0.700 0.726  12001 0.716 0.691  16051 0.676 0.593 

07002 0.780 0.718  12013 0.743 0.707  18001 0.639 0.697 

07003 0.649 0.650  13002 0.733 0.657  18002 0.622 0.607 

07004 0.619 0.652  14005 0.501 0.587  18004 0.685 0.608 

07005 0.721 0.702  14006 0.571 0.602  18005 0.707 0.645 

07006 0.552 0.644  14007 0.642 0.646  18006 0.500 0.462 

07009 0.713 0.708  14009 0.667 0.613  18016 0.350 0.348 

07010 0.658 0.624  14011 0.600 0.660  18048 0.463 0.474 

07012 0.677 0.689  14018 0.665 0.660  18050 0.406 0.323 

07033 0.439 0.525  14019 0.624 0.632  19001 0.640 0.684 

07041 0.712 0.705  14029 0.688 0.653  19020 0.664 0.687 

08002 0.597 0.579  14033 0.454 0.441  20002 0.526 0.592 

08003 0.466 0.501  15001 0.514 0.616  20006 0.647 0.600 

08005 0.525 0.637  15005 0.712 0.689  21001 0.544 0.601 

08007 0.411 0.470  15006 0.633 0.616  22003 0.464 0.471 

08011 0.520 0.535  15012 0.682 0.611  22006 0.388 0.414 

08012 0.524 0.465  16001 0.606 0.616  22009 0.601 0.575 

09001 0.507 0.439  16002 0.634 0.620  22035 0.637 0.645 

09002 0.674 0.613  16003 0.549 0.595  22071 0.644 0.638 

09010 0.561 0.530  16004 0.579 0.637  23001 0.322 0.328 

09011 0.563 0.548  16005 0.560 0.542  23002 0.312 0.325 

23012 0.465 0.427  25158 0.614 0.514  30037 0.552 0.566 

24001 0.524 0.527  26002 0.605 0.604  30061 0.779 0.814 

24004 0.482 0.521  26005 0.560 0.627  31002 0.529 0.503 

24008 0.535 0.546  26006 0.540 0.488  31072 0.510 0.507 
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Station 

number 
BFI BFIsoil  

Station 

number 
BFI BFIsoil  

Station 

number 
BFI BFIsoil 

           
24011 0.433 0.489  26007 0.653 0.579  32011 0.273 0.337 

24012 0.426 0.469  26008 0.611 0.589  32012 0.595 0.645 

24013 0.408 0.469  26012 0.787 0.686  33001 0.285 0.294 

24022 0.534 0.620  26014 0.571 0.634  34001 0.776 0.763 

24030 0.526 0.437  26018 0.721 0.649  34003 0.796 0.747 

24082 0.518 0.531  26019 0.537 0.600  34007 0.325 0.349 

25001 0.518 0.513  26021 0.828 0.751  34009 0.399 0.443 

25003 0.497 0.550  26022 0.579 0.598  34018 0.658 0.750 

25005 0.474 0.588  26058 0.773 0.697  34024 0.521 0.522 

25006 0.708 0.762  26059 0.910 0.788  34029 0.367 0.419 

25011 0.766 0.707  26108 0.725 0.733  35001 0.598 0.640 

25014 0.670 0.641  27001 0.284 0.331  35002 0.422 0.523 

25016 0.609 0.662  27002 0.697 0.652  35005 0.609 0.617 

25022 0.624 0.589  27070 0.630 0.642  35011 0.421 0.534 

25023 0.654 0.710  28001 0.290 0.329  36011 0.785 0.657 

25025 0.730 0.701  29004 0.616 0.631  36018 0.692 0.651 

25027 0.651 0.620  29011 0.633 0.626  36019 0.786 0.630 

25029 0.578 0.618  29071 0.551 0.565  36021 0.270 0.330 

25030 0.541 0.592  30004 0.606 0.602  36031 0.481 0.497 

25034 0.759 0.698  30005 0.564 0.556  36071 0.526 0.644 

25038 0.604 0.591  30007 0.645 0.605  38001 0.285 0.313 

25040 0.641 0.576  30012 0.539 0.593  39001 0.297 0.320 

25044 0.583 0.575  30020 0.684 0.610     

25124 0.870 0.807  30021 0.550 0.573     
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F7 Spreadsheet – values shown correspond to final model  
 

 

 

          rrrr                     1 2 3 4 5 …….. ……. 165 166 

          Site no.Site no.Site no.Site no.    01041010410104101041    01055010550105501055    03051030510305103051    06013060130601306013    …….…….…….…….    …….…….…….…….    …….…….…….…….    38001380013800138001    39001390013900139001    

          BFIBFIBFIBFI    0.3850.3850.3850.385    0.4460.4460.4460.446    0.4240.4240.4240.424    0.6170.6170.6170.617    ……….……….……….……….    ……….……….……….……….    ……….……….……….……….    0.2850.2850.2850.285    0.2980.2980.2980.298    

    PDPDPDPD    2.957 0.643 3.146 1.686 ………. ………. ………. 1.712 2.230 

    WDWDWDWD    0.753 0.023 1.037 2.593 ………. ………. ………. 0.060 0.310 

 

These are the seven SSAC 

descriptors for the 166 gauged 

catchments after standardisation 
   WATERWATERWATERWATER    0.112 3.507 0.406 0.145 ………. ………. ………. 0.937 0.000 

          MMMM    0.755 0.050 0.807 2.292 ………. ………. ………. 0.144 0.105 

          LLLL    0.259 1.162 2.571 1.137 ………. ………. ………. 0.486 0.528 

          PuPuPuPu____PlPlPlPl    1.886 2.947 0.851 1.920 ………. ………. ………. 3.114 3.157 

          FLATWETFLATWETFLATWETFLATWET    12.672 12.672 12.488 11.019 ………. ………. ………. 12.855 12.855 

                         NSE = 0.81 

                       

Weightings, Wm� 0.1540.1540.1540.154    0.5980.5980.5980.598    0.3430.3430.3430.343    0.2730.2730.2730.273    0.1540.1540.1540.154    0.2900.2900.2900.290    0.5640.5640.5640.564     Weighted Euclidean distances  Gauged BFIs of the five nearest catchments 

    rrrr Site no.Site no.Site no.Site no.    BFIBFIBFIBFI    PDPDPDPD    WDWDWDWD    WATERWATERWATERWATER    MMMM    LLLL    PuPuPuPu____PlPlPlPl    
FLATFLATFLATFLAT----

WETWETWETWET    
 01041010410104101041    01055010550105501055    03051030510305103051    06013060130601306013    ………………………………    ………………………………    ………………………………    38001380013800138001    39001390013900139001        ClosestClosestClosestClosest    2222ndndndnd closest closest closest closest    3333rdrdrdrd closest closest closest closest    

4444thththth        

closestclosestclosestclosest    
5555thththth closest closest closest closest    BFIBFIBFIBFIsoilsoilsoilsoil    

1111    01041010410104101041    0.3850.3850.3850.385    2.957 0.753 0.112 0.755 0.259 1.886 
12.672 

    0.000 1.352 0.517 1.520 ………. ………. ………. 0.675 0.514  0.298 0.273 0.481 0.424 0.421 0.379 

2222    01055010550105501055    0.4460.4460.4460.446    0.643 0.023 3.507 0.050 1.162 2.947 12.672     1.352 0.000 1.457 2.248 ………. ………. ………. 0.912 1.251  0.510 0.530 0.444 0.285 0.786 0.508 

3333    03051030510305103051    0.4240.4240.4240.424    3.146 1.037 0.406 0.807 2.571 0.851 
12.488 

    0.517 1.457 0.000 1.386 ………. ………. ………. 1.017 0.925  0.421 0.605 0.388 0.550 0.384 0.472 

4444    06013060130601306013    0.6170.6170.6170.617    1.686 2.593 0.145 2.292 1.137 1.920 11.019     1.520 2.248 1.386 0.000 ………. ………. ………. 1.979 1.855  0.552 0.634 0.678 0.658 0.633 0.622 

…………    …….…….…….…….    ……..……..……..……..    ……… ………. ………. …… ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. …… ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. … ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. … ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. … ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. ……. ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

………… …….…….…….…….    ……..……..……..……..    ……… ………. ………. … ………. ………. ……….     ………. ………. ………. ………. ………. ………. ………. ………. ……….  ……… ………… ……… ………… ………… ……. 

165165165165    38001380013800138001    0.2850.2850.2850.285    1.712 0.060 0.937 0.144 0.486 3.114 12.855     0.675 0.912 1.017 1.979 ………. ………. ………. 0.000 0.364  0.298 0.273 0.285 0.2698 0.481 0.313 

166166166166    39001390013900139001    0.2980.2980.2980.298    2.230 0.310 0.000 0.105 0.528 3.157 12.855     0.514 1.251 0.925 1.855 ………. ………. ………. 0.364 0.000  0.273 0.285 0.384 0.481 0.2698 0.320 

                                                

                               

                    

These are the weighted Euclidean 

distances between stations.   

The more hydrologically similar the 

catchments, the smaller the weighted 

Euclidean distance between them. 

   

BFIsoil is calculated using 

inverse distance weighting 

of BFI from five closest (most-

similar) catchments  

 


