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Disclaimer

The Flood Estimation Handbook and related software offer guidance to those engaged in rainfall
and flood frequency estimation in the UK. The Centre for Ecology & Hydrology  (CEH) will  maintain a
list of FEH errata/corrigenda accessible via the CEH website at www.ceh.ac.uk/feh and readers are
encouraged to report suspected errors to CEH.

Your use of the Flood Estimation Handbook is at your own risk. Please read any warnings given about
the limitations of the information.

CEH gives no warranty as to the quality or accuracy of the information or its suitability for any use. All
implied conditions relating to the quality or suitability of the information, and all liabilities arising from
the supply of the information (including any liability arising in negligence) are excluded to the fullest
extent permitted by law.

The appearance of the names of organisations sponsoring the research and its implementation does
not signify official endorsement of any aspect of the Flood Estimation Handbook. Neither the named
authors nor the Centre for Ecology & Hydrology nor its parent body have approved any instruction that
use of Flood Estimation Handbook procedures be made mandatory for particular applications.

Cross- referencing

Cross-references to other parts of the Handbook are usually abbreviated. They are
indicated by the relevant volume number preceding the chapter, sect ion or sub-sect ion
number, with the volume number in bold (e.g.  4  2.2 refers to Section 2.2 of Volume 4).
Cross-references convent ionally prefixed by Chapter, Sect ion or § are to the current
volume.

The Flood Estimation Handbook should be cited as:
Inst itute of Hydrology (1999) Flood Est imation Handbook (f ive volumes).
Centre for Ecology & Hydrology.

This volume should be cited as:
Bayliss,  A.  C. (1999) Catchmen t descriptors. Volume 5 of the Flood Est imation Handbook.
Centre for Ecology & Hydrology.
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Notation

Notation
The following are the main symbols and abbreviations used throughout this volume
of the Flood Estimation Handbook. Other symbols have just a local meaning and
are defined where they occur. All the units are metric unless otherwise stated

AREA
ALTBAR
ASPBAR
ASPVAR
BFI
BFIHOST
CORINE
DANI
DPLBAR

DPSBAR
DTM
FARL
FEH
FEH CD-ROM

FSR
HOST
IH
IHDTM
ITE
LAKE
LCMGB
LDP
MORECS
MSL
NERC
NGR
OS
OSNI
POT
PROPWET
RITE
RMED
RMED-1D
RMED-2D
RMED-lH
SAAR
SAAR,-
SEPA
SMD
SMDBAR
SOIL
SPR

Catchment drainage area (km2)

Mean catchment altitude (m above sea level)
Index representing the dominant aspect of catchment slopes
Index describing the invariability in aspect of catchment slopes
Baseflow index
Base flow index derived using the HOST classification
Co-ordination of information on the environment
Department of Agriculture Northern Ireland
Index describing catchment size and drainage path
configuration (km)
Index of catchment steepness (m/ km)
Digital terrain model
Index of flood attenuation due to reservoirs and lakes
Flood Estimation Handbook
A software package of particular relevance to the use of
Volumes 2 and 5
Flood Studies Report
Hydrology of soil types classification
Institute of Hydrology
Institute of Hydrology digital terrain model
Institute of Terrestrial Ecology
FSR index of flood attenuation
ITE land cover map of Great Britain
Longest d rainage path (km)
Met. Office rainfall and evaporation calculation system
FSR catchment characteristic describing main stream length
Natural Environment Research Council
National grid reference
Ordnance Survey
Ordnance Survey Northern Ireland
Peaks-over-threshold
Index of proportion of time that soils are wet
ITE land cover data that has been refined at IH
Median annual maximum rainfall (mm)
Median annual maximum 1-day rainfall (mm)
Median annual maximum 2-day rainfall (mm)
Median annual maximum 1-hour rainfall (mm)
1961-90 standard-period average annual rainf all (mm)
1941-70 standard-period average annual rainfall (mm)
Scottish Environment Protection Agency
Soil moisture deficit defined by MORECS
Mean SMD for 1961-90 (mm)
Index of winter rainfall acceptance potential
Standard percentage runoff (%)
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SPRHOST
URBAN,
URBCONC
URBEXT
URBEXT,
URBLOC
WINFAP-FEH

SPR derived using the HOST classification
FSR index of fractional urban extent
Index of concentration of urban and suburban land cover
FEH index of fractional urban extent
FEH index of fractional urban extent for 1990
Index of location of urban and suburban land cover
A frequency analysis package for use with Volume 3
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Introduction

Chapter 1 Introduction

1. 1 The need for catchment descriptors

Flood peak data are available at a large number of gauging stations throughout
the UK, but for many of the sites where flood estimation is required there are no
such data . It is useful to quantify the physical and climatological properties of a
catchment so that flood peak data may be transferred and applied to hydrologically
similar catchments and so that ungauged sites can be allocated to an appropriate
pooling-group . Most importantly, relationships between key variables (such as
the median annual flood QMED) and catchment descriptors provide a technique
for deriving a flood estimate at an ungauged site . Estimates produced in this way
are (in nearly all cases) far less reliable than those obtained by using flood peak
data, but they can nevertheless be considered for use in minor flood design
schemes, and they are useful in providing a provisional assessment when more
major works are being p roposed.

1.2 Catchment characteristics from maps

The estimation of flood variables from catchment characteristics is discussed in
Volume 1 (Chapter 4) of the  Flood Studies Rep ort  (FSR) (NERC, 1975). Here a
boxed set of thematic maps (such as Standard Period Average Annual Rainfall
1941-70) allowed the user to calculate catchment values by overlaying a catchment
boundary onto the required map. Details on how to derive morphometric variables
(for example , mainstream length) from Ordnance Survey (OS) maps were also
given. Before this derivation of catchment average values could take place , a
boundary was drawn on an OS topographic map, by interpreting the contour and
stream network information, and then transferred to a translucent medium such as
tracing paper. This manual procedure was time-consuming and required skill to
define the watershed accurately and compute the required characteristic. In addition,
since this was a manual computation, and there was an element of subjectivity in
some of the procedures, the values calculated by users were often inconsistent.

1.3 Catchment descriptors from digital spatial data

A number of organisations now have access to digital terrain models, where
elevations are held digitally over a regular grid . The Institute of Hydrology Digital
Terrain Model (IHDTM), described by Morris and Flavin ( 1990), uses digitised
river information taken from 15 0000 OS maps to position river valleys correctly.
This means that the IHDTM is more suited to hydrological applications than other
digital terrain models. Based on the steepest route to neighbouring grid nodes,
the IHDTM includes a 50 m x 50 m grid of drainage path directions, from which
a catchment boundary can be derived automatically (Morris and Heerdegen, 1988) .
This boundary can, with the appropriate software, be applied to any gridded
dataset to generate catchment values, and offers the user speed, accuracy and
consistency.

The move away from deriving catchment descriptors from maps offers far
more than the advantages provided by automation. Descriptors calculated from
maps need to be computationally straightforward, since the operation is performed
manually. Freed from this restriction, the use of digital datasets allows catchments
to be described with greater subtlety. For example, the indexing of catchment
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urbanisation can now take account of the delineation of suburban areas within
settlements, and the location of built-up areas within the catchment relative to the
gauging station or site of interest. Similarly, it was impractical for the FSR to
recommend the use of mean land slope as an index, because this would have
been difficult and time-consuming to calculate . This is no longer a problem now
that the IHDTM is available.

1.3.1 Selection of catchment descriptors

Since the choice of catchment descriptors is no longer limited by the need to be
able to compute descriptor values manually and the availability of appropriate
maps, the number of descriptors that could be derived from digital data is potentially
large. Although in practical terms the choice is still limited to available datasets,
the use of automated derivation techniques means that the selection of descriptors
is not restricted to those that are computationally straightforward . A list of
approximately 50 descriptors was drawn up for consideration.

Newson (1975; 1978) describes the process of selecting catchment character-
istics for use in the FSR. The choice of an initial set of characteristics was largely
governed there by judgement of what was likely to be successful: partly by intuition
and partly by inspection of results from other studies. The selection of catchment
descriptors for use in the Handbook followed similar lines and was, of course,
influenced by what had been successful in the FSR. From an initial list of 50
possible descriptors, software was developed for 30 of the descriptors that were
thought to be most useful and practical to compute.

Details of nine of the catchment descriptors required by the flood estimation
procedures defined in the Handbook are described in Chapters 3, 4, 5 and 6. A
further eleven descriptors, thought to provide useful additional information about
the catchment, are also described. Those descriptions are not repeated here , but
some discussion is warranted regarding the important differences between the
map-based characteristics presented in the FSR and the Handbook's digitally-
based descriptors.

Drainage networks

Catchment drainage density is represented in the FSR by a count of the number of
stream junctions per unit area (STMFRQ) taken from the OS 1:25000 map series.
Mainstream length (MSL), in part a measure of catchment size, and mainstream
slope (S1085), are also reliant on this 'blue line' information in their derivation.
Rivers and streams, taken from OS 1:50000 maps, have been digitised by IH, and
are vital to the production of a hydrological DTM, but the prohibitive cost of
digitising the stream networks present on OS 1:25000 maps has meant that this
information is not yet held digitally. Descriptors based directly on blue line
information could not be used, because digitised stream networks were not available
to the Handbook at an appropriate scale .

The IHDTM provides drainage d irections connecting each node to a
neighbour. Stream networks, depicted at any scale, can be simulated for individual
catchments by applying a suitable threshold of catchment area to the IHDTM
drainage path network. Then , from a point along each drainage path where the
area draining to that point exceeds the threshold , the drainage path is treated as a
blue line . Applying a threshold to a number of catchments in a consistent way
presents more difficulties. The blue line information found on maps reflects other
factors, such as wetness and local soil types. Using the same threshold across

2 FLOOD ESTIMATIONHAND8OO
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catchments of differing soils and climate regime would produce , for some of the
catchments, simulated stream networks that are inconsistent with conventional
mapping. Stream networks based on a catchment descriptor model for the index
flood (see Chapter 3 of Volume 3) is a possibility for future research. Descriptors
developed for the Handbook are therefore not based on mapped stream networks,
but use the IHDTM drainage path network, which connects to (and is representative
of) the whole catchment.

Flood attenuation

Flood anenuation attributable to reservoirs and lakes is represented by the FARL
index (Chapter 4) . The descriptor takes into account all on-line water bodies
within the catchment, which the FSR characteristic LAKE was unable to do. There ,
the need to keep the manual derivation simple meant that only the f irst upstream
lake or reservoir on each tributary that satisfied the necessary criteria was included .

The FSR recognised the desirability of an index representing channel or
flood plain storage , but was unable to define a procedure that could derive such
an index from maps for any site in the UK. The availability of a DTM brings the
realisation of such an index nearer, but the development of a flood plain storage
descriptor for the Handbook was not possible within the time constraints of the
study.

Soils

An important development in the FSR was the production of the Winter Rain
Acceptance Potential (WRAP) map to describe the role of soils in flood generation.
This five-class map has now been superseded by the 29-class Hydrology Of Soil
Types (HOST) classifi cation, which is seen as a step forward towards more accurate
estimation. Standard Percentage Runoff (SPR) and Base Flow Index (BFI) values
are estimated using catchment HOST soil values (Chapter 5) .

Urban land cover

FSR procedures recommend that fractions of urban land cover are derived manually
by evaluating the extent of flesh-coloured areas shown on OS 1:50000 maps. To
aid map clarity, the symbolisation of built-up areas on these maps tends to
exaggerate the true extent of the impervious area. In addition, small non-urban
areas within settlements are often not represented . A major improvement to the
indexing of urbanisation is the use of gridded 50 m land cover data C hapte r 6) ,
which reflect more accurately the true extent of built-up areas, define 'green
areas' within the conurbation and delineate between urban and suburban land
cover, allowing a more subtle descriptor to be derived using an automated
technique .

1.4 Provision of catchment descriptors

1.4.1 Descriptors for gauged catchments

Catchment descriptors are listed in the Appendix, and are also provided on a CD-
ROM (enclosed with Volume 3) , for 943 of the 1000 gauged sites for which flood
peak data are held at IH. Section 2.2.1 describes how 57 catchments were rejected
because of p roblems defining the boundary using the IHDTM. Descriptor values
are not given for these sites.

FLOOD ESTIMA TION HANDBOOK
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In addition , uncertainty about the quality of flood peak data for a small
number of catchments meant that not all of the descriptor values given for the 943
sites were used in the statistical analyses (Volume 3), nor in revision of the rainfall-
runoff method (Volume 4) . However, these descriptors have still been listed, because
even though problems relating to the flood peak data have led to their exclusion
from some parts of the analyses, the DTM has defined their catchment boundaries
adequately and the descriptors do represent the catchments concerned .

1.4.2 Descriptors for ungauged catchments

Use of digital data, and an automated procedure for generating catchment
descriptors, provide benefits in timesaving and consistency to those wishing to
derive the variables needed for flood estimation at an ungauged site . Replacing
the manual procedure, which involved catchment boundary overlays and maps, is
the provision of catchment descriptor values on CD-ROM. Values are provided for
catchments of 0.5 km 2 or more, on a 50 m grid, for the descriptors used in the
generalised flood estimation procedures, as well as some other variables, which
were chosen to give additional information about the catchment. Chapter 7
introduces the FEH CD-ROM and its use.

4 FLOOD ESTIMATIONHANDBOOK
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Catchment boundaries from the IHDTM

Chapter 2 Catchment boundaries from the IHDTM
2. 1 Selecting the correct grid node

Use of the IHDTM allows a catchment boundary to be generated from any point
on the 50 m grid. However, the appropriate grid node must be selected if the
derived boundary is to be the correct one for the site of interest. For individual
catchments this can be checked visually by plotting the boundary at a suitable
scale .

Figure 2.1 illustrates how one of the five IHDTM grids gives information
regarding the number of other grid nodes draining to that point (effectively a 50
m grid of drainage areas) . For clarification , drainage direction has been added to
this example grid. In addition to these DTM-derived dra inage areas, catchment
areas are usually calculated for gauged sites, by the measuring organisation. A
comparison of DTM-derived areas, and those supplied by the gauging authority,
is used as a guide to selecting the correct grid-node and, later, as a validation tool.
Since visually inspecting the location of the boundary is too onerous where a
large number of catchments is involved, this procedure has been automated with
software , which endeavours to select the best match between these two areas
within a defined search area, to ensure that the correct grid node is chosen.

tt
4 1

13 2

I
l , 3

24

Figure 2. 1  Cumulative catchment area grid and drainage direction

2.2 Validation of 1000 catchment boundaries

Catchment boundaries were derived, using the IHDTM, to all 1000 gauging stations
for which flood peak data are held at IH, along with their respective drainage
areas. Drainage area is an important variable in its own right, but its computation
also enabled the accuracy of the DTM-derived boundary to be assessed. Each
DTM-derived drainage area was compared with the catchment area , obtained
manually from maps supplied to the National River Flow Archive by the gauging
authority. Figure 2.2 shows that the IHDTM-derived catchment area is within 2%
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of the manually-derived area for more than 70% of catchments, w hile 87% of
catchments are less than 5% different . It is also evident that the IHDTM does not
consistently produce either smaller or larger values. This comparison of areas
shows that the IHDTM can be used to p roduce catchment boundaries quickly and
accurately for the majority of catchments.

600
(53.8)  DTM > Manual

500  DTM = Manual

 DTM < Manual

2 (16.3) Percentage of
C 400 catchments in class
Q)

E
.c
O
-;;;
O 300
5

±
E
3 200z

100

0

0 - 0.99 1 - 1.99 2 - 2 .99 3 - 3.99 4 - 4.99 5 - 5.99 6 - 6.99 7 - 7.99 8 - 8.99 9 - 9.99 > 10

Difference in catchment areas as a percentage of manually derived area

Figure 2.2  Comparison of catchment areas produced from manually-drawn and IHDTM-derived
boundaries

2.2.1 Proble mcatchments

A few catchments (5%) differ in area by 10% or more . Where the ratio of larger to
smaller area exceeded 1.1, the descriptors defined by these boundaries were
deemed to be unreliable and were not used in the analyses. Some of these
catchments have boundaries which , through drainage diversion , do not alw ays
follow the topography, which of course a DTM-derived watershed , defined using
elevation information , must always do. In other cases, the generation of IHDTM-
drainage paths has been flawed , in some small areas, by difficulties encountered
w hen using digitised rivers to fix the location of valleys. Problems may arise w hen
rivers appear (from the supplied river and contou r information) to flow uphill; or
w here two digitised rivers are located within 50 m of each other, the 'capture ' of
one river by the other can occur. Planned improvements to the IHDTM are likely
to resolve many of these difficulties, but the automated p roduction of effective
descriptors w ill probably remain problematic for catchments where drainage works
or groundwater effects override the topography.

A pragmatic approach to adjusting catchment descriptor values w here the
DTM-derived boundary is considered inappropriate is described in Section 7.2.

6
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Chapter 3 Land form descriptors
3. 1 Introduction

The Institute of Hydrology Digital Terrain Model comprises five square grids of
data: surface type , ground elevation, outflow direction , inflow pattern and
cumulative catchment area. Drainage direction allows the automatic computation
of catchment boundaries, w hich underpins the derivation of catchment values
from thematic data sets. However, the IHDTM grids themselves offer the potential
to describe the physical or morphometric attributes of a catchment in ways too
onerous to contemplate when using maps. From an extensive list of possible
descriptors, those thought to be most useful and practical to compute were
developed further.

3.2 Size and configuration

In addition to the catchment drainage area, defined by the DTM-derived boundary,
two further indices have been produced, which principally describe catchment
size, but also give information regarding drainage path configuration.

3.2.1 Longest drainage path (LDP)

The IHDTM defines a drainage direction for each 50 m grid node based on the
steepest route to one of its eight neighbours (Morris and Heerdegen, 1988) . From
each source node , therefore , a drainage path can be traced and measured down
to the catchment outlet. The maximum distance from source to outlet (LDP) can
thus be defined F igure 3.1). LDP is similar to the mainstream length (MSL) used
in the Flood Studies Report they are both measures of catchment size but
some brief discussion of their differences is worthwhile.

MSL is derived from the 'blue line' depiction of river networks found on
Ordnance Survey 1:25000 topographi cal maps. These networks expand and contract
seasonally, but the fixed representation found on maps still reflects the soil and
wetness conditions found in the area. For instance, the network is likely to be
more extensive on impermeable clays in the north and west than on the chalk of
southern England. MSL therefore represents catchment wetness and soils in addition
to catchment size . This is not true of LDP, since it is derived from the DTM, where
all parts of the catchment are connected by drainage paths. LDP does not reflect
catchment soils and wetness, but does give information about catchment size and
(in association with AREA) shape .

Values of LOP have been computed for 943 catchments in the UK. Figure
3.2 shows that the majority of catchments have index values in the rang e 10-
40 km, that small catchments are reasonably well represented in the dataset (index
values less than 10 km), and that there is a small number of large catchments,
where LOP is greater than 200 km. Although the distribution of values is skewed,
all but one class is rep resented by one or more catchments.

Figure 3.3 shows the spatial distribution of LDP by means of circles, located
at the catchment outlet, of size proportional to the index value . The larger
catchments can clearly be seen on the lower Thames, Severn and Wye, while a
range of index values is evident in most parts of the country.

Values of LOP are also influenced by drainage path configuration . Two
adjoining catchments t he Severn at Bewdley 5 4001) and the Trent at Shardlow

FLOOD ESTIMATION HANDBOOK
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±r t :
- i< K:

r +. 4 · · ".
c) IHDTM-derived boundary • s Node

)- IHDTM-drainage path ., Longest drainage path

Distance to outlet (m)

24 1.4 7 29 1.4 13 412.1 19 70.7 LDP =412.1 m
2 220.7 8 241.4 14 362.1 20 50.0
3 212.1 9 220.7 15 312.1 2 1 241.4 DPLBAR =193.0 m
4 220.7 10 141.4 16 220.7 22 100.0
5 170.7 11 120.7 17 170.7 23 50.0
6 34 1.4 12 100.0 18 120.7 24 0.0

Figure 3. 1  Derivation of LOP and DPLBAR
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Figure 3.2  Numerica l distribution of LOP values
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(28007) - are almost exactly the same size (4330 km" and 4414 km?resp ectively),
but their LOP values are quite different. The more sinuous catchment of the
Severn has an LOP value of 216.8 km, whereas in contrast, the longest drainage
path computed for the more fan-shaped configuration of the Trent catchment is
131.5 km Fi gure 3.4).
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Figure 3.3 LOP values for 943 gauged catchments
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Severn Trent

LDP 216.8 km

DPLBAR = 117.8 km

LDP = 131.5 km

20001 DPLBAR = 85.0 km
Trent at

Shardlow

5400 1

Figure 3.4 Contrastingly-configured ca tchments

3.2.2 Mean drainage path length (DPLBAR)

Using the IHDTM drainage paths, the distance between each node and the
catchment outlet is calculated Fi gure 3.1) . The mean of these distances is used to
standardise the distance along the d rainage paths of urban and suburban
development, from the catchment outlet, in the computation of the urban location
index (URBLOC) described in Section 6.6. This mean distance (DPLBAR) is listed
here as an alternative measure of catchment size .

The distribution of DPLBAR valu es for the 943 catchm ents F igure 3.5) has
a similar appearance to that shown by LDP F igure 3.2), in that the da ta are
skewed and there is a large range of values. Values for the contrasting catchments
shown in Figure 3.4 are 117.8 km for the Severn and 85.0 km for the Trent,
indicating that DPLBAR also reflects the drainage path configuration . Figure 3.6
shows the spatial distribution of DPLBAR values.
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Figure 3.5 Numerical distribution of DPLBAR values
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Figure  3.6 DPLBAR values for 943 gauged catchments

3.3 Altitude

3.3.1 Mean altitude (ALTBAR)

One of the IHDTM's five square grids is the altitude above mean sea level. At
each 50 m grid node, the altitude of that point, interpolated from Ordnance Survey
contours by a procedure described by Morris and Flavin (1990), is held to a
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vertical resolu tion of 0.1 m. Figure 3.7 shows how all altitude values defined as
being within the catchment are used to calculate the mean altitude (ALTBAR).

The skewed nature of the data represented in Figure 3.8 reflects both the
terrain of the UK and the p reponderance of gauges in lowland areas (generally
upstream of major confluences), sited there for water resource assessment. However,
the sites analysed here do depict catchment type for a large range of altitude , from
the low-lying fens of East Anglia to the Caimgorms in Scotland F igure 3.9).

··r
c) IHDTM-derived boundary

>--- IHDTM,jra;ooge path

[nter-nodal slope (m/km) AL TBAR =156.1 m
40

1%,
Nodal altitude DPSBAR = 96.5 m/km

Figure 3.7  Derivation of ALTBAR and DPSBAR
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Figure 3.8  Numerical distribution of ALTBAR values

12 FLOOD ESTIMATION HANDBOOK
VOLUME 5



Land form descriptors

10

• •
ALTBAR (m)

Proportional Circles
Sample Values

= 30

e e 100

• = 300

• = 680

}
i
l

J

& ot _cl

•
z-

'Q

'i
1
I

i

s-1

1--'

f)

f-2

t
f

0  • - ·

0

·O

Fig ure 3.9 AL TBAR values for 943 gauged catchments

3.4 Slope

3.4.1 Mean drainage path slope {DPSBAR)

At each grid node the IHDTM defines an outflow direction (based on the steepest
route) to one of its eight neighbouring nodes. Using the difference in altitude , and
the distance between the two nodes, the internode slope is calculated . The
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Figure 3. 10 Numerical distribution of DPSBAR values

procedure is adopted for all nodal pairs within the catchment F igure 3.7) to give
the mean drainage path slope (DPSBAR).

The numerical distribution of DPSBAR values Fig ure 3.10) again reflects
the terrain of the UK and the concentration of river flow gauges in lowland areas,
and correspondingly the dominance of catchments with moderate slopes. However,
sites representing a wide range of values are present in the dataset, including a
small number of very steep catchments in the Scottish Highlands Fi gure 3.11 .

3.5 Aspect

3.5.1 Mean aspect (ASPBAR)

The direction of each nodal outflow is recorded as a bearing, which increases
clockwise between zero and 360°, starting from the north. Figure 3.12 shows how
the mean direction is calculated using the procedure defined by Fisher (1993).
This represents all the directions (8) as a weight of unit mass on the circumference
ofa circl e and then finds the centroid of these weights to give the mean direction
(  0  ) , referred to here as ASPBAR. Since the outflow direction follows the steepest
slope, ASPBAR is indicative of the dominant aspect of catchment slopes.

Figure 3.13 shows the distribution of ASPBAR values e. g. 50 catchments
have slopes with a mean aspect of between 75° and 85°) . The figure indicates that
a large proportion (nearly 40%) of the 943 catchments analysed are dominated by
catchment slopes w ith a mean aspect between 75° and 155° (appro ximately east
to south-south-east) .

The spatial distribution of ASPBAR values is given in Figure 3.14, wh ere the
arrowhead marks the catchment outlet and the direction of the arrow the mean
aspect of catchment slopes. Although the picture is confused in areas where a lot
of gauges are close to each other, the dominance of easterly- and south-easterly-
facing catchments supports the impression given by Figure 3.13.
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Figure 3.11  DPSBAR values for 943 gauged ca tchments

It is apparent from these two figures that the vast majority of rivers in Great
Britain flow in an easterly or southerly direction, and the number flowing in a
westerly direction is relative ly small. In Northern Ireland, catchment values of
ASPBAR are more varied, since the convergent stream network centred on Lough
Neagh dominates much of the drainage in the Province.
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Figure 3.12  Calcula ting the mean aspect (ASPBAR) and invariability of slope directions (ASPVAR)
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Figure 3.13  Numerica l distribution of ASPBAR values

3.5.2 Invariability in aspect (ASPVAR)

In addition to calculating the mean direction, Figure 3.12 shows how circular
statistics have been used to compute the 'mean resultant', which gives some
indication of the spread in the direction data, where a value close to one indicates
that the data are strongly directional. This would mean that catchment slopes
tended to face in one particular direction. Conversely, where the mean resultant
(referred to here as ASPVAR) is close to zero, then there is considerable variab ility
in the data, the catchment slopes do not favour any one direction and the value of
ASPBAR is less meaningful.
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Figure 3.14  ASPBAR and ASPVAR values for 943 gauged catchments

The numerical distribution of ASPVAR values is given in Figure 3.15 and
shows that for the majority of catchments there is considerable variability in slope
directions.

Figure 3.16 suggests that variability increases with catchment size . Intuitively
this would seem correct: with fewer slope directions present for a smaller catchment,
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there would be a greater likelihood of one direction dominating (i .e . a value of
ASPVAR close to one) . Conversely for large catchments, with a great number of
slope directions, it is likely that there would be more variability in the data.

250

200

s
E 150
r

N
5

1005.c
E
3z

50

0

ASPVAR

Figure 3. 15  Numerical distribution of ASPVAR values
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Figure 3.16  Relationship between ASPVAR and ca tchment area
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Chapter 4 Indexing the attenuation effect
attributable to reservoirs and lakes

4.1 The effect of lakes and reservoirs on flood regime

The storage of flood flows, in lakes and reservoirs, often results in attenuation of
the flood hydrograph . Lakes that have a small surface area and a correspondingly
small storage capability are likely to have little impact on the flood regime. Similarly,
if the area draining to the lake is minor, in relation to the overall catchment, the
attenuation effect is also likely to be small. Larger lakes however, have more
storage potential, and are therefore likely to modify the catchment flood response
to a greater extent.

A full reservoir will behave in a similar way to a lake of equal size . However,
if the level is drawn down, potential storage is increased, and the impact on the
flood regime is greater. Quantifying the effect of reservoirs within a generalised
method is difficult, since the impact of the reservoir depends on the operating
policy in force at each site . Where reservoirs are found to be within the catchment,
it is recommended that details be sought from the operator.

4.2 Development of a new index

The FSR catchment characteristic LAKE was based on the first upstream lake or
reservoir on each tributary w hose surface area covered more than one per cent of
its own subcatchment area. This meant that water bodies of considerable size , and
with a potentially large impact on flood flows, would be ignored if they were
upstream of a lake or reservoir which had satisfied the necessary criteria. In
addition, apart from deciding whether the water body exceeded the 1 % threshold,
surface area was not taken into account in evaluating the index, so that a small
lake (which just exceeded the threshold) would be treated in the same way as a
large one . Index values were defined as the fraction of the catchment that drained
through significant lakes and reservoirs, and the degree of flood attenuation was
expected to increase as values of LAKE increased. The index had to be relatively
simple to calculate , because the necessary data had to be extracted manually from
Ordnance Survey maps.

Reservoir and lake shoreline vector data, generally taken from the 1:50000
Landranger and Discoverer map series, were supplied by the OS and OS Northern
Ireland respectively. Typically these data relate to the 1980s, and reservoirs built
later will not be p resent in the dataset. Freed from the requirement to derive the
descriptor from maps, the digital data associated with the IHDTM allow fresh
ideas to be explored in defining a new index. The objectives behind the derivation
of a new index are :

. • To assess the effect of  all  lakes and reservoirs;

• To allow for the location of lakes and reservoirs within a catchment;

• To include the effect of nested lakes and reservoirs;

• To produce a smooth index, rather than the stepped 1% threshold
technique used in the FSR;

• To improve the speed , accuracy and consistency of calculating the index.
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4.3 Flood Attenuation by Reservoirs and Lakes (FARL) index

4.3.1 Defining on- and off-line reservoirs and lakes

Any reservoirs or lakes within a catchment will tend to have some affect on flood
response, but it is those directly linked to the stream network that are most likely
to produce a flood attenuation effect. However, it must be remembered that where
storage is available in isolated reservoirs and lakes, there will still be some effect,
since precipitation falling directly on the reservoir or lake surface will be lost from
the flood generation process. Nevertheless, in general, an isolated lake with no
stream inflows or outflows has less effect than a similar lake that is part of the
stream network. The location of water bodies in relation to the local stream network
is termed 'on-line' where there is a direct link and 'off-line' whe re the reservoirs
and lakes are isolated from the network. Pictorial representations of the definitions
of on- and off-line lakes and reservoirs as used here are presented in Figures 4.1,
4.2 and 4.3. For the purpose of this definition the rivers used are taken from a
gridded digital version of the 'blue line' information on OS 1 :50000 maps.

9

0

Lake with outflowing river

Lake with inflowing and
outflowing river

Figure 4. 1  Reservoirs and lakes treated as on-line

Isolated lake with no
inflowing or outflowing river

_Q Lake with no inflowing river
adjacent to an existing river

6
A

B

0

Lake with inflowing river

Lake A flowing into Lake B
Lake B with outflowing river

Both lakes class ified as on-line

Lake with an uphill outflow
(the IHDTM drainage path grid
allows uphill outflows in order to
maintain a complete network)

Figure 4.2 Reservoirs and lakes treated as off-line

20 FLOOD ESTIMATION HANDBOOK
VOLUME 5



Indexing the attenuation effect of lakes

A

8

Lake A with inflowing river flowing into Lake B
Lake B with no outflowing river

Lake A Is class ed as on-line, but Lake B as off-line.

Figure 4.3 Reservoirs and lakes treated as special cases

4.3.2 Indexing the effects of individual reservoirs and lakes

It was decided that only on-line water bodies would be used in index evaluation,
to reflect the likelihood that they have a more important role in flood attenuation .
This effect for individual reservoirs and Jakes is indexed by:

c-(1- )" (4.1)

where  r  is the relative size of the reservoir or lake to its subcatchment, i.e.

r
surface area 4. 2)

subcatchment area

and w is a weight which reflects the importance of the reservoir or lake in terms
of the flood behaviour at the catchment scale , defined by:

subcatchment area
w= - - - - - - -

catchment area
4. 3)

A reservoir or lake immediately upstream of the catchment outlet will have
a w value of one . Figure 4.4 gives illustrated examples of how the local index
value a is evaluated.

In reality, the attenuation effect depends on both the storage characteristics
of the reservoir or lake (typically well represented by the surface area) and the
discharge characteristics of the outlet. The outlet characteristics cannot be
represented w ithout design or survey information of the reservoir o r lake
respectively. However, the most influential factor is likely to be the length of the
outlet weir (in the case of a reservoir) or the width of the channel (for a natural
lake) .

The choice of the square root transformation in Equation 4.1 was motivated
by a simple geometric representation. If one considers two subcatchments, one
twice the size of the other, containing lakes of surface area in the same ratio, then
one would expect the attenuation effect in each case to be the same. The flood
attenuation effect is largely influenced by the width of the outlet control to the
lake . In geometric terms, the channel width at the outlet will have increased only
by a factor of V2,because the width is of dimension L, where as the catchm ent and
lake areas are of dimension L' . In ord er for the attenuation effect to be the same
in both cases, the square root of the relativ e significance value r must be taken:
this is shown in Figure 4.5.
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Lake surface area = 2 km?
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(1- l r ) = 0.72

w = 0.71
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Lake surface area = 0.5  km 2

Subcatchment area= 25 km2

(1- / r ) = 0.86
w = 0.71

a = 0.90

Lake surface area = 2 km2
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(1--/ r ) = 0.42
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a =  0.86

Lake surface area = 0.5 km2
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(1- / r ) = 0.71

w = 0.17

a = 0.94

I Lake
. ..• ....... Subcatchment bound ary D Catchment outlet

Figure 4.4 Example evaluations of the local a index

Lake area = A km2

Subcatchment area X km2

Outlet channel width = W m

Figure 4.5 Rationale behind the Vrtransformation

La ke area = 2A km2
Subcatchment area = 2X km?
Outlet channel width =  2 . W m

4.3.3 Evaluating a composite attenuation factor - the FARL index

The catchment descriptor FARL is the product of the individual local index values
where :

22 FLOOD ESTIMATION HANDBOOK
VOLUME 5



Indexing the attenuation effect of lakes

FARL = (4.4)
ic reservoirs and lakes

The FARL index value is close to one when there is little flood attenuation
due to reservoirs and lakes. As attenuation effects become more important, the
value of the index decreases. In contrast to the I.AKE variable in the FSR, the FARL
index is a 'smooth' function, and free from any threshold effect. As the number of
lakes and reservoirs increases, FARL decreases proportionately. An example of
how the index behaves in response to increasing numbers of lakes and reservoirs
with the same a , value can be can be seen in Figure 4.6. The index value decreases
proportionately as the number of lakes and reservoirs increases.

Since the catchment index assesses the flood attenuation potential of all the
on-line lakes and reservoirs, the effect of those nested within the subcatchment of
another are included. As Figure 4.7 shows, nested and non-nested reservoirs and
lakes are represented as having the same effect.

a , = 0.94

FARL  = 0.94

a, = 0.94

a , = 0.94

FARL = 0.88

a , = 0.94

a, = 0.94

a = 0.94
FARL = 0.83

Figure  4.6 Index behaviour in response to the number of reservoirs and lakes

Lakes in parallel
(i.e. non-nested)

a , = 0.79

a, = 0.94
FARL  = 0.74

Lakes in
series (i.e.
nested}

a, = 0.79

0, = 0.94
FARL  = 0.74

Figure 4.  7 Examples of nested and non-nested reservoirs and lakes
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4.4 Distinguishing between lakes and reservoirs

In developing the FARL index, additional software was written to distinguish
reservoirs from lakes, using IHDTM elevation data. Reservoirs are generally artificial
impoundments, with darns to retain the water. The steeper slope found at a reservoir
outlet, generally reflected in the elevation data, was used to differentiate between
a reservoir and a lake . If the gradient exceeded 10% at any point up to 150 m
downstream from the outlet, the water body was assumed to be a reservoir. If this
threshold was not exceeded it was recorded as a lake. The success of the reservoir
identification procedure was assessed visually using OS maps and by reference to
the Building Research Establishment register of British dams (Tedd et al., 1992) . It
appeared that the criteria we had applied were too simplistic: although identifying
reservoirs in this way was successful in a large number of cases, it could not be
relied upon.

4.5 FARL values for 943 gauged catchments

Figure 4.8 illustrates that index values are in the range 0.557 to 1.0 with 151
catchments ( 16%) not influenced by lake or reservoir attenuation (i.e. FARL = 1.0) .
There are 71 catc hments (7 .5%) wi th FARL values below 0.9, indicating that
significant attenuation is likely at these sites. The lowest index value (0.557) for a
small catchment in north-west Scotland indicates that the presence of Fiann Loch
will markedly attenuate flood flows measured on the Little Gruinard (95801),
some 8 km downstream.

Figure 4.9 depicts the spatial distribution of FARL index values: the larger
circles denote greater attenuation effects. Those catchments with the largest FA RL
values are found mainly in north Wales, Cumbria, Northumberland, Scotland and
Northern Ireland , reflecting the large number of water supply reservoirs, natural
lakes and lochs in upland areas.

Attenuation from reservoirs is also a feature of some lowland catchments.
For example, Figure 4.9 shows a large circle in Lincolnshire , corresponding to the
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Figure 4.8 Numerica l distribution of FARL values
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Figure 4.9  FARL values for 943 catchments

Gwash at Belmesthorp e (31006), wh ere the gauging station is 13 km downstream
of Rutland Water (Figure 4.10). The reservoir dominates the catchment, and this is
borne out by the low FARL value of 0.758.

A major advantage of the FARL index over the FSR LAKE index is that it
takes account of all on-line reservoirs and lakes in the catchment. Th e Derwent at
Camerton (75002) in north-west England has a number of large on-line reservoirs
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which are 'nested ' in the subcatchment of those further downstream (Figure 4.11) .
The !AKE index would only be evaluated on those farthest downstream, whereas
the  FARL  index also embraces the likely flood attenuation effects from the nested
reservoirs and lakes.
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 IHOTM grtddod '8$8Mllni/lal<e , _

_.L IHOTM-dolt\led drainage path (shown wten
draining an areagreater lhan20 square kilometras)  •
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Figure 4. 10  The Gwash at Belmesthorpe: a lowland ca tchment dominated by a reservoir
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Figure 4.11  The Derwent at Camerton: nested reservoirs and lakes
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Chapter5 Climate and soils
5. 1 Introduction

Catchment boundaries derived automatically using the IHDTM have the advantage
that they can be applied, quickly and accurately, to any gridded thematic dataset
to produce catchment average values. Several such datasets, relating to climate
and soils, are described here; catchment average values, derived from these datasets,
are listed for 943 gauged sites in the Appendix.

5.2 Standard-perio d A verage Annual Rainfall (SAAR)

Average annual rainfall for the standard period 1961-90 in Great Britain and Northern
Ireland (SAAR) is provided by The Met. Office on a 1 km grid, with average
rainfall held to a resolution of 1 mm.

In Figure 5.1, catch ment values based on data for the 1961-90 standard
period are compared with those calculated using a 1 km grid generated from a
digitised version of the SAAR 1941-70 map provided with the FSR. For the 943
catchments shown , SAAR,, values are 24.3 mm higher on average.

Catchment values of average annual rainfall for the standard period 1961-
90 are listed in Table A.l of the Appendix, whilst 1941-70 values are provided , for
information only, in Table A. 2.

5.3 Median annual maximum rainfall (RMED)

Median annual maximum rainfall, for a number of different durations, have been
produced as 1 km grids. The interpolation of RMED between gauges uses
sophisticated variables which have been developed to take account of the influence
of topography on extreme rainfall, notably in relation to the prevailing direction
of rain-bearing winds. Volume 2 gives a full account of the interpolation process
in Chapter 7. .

A grid was produced for each of the following durations: 1-hour (RMED-1H),
1-day (RMED-1D) and 2-day (RMED-2D).

5.4 Standard Percentage Runoff from the Hydrology Of Soil
Types classification (SPRHOST)

UK soils have been delineated according to their hydrological properties to produce
the 29-class Hydrology Of Soil Types (HOST) classification. The HOST dataset is
available as a 1 km grid which records, for each grid square , the percentage of the
1 km x 1 km area given to each HOST class p resent (Boorman et al., 1995). Figure
5.2 shows the dominant HOST class for each 1 km square in the UK. The area of
lake or reservoir in each grid square is also held. The application of DTM-derived
boundaries to these data enabled the computation for each site of the percentage
of the catchment attributed to each HOST class, and the lake or reservoir surface
area .

Boorman et al.  (1995) give Standard Percentage Runoff (SPR) and Base
Flow Index (BFI) values for each HOST class (reproduced below as Table 5.1
and conclude that estimating SPR from HOST classes - rather than using the five-
class SOIL classification presented in the FSR -- is a step towards more accurate
estimation.
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Figure 5. 1  Comparison of SAAR, and SAAR values for 943 catchm ents

Table 5. 1 SPR and BF/ values for HOST classes

HOST class SPR (%) BFI HOST class SPR (o/o) BFI

2.0 1.000 16 29.2 0.778

2 2.0 1.000 17 29.2 0.609

3 14.5 0.900 18 47.2 0.518

4 2.0 0.791 19 60.0 0.469

5 14.5 0.900 20 60.0 0.524

6 33 .8 0.645 21 47.2 0.340

7 44.3 0.792 22 60.0 0.315

8 44 .3 0.560 23 60.0 0.218

9 25.3 0.734 24 39.7 0.3 12

10 25.3 0.520 25 49.6 0. 170

11 2.0 0.927 26 58.7 0.244

12 60.0 0.170 27 60.0 0.259

13 2.0 1.000 28 60.0 0.5 81

14 25.3 0.380 29 60.0 0.226

15 48.4 0.380

Therefore SPR was estimated for each of the 943 catchments, using the
HOST classification and an area-weighting method . Since areas of lake or reservoir
had not been assigned to a HOST class, an adjustment to catchment HOST values
had to be made in catchments containing lakes or reservoirs in order that the
weighting was not b iased. The area of lake or reservoir in the catchment was
deducted from the total catchment area and the HOST class percentages were
recalculated using the reduced area (representing HOST classified areas only) .
The calculation of SPR for the Roden at Rodington (54016) illustra tes this adjustment
(Tabl e 5.2).
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Table 5.2 HOST class es for the Roden at Rodington (54016) and the calculation of SPR

HOST class Area Fraction Adjusted SPR SPR x adjusted
(km?) fraction for class fraction

3 16.44 .0628 .0629 14.5 0.9 12

4 5.33 .0204 .0204 2.0 0.041

5 70.92 .2708 .2711 14.5 3.931

7 3.57 .0136 .0136 44.3 0.602

8 0.19 .0007 .0007 44.3 0.03 1

9 6.67 .0255 .0255 25.3 0.645

10 12.81 .0489 .0490 25.3 1.240

11 19.83 .0757 .0758 2.0 0.152

13 0.53 .0020 .0020 2.0 0.004

18 27.05 .1033 .1034 47.2 4.881

19 0.25 .0010 .0010 60.0 0.060

21 2.90 .0111 .0111 47.2 0.524

24 95.09 .3631 .3635 39.7 14.431

Lake/resr. 0.32 .0012

2 = 261.9o 2 = 27.454

The total surface area of lakes and reservoirs in this catch ment is small 0 .32 km),
and consequently only a minor adjustment is necessary in computing the SPR
value of 27.5. However, where a sign ificant area of surface water exists, this
adjustment becomes important to avo id underestimating the value of SPR.

The production of a 1:250000 soil map for Northern Ireland and subsequent
provision of a HOST classification on a 1 km grid were not completed until 1996.
References by Boorman  et al.  (1995) to the HOST classification in Northern Ire land
relate to a p rovisional da taset only. The work undertaken by the Agricu lture and
Environmental Science Division of the Department of Agriculture for Northern
Ireland to produce a HOST dataset consistent w ith that produced for Great Britain
is described by Higgins (1997). Descript ors derived using the HOST classification
in Northern Ireland are based on this new dataset.

For some small catchments, the use of SPRHOST values based on a summary
of the HOST classes present in each 1 km grid square may be inappropriate . In
these cases, a value may be derived manually, based on more detailed soil
information, using the methodology described in Volume 4, Appendix C ($ C.3.2).
So il maps at '1 inch ', 1.50 000 and 1:25000 scale are available for some areas. The
Macaulay Land Use Research Institute (MLURI) can provide details of the availability
of ma pping in Scotland ; information on soil maps for England & Wales may be
obtained from the Soil Survey and Land Research Centre (SSLRC), and so il maps
for Northern Ireland are available from the Ordnance Survey of Northern Ireland
O SND.

5.5 -a se Flow Index from the Hydrology Of Soil Types
classification (BF/HOST)

In addition to Standard Percentage Runoff, Boorman  et al.  (1995) also give Base
Flow Index (BFI) values for each HOST class. BFIHOST values are calculated
automatically by the same methodology used to evaluate catchment values of
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SPRHOST. Similarly, detailed soil mapping may be used to derive BFIHOST values
manually, where appropriate.

5.6 Indexing soil wetness

Dry soils tend to inhibit flood formation, in contrast to the saturated soil conditions
that precede many large flood events. Generalised soil moisture deficit data may
well be useful in describing antecedent soil wetness.

5.6.1 Soil moisture deficit data

Generalised soil moisture deficit (SMD) data are produced by the Meteorological
Office Rainfall and Evaporation Calculation System (MORECS) for the UK. For
Great Britain, the data described here are those produced by the MORECS model
detailed by Thompson et al. (1981), since MORECS Version 2.0 data were not
available at that time. In Northern Ireland, MORECS data were not provided by
the Met. Office until the Version 2.0 model was run for the Province in 1998, and
consequently data from the more recent model were used.

Month-end values are derived from meteorological variables (rainfall,
sunshine , temperature , wind speed and vapour pressure) measured at over 120
synoptic sites around the country. After standardisation procedures, the daily average
values are interpolated to obtain values for 40 x 40 km squares. Soil moisture
deficits derived from daily rainfall, less actual evaporation, are added to the previous
day's soil moisture deficit to produce a month-end value for that square . The
month-end SMD dataset gives the required geographical coverage at reasonable
cost. For Great Britain the data used here were calculated for grassland with soil
of medium water availability. The model allows SMD values to vary between zero
(field capacity) up to a maximum deficit of 125 mm.Version 2.0 data do not have
a maximum deficit that applies to all MORECS squares, since available water
capacity is calculated for each individual square based on the soils present. There
is no provision in either model to take into account the length of time for which
the SMD is at the extreme limits.

Thompson et al. (1981) report close agreement between neutron probe
SMD values and those derived by the MORECS system at the ten test sites. However,
given the assumptions of the model, the relatively sparse meteorological station
network and the large size of the grid squares, the SMD value can only be considered
a generalised indication of average soil moisture conditions.

In Great Britain MORECS 40 x 40 km grid squares are numbered 1 to 190,
starting in the north-west of Scotland and moving east and south. In Northern
Ireland, squares are numbered from 191 to 201 in the same way. Some coastal
areas of mainland Britain lie outside the 40 x 40  km  grid, so to produce complete
coverage, adjacent grid squares have been extended to incorporate all of mainland
Britain (Figure 5.3) . Where possible , an adjacent grid square with the most similar
properties (i.e . proportion of coast and orientation) has been extended. For example,
SMD data have not been calculated by the Met. Office for Square 82 (St. Bees
Head, Cumbria) so , for completeness, the values from Square 76 immediate ly to
the north of it have been used . Square 89 covers only open sea and consequently
has no SMD data.

Similarly, in Northern Ireland some coastal and border areas lie outside the
Met. Office's defined 40 x 40 km grid. For example, SMD data are not provided
for the southernmost areas, and in this instance squares 198 to 201 have effectively
been extended southwards.

FLOOD ESTIMATION HANDBOOK
VOLUME S 3 1



Catchment descriptors

0 2 3 4 5 6 7

10

7 8 [10o i MORECS square

.. 11 1 No data available. ---9
b

Data from neighbouring

18 19 21 2 square used as estimate
(number shown)

8

25-
0

7 28 29 30 31

35 36 37 38 39

42 43 44

7 48 50 1

6

5 56 57 58

2 63 64 65 66

1 192 93 6 68 69 70 71 72 3

1.9- 195 196 1
.-··

5
1 98 199 200 2

'- , e --

7 6 77 78 79 8

3 I 84 85 I 86 87

i 88 89 , 9 
1 

91 I 92 I 93 ' 94
I

5 l
I

1

. 1

l i 1
I

•
t
H
f

l

r
f

}s

[
t
l---4
L

k

1 :
i--

!

! i s

96 97 I 98 99

0 5 /106 /107 1 8 109 10

112 113 114 115 116 117 11 11

22 I123 , 124 125 1 126 ,127 
1 

128 1 9 j 1 30 I
I ' • . I I

i 133 ! 134 1135 136 /137 /138 1139 140 3141 I 1
I • I '• I ' I ' ! _

4 i 145 /146 /14 ' 148 /149 150 ' 151 :152 .1, . , I

: 1 i 1 7 / 158 /159 l 160 1 - : 3 !164 i

,166, ' 168 /169 170 171 /17 1 73' 17 ' 5
! · ! ,

[

- 2

1--l 17 I177 178 179/ 180 /1 1 /1
; I

-- 1

! I I

' 18 ' 18 } 4
!

.,
o-<- ··----

o
- - . -- -- . - --o

2 3 5 6 7

Figure 5.3  The MORECS grid
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5.6.2 Derivation of catchment values of daily SMD

The fraction of the catchment that relates to each MORECS grid square was calculated
and used as a weight to derive catchment SMD values. Figure 5.4 and Table 5.3
show an example of a catchment, the Teme at Tenbury, occupying parts of four
MORECS squares.

Month-end SMD values were calculated for each of the 943 catch ments for
the period 1961-1990 using the catchment weights. These were then converted to
daily values by linear interpolation between month-end values. The first 30 days
of January 1961 were set to 'missing ', since no data were available for the preceding
month-end from which to interpolate . The maximum number of daily values is
consequently reduced to 10957.

5.6.3 Definition of a wet catchment

A catchment is most likely to p roduce a flood response to rainfall when the soils
are at field capacity (i.e. SMD = 0). However, such a narrow definition of field
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3 1

·
\ ..•···:....

' «-····...·.·.·.,.3·"

124
13 135

310

I DT .  de r ed catchment boundary

---,,:::::::, IHDTM-dered flow pa t( shown when

draining an area greater than
5 square kilometres)

300

A Geugng Station

124 MORECS Squ are number

0 km 10 290

280

260 ·

310

..
""." · ·.. ·. ·
.. s 008 Te

270

at Ten u

{ > :a
320 330 340 350 360 370 380 390

Figure 5.4 The Teme at Tenbury (54008), covering parts of four MORECS grid squares

Table 5.3  Calculation of catchment weights for the Teme at Tenbury (54008)

MORECS square Area km2 « Fraction of catchment

123 310.03 0.276

124 313.40 0.279

134 212.30 0.189

135 287.56 0.256

Total 1123.29 1.0
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capacity would be misleading in this case . The SMD values are theoretical and are
allocated to a large and often heterogeneous area, as discussed p reviously. For
this reason it was decided to define a wet catchment as one that was at or near to
field capacity. Rather than picking an arbitrary threshold, peaks-over-threshold
(POD flood peak data were used to try to identify the soil moisture conditions
when floods are most prevalent. The POT data used are all defined to a standardised
threshold (Bayliss, 1994) to ensure greater consistency.

The da ily SMD data can be divided into those days w hen a POT flood was
recorded and those when no flood occurred. If these are plotted as percentages of
each subset, it is apparent that at an SMD of 5.7 mm the lines cross Fi gure 5.5) .
At this intersection, the antecedent conditions (represented by SMD) can be
considered typically neutral to flood formation . When SMD values are less than
5.7 mm the probability of a flood occurring increases. Conversely, with SMD values
greater than 5.7 mm the soil moisture conditions are more likely to inhibit flood
formation. This intersection, rounded to 6 mm, is taken as the threshold above
which the catchment is defined as dry.

100

- No POT Floods occurre
POT Floods occurred
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>
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"O
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a..
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Daily catchment average SMD in mm(MORECS)

Figure 5.5 Distribution of daily SMD for flood and non-flood days

5.6.4 Derivation of wet and dry spells

Each day of the daily record was defined as either wet or dry, according to the
6 mm threshold. A series of n consecutive days with SMD greater than 6 mm is
defined as a dry spell of n days duration. Conversely a series of consecutive days
w ith SMD less than, or equal to, 6 mm is defined as a wet spell.

The number of consecutive days above or below the 6 mm threshold was
calculated for 943 gauged catchments over the 30 year period 1961-90. The spell
at the start of the data (beginning on 31 January 1961) was discarded , as was the
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final spell (terminating on 31 Decemb er 1990), because they are limited by the
availability of data. Consequently, the total number of days in the analysis varies
between catchments, depending on the length of the two spells discarded. These
tend to be wet spells, since the data start and end in the winter months, and hence
the majority of spells start w ith an SMD value exceeding 6.0 mm.

5. 7 The catchment wetness indices

5.7.1 Mean daily Soil Moisture Deficit (SMDBAR)

Mean daily SMD (SMDBAR) values are calculated on the catchment daily SMD
series generated using the area-weighting method described in Section 5.6.2. The
bimodal distribution in Figure 5.6 represents SMDBAR values for the period 1961-
90, compute d for 943 catchments. Figure 5.7 shows that values range from less
than 10 mm in northern Scotland to more than 50 mm in eastern England. Generally
SMDBAR values increase as you move southwards and eastwards.
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Figure 5.6  Numerica l distribution of SMDBAR values

5.7.2 Prop ortion of time catchment soils are wet (PROPWET)

The proportion of the time that catchment soils are defined as wet (PROPWET)
was calculated for 943 gauged catchments, using the catchment daily 'wet or dry'
data described in Section 5.6.4. The numerical distribution of PROPWET values is
presented in Figure 5.8. The highest PROPWET values are found in northern
Scotland: e.g . the Cassley at Duchally (3801) has a PROPWET value of 0.84 (i.e .
the SMD threshold was exceeded for 84% of the time during the period 1961-90) .

The 'barcode' plots (Figure 5.9) enable catchment soil wetness to be
compared visually, where the b lack bands depict dry spells and the white bands
wet spells (relative to the 6 mm threshold). The width of the bands (x-axis) denotes
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Figure 5.7  SMDBAR values for 943 gauged catchments

the duration of the wet or dry spell. The Glen at Kates Bridge 3 1002) has a
PROPWET value of 0.22, which is typical of the drier parts of eastern England :
wet spells are infrequent and of relatively short duration , while the p roportion of
time the catchment is dry (78%) means that a p revailing soil moisture deficit
inhibits flood generation for much of the time. The other examples, from Yorkshire
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Figure 5.9  Barcode plots for contrasting catchments

(Ure at Westwick Lock) , Cumbria (Lune at Killington New Bridge) and Northumbria
(Trout Beck at Moor House), illustrate that catchment soils are typically wetter for
a greater proportion of the time in the north and north-west, reflecting the increase
in reliable frontal rainfall and lower evapotranspiration rates. This is borne out by
the spatial distribution of PROPWET values shown in Figure 5.10.
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Chapter 6 Urbanand suburban land cover
6. 1 Introduction

Urbanisation exerts considerable influence on the flood generation process, and
often results in a more immediate and intense response to rainfall. Urban land use
features strongly in flood estimation procedures and its importance has been
emphasised in work on improving the estimation of small catchment response
times (Marshall and Bayliss, 1994) and in Volumes 3 and 4 of the FEH. It is
important, therefore , that indices describing catchment urbanisation be derived
from an accurate source . In addition, the advantages of calculating catchment
descriptors automatically using boundaries computed from the IHDTM, dictate
that the source of urban land cover is in spatial digital form.

An early assessment of potential sources of urban land cover data suggested
that a Land Cover Map of Great Britain , produced by the Institute of Terrestrial
Ecology (ITE), could meet these requirements if the p roblem of overestimating
urban land cover in rural areas could be overcome. In Northern Ireland, the
Europ ean Co mmissio n p rogramme "Coordination of Informatio n on the
Environment" (CORINE), provided combined land cover and land use mapping.

6.2 A land cover map for Great Britain

A land cover map, showing 25 cover types, was produced from a semi-automated
classification of 30 m pixels recorded by the Landsat Thematic Mapper and is held
at ITE on a 25 m grid. Key landscape features, where the spectral signature is
strong, show patterns down to a minimum mappable unit of 0.00125 km 2 (0.125
ha). The use of a combination of seasonal images helped distinguish arable fields,
bare in winter and vegetated in summer, and permanently bare surfaces, such as
urban (Fuller et al., 1994a). The target date for imagery was 1990, plus or minus
two years, but with particularly good weather between 1988 and 1990, the majority
of the coverage used came from this period. Cloud-speckle, and occasionally
lying snow , often meant that the target summer and winter seasons had to be
extended , sometimes by up to six weeks, and even with this compromise 11% of
the coverage used remained single season (Fuller et al., 1994b).

6.2.1 Urban and suburban

The discrimination of built-up areas into two land cover classes, urban and suburban,
attempts to differentiate the density of development. The urban class comprises
all developments which fill individual pixels and tends to include large areas of
concrete and tarmac that can be found in cities and major industrial and commercial
sites. The suburban class includes pixels where a mixture of built-up land and
permanent vegetation has been recorded . This cover type is typical of housing
developments found in city suburbs, small towns and villages. These two classes,
urban and subu rban , were sup plied to the Institute o f Hydrology, after
generalisation, as a 50 m grid, to be consistent with the IHDTM.

6.2.2 Use of additional wavebands

Despite the use of summer and winter images to assist in discriminating between
bare earth and built-up areas, there appears to be frequent misclassification of
tilled land , and other areas, as urban or suburban. At the request of IH, a short
study was undertaken by ITE, with the objective of evaluating the use of four
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Thematic Mapper (TM) wavebands not previously used in the classification, in the
hope that this would result in a more accurate definition of urban and suburban.
A review of TM scenes held at ITE revealed that very few summer images were
available with the additional bands sought (Groom and Fuller, 1995) . However,
the use of winter TM data alone offered greater possibilities for widespread
improvement since many more scenes with the required data were available .
Nevertheless much of Great Britain would remain outside the scope of existing
data holdings. In the two pilot areas chosen for re-evaluation using the additional
data, the results were mixed, with improvement in some areas but only limited
success in others.

Since an improved ITE Land Cover Map of Great Britain, based on satellite
imagery alone, was unlikely to be available before the FEH programme of research
was complete, the decision was made to assess, using map information, the validity
of each 50 m grid square classified by !TE as urban and suburban.

6.2.3 Validation using Ordnance Survey Strategi sett lement data

Digital data from the Ordnance Survey (OS) 1:250000 Travelmaster Series are
available under the product name Strategi. Although the digital representation of
urban areas is available at more detailed scales (e .g. 1: 10 000), the use of Strategi
settlement data was seen as an accurate way of defining built-up areas in Great
Britain at a reasonable cost. Settlement data are provided in vector format and
define not only the outer limits of built-up areas but also non-urban areas, such as
parks, within settlement polygons.

Since the OS Travelmaster Series is essentially a route-planning aid, accuracy
is sometimes compromised for the sake of lucidity, in order that its primary function
is fulfilled. As a consequence of scale, the settlement polygons are often generalised,
and sometimes slightly displaced to improve clarity. In an attempt to overcome
any effect that these spatial inaccuracies may have on the validation procedure,
all polygons were extended with a 250 m buffer.

6.2.4 The validation process

The settlement polygons, with buffers, were used as an urban mask to test each
ind ividual 50 m square (throughout Great Britain), classified by ITE as urban or
suburban. If the grid square fell within the polygon or buffer it was accepted, but
if it lay outside the mask it was rejected. Figure 6.1 illustrates the validation
process for an 8 km x 11 km area in Oxfordshire . The four shades of orange and
pink represent ITE urban and suburban areas which have been accepted, since
they fall within an OS settlement polygon (dark grey areas) or the 250 m buffer
(light grey areas) . !TE urban and suburban areas which did not fall within the
polygons or associated buffers, have been rejected (dark and light green areas) .

6.2.5 Evaluating the procedure's success

To determine the success of using a buffer of 250 m, and the validation procedure
in general, p lots covering approximately 24% of Great Britain in total (34 areas,
each 40 km x 40 km) were examined and compared with the equivalent OS 15 0 000
Landranger sheets. This check confirmed that a buffer was necessary to prevent
authentic !TE urban and suburban areas being rejected as a result of slight spatial
inaccuracies in the OS settlement polygons. For a small number of 1:250 000
settlement polygons the 250 m buffer appeared to be too large , with the result
that apparently spurious ITE data just outside the polygons were being accepted,
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and in a few instances the buffer appeared to be too small, resulting in authentic
data being rejected . How ever, for the majority of polygons a buffer size of 250 m
was found to be a satisfactory compromise. In addition , since the ITE Land Cover
Map is more contemporary than the OS settlement polygons, the use of a buffer
often includes development on the outskirts of towns, which are not incorporated
into the polygons, but have been identified on the TM images.

Figure 6.1 demonstra tes the purpose of extending the settlement polygons
with a buffer. For example , a significant proportion of ITE urban and suburban
(dark and light orange areas) falls w ithin the buffer (light grey areas) surrounding
the polygon representing the town of Witney. Overlaying the plot on the relevant
map from the OS 1.50 000 Landranger Series confirms that the polygon is slightly
inaccurate and the p resence of the buffer has meant that ITE urban and suburban
has not been mistaken ly rejected .

6.2.6 Manual additions to sett lement polygons

The comparison of 34 validation plots with OS 1.50 000 maps indicated that overall
the use of Strategi settlement polygons to correct ITE mapping of urban and
suburban land cover classes resulted in a significant advancement of the dataset.
However, further improvements were achieved by expanding the number of
settlement polygons to include authentic urban and suburban areas identified by
ITE, but which were not shown as built-up in the Strategi dataset. These areas
include some airports, industrial estates, works and depots. In addition, although
the majority of settlements are on the OS Travelmaster maps, a few villages have
been omitted where they appear to be locally unimportant in the context of route
p lanning. An assessment based on the number of falsely rejected areas, identified
in the aforementioned plots, indicated that the manual digitising of polygons
around these areas, for the whole of Great Britain , would be a manageable task ,
if a minimum threshold size of 0.25 km? was used . This work resulted in a further
refinement of the dataset.

6.2.7 Summa ry of refinement procedure

The use of OS Strategi settlement polygons in validating urban and suburban
areas, depicted by the ITE Land Cover Map of Great Britain, has seen a significant
advancement in the accuracy of this digital dataset. Although some rejected built-
up areas w ill be authentic, and a small number of spurious areas are likely to have
been accepted , in general the classification is vastly improved . Manual additions
to the OS set of polygons have provided further enhancement. Th e resultant
validated dataset offers considerable advantages over using the OS data alone ,
since not only are built-up areas discriminated into two classes, but there are the
additional benefits of a high definition gnid 5 0 m) and the delineation of open
spaces w ithin settlements.

6.3 A land cover map for Northern Ireland

In 1985 the European Community (EC) set up a programme for the Coordination
of Information on the Environment (CORINE) for member states. A major initiative
within this framework is to establish a digital inventory of land cover w ithin the
EC, and in particu lar produce maps at a scale of 1:100 000, depicting 44 land cover
and land use classes, w ith a minimum mappable unit of 0.25 km (25 ha) . The
methodology comprises a semi-automated interpretation of satellite images w ith
additional inputs from aerial photography and topographic mapp ing.
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CORINE-standard mapping has been produced for Ireland (Brand and
Mitc hell, 1993) and as a result, data are available for all catchments within , or
draining into , Northern Ire land. The CORINE nomenclature embraces land cover
classes defined at three levels. The Level 1 group defined as 'artificial surfaces'
(Table 6.1) , includes a number of sub-classes which appear synonymous with the
ITE Land Cover Map of Great Britain (LCM GB) classes urban and suburban. Vector
data were obtained for all eleven Level 3 classes in the artificial surfaces group
from the Ordnance Su rvey of Northern Ireland (OSNI).

Table 6. 1  The CORINE nomenclature for the Level 1 class 'artificial surfaces'

Level 1 Level 2

1. Artificial surfaces 1.1 Urban fabric

Level 3

1.1.1 Continuous urban fabric
1.1.2 Discontinuous urban fabric

1.2 Industri al, commercial and 1.2.1 Industrial or commercial units
transport units

1.2.2 Road and rail networks and
assoc iated land

1.2.3 Port areas
1.2.4 Airports

1.3 Mines , dumps and
construction sites

1.3.1 Mineral extraction sites

1.3.2 Dump sites
1.3.3 Construction sites

1.4 Artificial non-agricultural 1.4.1 Green urban areas
vegetated areas

1.4.2 Sport and leisure facilities

Emboldened font denotes those Level 3 classes judged equivalent to LCMGBurban and suburban classes

Polygons for these classes were plotted at 1:50000, to enab le comparison with
OSNI topographic maps at the same scale . CORINE data are based on sate llite
imagery taken between 1989 and 1990, and since the majority of maps relate to a
similar period, their use in a validation procedure was feasible . With assistance
from Rivers Agency staff at DANI, a number of misclassified areas were corrected
and several new polygons added which were above the minimum mappable unit
present in the CORINE dataset. The corrected vector data were regenerated as a
regular 50 m grid using ARC/ Info, to be consistent with the IHDTM and LCMGB
data already held.

6.3.1 Equivalent urban and suburban classes

To ensure that the use of land cover data in Great Britain and Northern Ireland
was carried out as consistently as possible, it was important to select equivalent
classes in the two datasets. For Great Britain the !TE land cover types urban and
suburban have been chosen as the most appropriate to represent urbanisation .
Equivalent classes needed to be found from the artificial surfaces group in the
CORINE mapping of Northern Ireland.

FLOOD ESTIMATION HANDBOOK
VOLUME 5 43



Catchment descriptors

Comparable classes are suggested by Fuller and Brown (1996), in their
description of the p roduction of a CORINE equivalent map for a pilot area of
Great Britain . CORINE cover type 1.1.1 (continuous urban fabric) is identified as
being comparable to urban and 1.1.2 (discontinuous urban fabric) shown as
equivalent to suburban. Five other CORINE classes, namely cover types (1.2.1,
1.2.2, 1.2.3, 1.2.4 and 1.4.2) are identified as being partly made up of both urban
and suburban areas .

A comparison of the CORINE polygons w ith contemporary OSNI maps
showed that the extent of urban and suburban land cover in two of these five
mixed-cover classes was minimal. In the context of Northern Ireland , including
CORINE classes 1.2.3 (port areas) and 1.4.2 (sport and leisure facilities) would
unduly exaggerate the extent of urbanisation , and these classes were therefore
rejected from the definition of equivalent urban and suburban areas. CORINE
class 1.2.2 (road and rail networks and associated land) was also rejected , since in
Great Britain, roads and railways were not included as urban or suburban land
cover in the refined ITE data, except when running through built-up areas. The
use of the Strategi polygons to reject spu rious data ($6.2.3) meant that roads and
railways in rural areas, even where large enough to be identified in the satellite
data, were not included in the validated dataset.

In relation to Northern Ireland, CORINE land cover type 1.1.1 (continuous
urban fabric) and 1.2.1 (industrial or commercial units) were judged to be equivalent
to the refined ITE class urban . As regards equivalent suburban classes in the
CORINE dataset, cover types 1.1.2 (discontinuous urban fabric), and 1.2.4 (airp orts),
appeared to be comparable since they represented a mixture of built-up land and
pe rmanent vegetation. Table 6.1 shows these selected urban and suburban
equivalent CORINE classes in bold type.

Although equivalent land cover classes were chosen to represent urban
and suburban areas in Great Britain and Northern Ireland , it is evident that the
level of detail shown by the CORINE classes (minimum mappable unit 0.25 km 2)

is far below that depicted by the LCMGB (minimum mappable unit of 0.00125
km 2) . The four CORINE classes described above, represent built-up areas in Northern
Ireland reasonably well, but the resolution of the data means that at the scale
required here, the delineation of urban and suburban areas is not sufficiently
accurate .

6.4 Indexing catchment urbanisation

The indexing of catchment urbanisation has for many years involved the manual
extra ction of information from maps. However, the availability of gridded urban
and suburban land cover data, and the capability to produce catchment boundaries
from the IHDTM, offered the chance to automate the procedure and to consider
spatial aspects of urbanisation too onerous to contemplate using manual techniques.

IHDTM-derived catchment boundaries can be produced both quickly and
accurate ly for the majo rity of catchments and can be applied automatically to any
gridded dataset. The refinement of urban and suburban data taken from the ITE
Land Cover Map of Great Britain, using a validation process based on OS polygons
representing built-up are as ($6.2.4) and manually digitised polygons representing
industrial estates, airports and other important omissions from the OS da ta, meant
that the validated urban and suburban data could be used with confidence. In
Northern Ireland , corrections to the CORINE dataset identified by Rivers Agency
staff, and the selection of equivalent urban and suburban classes, meant that
automated procedures could be extended there .
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6.5 Extent of urban and suburban land cover

6.5.1 Introduction

The 1970s Flood Studies Team found in early regression trials that a measure
describing the extent of built-up areas within a catchment was significant and
asked the Department of Environment (DoE) to provide recent 1 :625000 maps
showing these areas. The urban fraction of each catchment was calculated by
using catchment boundary overlays and these fractions are listed in Volume IV of
the Flood Studies Report (NERC, 1975). It was realised that this was a crude
estimate, given the scale of the maps being used, and subsequent advice was to
estimate the built-up fraction of the catchment from the flesh-coloured areas on
OS 1:50000 scale maps. However, even at this larger scale it is not easy to
discriminate between different types of development and as a consequence the
urban value calculated includes all categories of housing and industrial development.

6.5.2 Comparison of digital and map-based techniques

The Land Cover Map of Great Britain does discriminate be tween urban and suburban
areas (Fuller et a l , 1994a) . The urban class comprises all developments large
enough to completely fill individual pixels (30 m square) , typically cities and
large town centres, major industrial and commercial sites. The suburban class
describes pixels where a mixture of built-up land and permanent vegetation has
been recorded, and is characteristic of lower-density housing and rural development.
IHDTM-derived boundaries were used to compute urban and suburban fractions
automatically from the refined gridded data.

Figure 6.2 compares urban values for 647 site s calculated manually from
maps (principally those published in the FSR, with some subsequent corrections
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Figure 6.2  Comparison of urbanised fractions
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and additions) and those derived from gridded data. The urban and suburban
fractions taken from the refined ITE data have been added together so that they
are consistent with the map-derived values in that they include all types of urban
development.

Those map-derived values known to have been taken from the OS 1:50000
Landranger Series are shown as filled triangles: with the exception of one catchment,
they are consistently higher than those calculated from the refined ITE data. This
may seem surprising, given that the Landranger maps used are ci rca 1983 and the
majority of the satellite imagery used to derive the ITE data were images taken
between 1988 and 1990 (Fulle r et al., 1994b). The expectation is that urbanisation
would increase not decrease. However, the symbolisation of built-up areas on OS
1:50000 maps tends to exaggerate the true extent of the buildings to aid map
clarity and, in addition, the maps tend not to distinguish small non-urban areas
within the urban polygon. In contrast, these small 'green areas' within built-up
areas are evident in the refined ITE data held at IH as a 50 m grid. The time-
consuming nature of manual extraction of urban information from maps also
means that, where small non-urban areas within built-up areas are shown on the
OS map , they may get overlooked . The automatic derivation of urban and suburban
values from the gridded data always takes into account these green areas within
towns and cities . The higher Landranger-based values, therefore , are likely to
reflect differences in the nature of the two datasets, and the relative inaccuracy of
the manual-derivation when compared with an automated technique, rather than
any differences in catchment urbanisation between 1983 and 1990.

Figure 6.2 shows that, although values taken from the Landranger Series
tend to be higher than those derived from the gridded data, there is considerable
scatter when comparing the refined ITE data with the other map-derived urban
fractions (open circles) . The map-based values are principally those derived by
the Flood Studies Team using the 1:625000 DOE built-up area maps, with some
corrections and additions from OS 1:50000 First and Second Series maps. An
examination of outliers seemed to show errors in the map-derived values, most
likely as a result of misregistration of the catchment boundary overlay on the
source map .

6.5.3 A composite index (URBEXT) for Great Britain

The urban and suburban fractions ( URB,, and  SUBURB,, ),  based on therefine d
ITE (RITE) data, were combined into a single index. However, rather than merging
the two indices by simple addition, intuitively it would seem logical to give more
weight to the urban fraction since it is known that the types of development
included by ITE in th is class (e .g. city centres, major industrial and commercial
sites) have, because of the greater density of impermeable surfaces and the presence
of storm-water sewerage, a greater influence on the flood generation process.

To determine an appropriate weighting for urban and suburban fractions,
in the calculation of a composite index, urban values ( URBAN ) were extra cted
from OS 1:50000 Landranger maps (using the FSR methodology) , for 25 of the
catchments used in the Volume 3 analyses. This gave URBAN, values in the
range 0.053 to 0.850. For the same 25 catchments, urban and suburban fractions
were calculated from the RITE data. By regression the following relationship was
established:

URBAN,  - 2.05 URB AN, 0. 495 SUBURB ) 6. 1)
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Box 6.1 Categories of catchment urbanisation

Six categories of catchment urbanisation are distinguished in the FEH, according to
their URBEXT values.

Essentially rural
Slightly urbanised
Moderately urbanised
Heavily urbanised
Very heavily urbanised
Extremely heavily urbanised

0.000 < URBEXT < 0.025
0.025 < URBEXT < 0.050
0.050 < URBEXT <0.125
0.125 < URBEXT < 0.250
0.250 < URBEXT< 0.500
0.500 < URBEXT < 1.000

Thus, it can be seen that the urban index used in FSR, based on the manual
extraction of information from maps will give , on average , a value app roximately
twice that derived auto matically from the refined ITE data. It is also evident that
an appropriate weighting for  SUB URB,,,  would seem to be about 0.5.  This  is
supported by the fact that the suburban class consists of pixels where a mixture of
built-up land and permanent vegetation have been recorded , so on average you
might expect urban development to occupy one-half of each pixel in this land
cover class. Thus, a composite index of urban extent is given by

URBEXT - URB,, + 0.5  SUBURB, , 6. 2)

6.5.4 An urban index for Northern Ireland

In Northern Ire land , four CORINE classes, thought to be equivalent to the LCM GB
urban and suburban classes, are taken to represent u rban developme nt ($6.3.1) . A
catchment value of urb an extent ( URB,a ) is defined by comp uting the sum of
the fractions for these four classes, where

URB, a  - CORINE,,, + CORINE,,, + CORINE,,, + CORINE, ,, (6.3)

The composite index URBEXT, p rovided for use in Great Britain, inco rporates an
app ropriate weighting of 0.5 for the suburban component (Equation 6.2).
Differences between the LCMGB and the CORINE datasets mean that the application
of the same weighting to equivalent suburban classes could not be justified . Indeed
the low resolution of the data does not warrant using urban and suburban equivalent
classes independently.

In addition , since the CORINE dataset has a minimum mappab le unit of
0.25  km ,  many small rural settlements are not represented , and conurbations are
dep icted in a generalised way. Comparisons with OSNI maps reveal that the
CORINE dataset tends to unde restimate urban development in rural areas but
o ften exaggerates the extent of major conurbations. It is therefore important that
an adjustment pro cedure is app lied to URB. a V alues so that they are consiste nt
with the  URBEXT values  used in Great Britain $ 6.5.6).
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6.5.5 Relationship between URBAN andURBEXT

Section  6.5.3 describes the relationship between urban and suburban extent, derived
automatically from refined ITE data, and urban fraction, taken from OS maps
using the FSR methodology ( URBAN,). Combining Equations 6.1 and 6.2 yields

URBAN. = 2.05 URBEXT (6.4)

Thus, an URBAN
50K

index value is likely to be , on average , approximately
twice that of an equivalent URBEXTvalue . The symbolisation of built-up areas on
OS 1 :50000 maps tends to exaggerate and does not always distinguish small non-
urban areas within the u rban polygon. In contrast, the refined ITE (RITE) classes
u rban and subu rban, used to define URBEXT values, do not systematically
overestimate and do generally preserve 'green areas' within towns and cities.

Equation 6.4 was established by regression using URBAN, and URBEXT
values for 25 gauged catchments, where the maximum URBEXT value is 0.423
F igure 6.3). How ever, there are many small ungauged catchments where URBEXT
values approaching one are found. There was some concern that this relationship
may not apply to extremely heavily urbanised catchments, so some additional
URBAJV,,

0K
and URBEXT values were calculated (represented as triangles in Figure

6.3) , and as expected these indicate a relationship closer to 1:1. For these sites,
the composite index URBEXT is able to reflect the difference between a very
heavily urbanised catchment and an extremely heavily urbanised catchment, which
OS urban map ping at 1 :50000 scale is unable to do.

Clearly the relationship estab lished between URBAN ,, and URBEXT
(Equation 6.4) cannot apply to extremely heavily urbanised catchments since this
would yield values of URBAN gr e ater than one . Considerations such as those
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described above, led to the general recommendation that FEH flood frequency
estimation procedures (both in Volume 3 and Volume 4) should not be routine ly
applied to extremely heavily urbanised catchments (i.e. where URBEXT >0.5).

6.5.6 An adjustment procedure for Northern Ireland

The CORINE dataset tends to underestimate urban development in rural areas and
often exaggerates the true extent of major settlements ($6.5.4). It is important that
UR B CORINE values are adjusted so that they are consistent with the URBEXT values
produced for Great Britain . Comparison of LCM GB and CORINE data for the same
area would enable a procedure to be derived whereby URBEXT values could be
estimated from URB CORINE values. However, as the two datasets are not cur rently
available for the same area, an indirect approach has been taken.

First, a relationship between automatically-derived URB co RINE values and
manually-derived URBAN , values (using OSNI 1:50 000 maps) is required .
URBAN

50K
and URB co RINE values were computed for 29 catchments in Northern

Ireland (Figure 6.4) . For essentially rural catchments, the CORINE mapp ing (with
a minimum mappable unit of 0.25 km2) tends to underestimate urban and suburban
extent so that URB co RINE values need to be increased if they are to be equivalent to
those taken from maps. Other, more urbanised catchments, tend to include tow ns
and major conurbations which have been exaggerated by the CORINE mapping.
These URB values need to be reduced to be equivalent to URBAN , values.
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Fitting using a least-squares method produced unsatisfactory results , so a
straight line relationship , with an appropriate break point, was fitted by eye (Figure
6.4). The respective equations are:
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URBAN = 3.0 URBe

URBAN  - 0.5 URBae 0.0375

whe n URB $ 0.015

whe n URB a > 0.015

6. 5)

6. 6)

Second , by reversing the relationship defined in the p revious section
(Equation 6.4),  URBEXT values  can be estimated from values of  URBAN

50K
using

the equation below :

URBEXT = URBAN, /  2.05 6 .7

This adjustment procedure provides a technique for automatically defining
URBEXT values  in Northern Ireland . However, for some small catchments, the
generalised nature of the CORINE mapping may be inappropriate for use in defining
URB a and subsequently an  URBEXTvalue.  In this situation it is recommended
that an URBAN v alue is derived by calculating the extent of flesh-coloured areas
on OSNI 1 :50000 maps. This manually derived  URBAN,  v alue can then be used
to estimate a value of  URBEXT using  Equation 6.7.

6.5.7 URBEXT values for 943 gauged catchments

Values of URBEXThave been calculated for 901 catchme nts in Great Britain , using
refined LCMGB data and the methodology described in $6.5.3. In Northern Ireland
URBEXTvalues  for 42 catchm ents have been based on CORINE data ($6.5.4) , and
adjusted to be app roximately comparable w ith those derived in Great Britain (see
6. 5.6).

Figure 6.5 shows that, although the majority of these catchments are
essentially rural, a significant p roportion (over 22%) have values greater than or
equal to 0.025 and 13 percent have values greater than or equal to 0.05.
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Figure 6.6 sho ws the spatial distribution of URBEXT values with a circle ,
located at the catchment outlet, whose size is proportional to the index value .
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Partly urbanised catchments are evident, notably in South Wales, Yorkshire ,
Nottinghamshire , Glasgow and Edinburgh , but the most heavily urbanised catch-
ments are found mainly in London , Birmingham and Manchester. In Northern
Ireland , most of the 42 catchments shown are essentially rural. Figu re 6.7 shows a
small catchment in South London (39058 - Pool at Winsford Road) which is
dominated by urban and su burban land cover, and this is reflected in the high
index value of 0.432.
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Figure 6.7  39058  Pool at Winsford Road
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6.5.8 Adjusting URBEXT to relate to the period of record in use

The Land Cover Map of Great Britain , p roduced by ITE, is based on satellite
imagery whose target date was 1990 ($6.2). The CORINE land cover classification
in Northern Ireland is also based on imagery taken from the same period . Since
the extent of a land cover class such as suburban, generally changes with time,
the URBEXTvalues derived from these two classifications relate to the situation in
1990. The data presented in Figures 6. 5 and 6. 6 for 943 gauged catchments therefore,
describe urban and suburban development around 1990 (denoted by the use of
the 1990 subscript) .

Many of the flood records that are available for use in the UK are typically
'centred in time ' earlier than 1990. If no adjustment is made to theURBEXT,
value then, in many cases, the level of urbanisation related to flood records would
be too high. At these sites, any effect on the flood regime that is attributable to
urban extent has been produced by less urban and suburban development than
reflected in the URBEXT, index. It is therefore desirable, to adjust the1990 value
to a level of urbanisation w hich more closely relates to the period of record being
used.

'Urban area' values for English counties and regions, relating to 5-yearly
'snapshots' during the period 1945-1990, have been published by the Council for
the Protection of Rural England (CPRE, 1993). These have been used here to
compute the urban area in England, as a fraction of the1990 value, for each of
these 5-yearly points. The growth in land under urban development, shown in
Figure 6.8, suggested a model based on an inverse tan function. The urban area is
represented as a fraction of the 1990 value, termed the urban expansion factor
( UEF ) . The model fitted to the data was:

UEF = 0.8165 + 0.2254 tan ' {Y ear - 1967.5)/ 21.25 } (6.8)
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Figure 6.8 Urban expansion based on data published by CPRE (1993)
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URBEXT.,
990 

values have been adjusted in this way for use in the modelling
of QMED in Volume 3 and Tp0 ) in Volume 4. The model is based on urban area
figures for England, and the rate of increase in urbanisation between 1945-90 may
well be different in Wales, Scotland and Northern Ireland. However, the adjustment
procedure has been applied throughout the UK, since a broad approximation of
urban area before 1990 in these regions is preferabl e to using an unadjusted
URBEXT value .

6.6 Location of urban and suburban land cover

6.6.1 Introduction

The location of urban and suburban land cover is likely to be influential in
determining how and when a catchment responds to rainfall. Although the possible
scenarios are manifold, and their likely effect depends on other factors (e .g . soil
type), indexing the location of built-up areas (whether they be near to the catchment
outlet or centred in the headwaters) should improve understanding of how spatial
variations in urban and suburban land cover affect the flood hydrograph.

The IHDTM defines a drainage direction for each 50 m grid node based on
the steepest route to one of its eight neighbours (Morris and Heerd egen , 1988),
from which a complementary grid of inflow data has been generated. Rather than
use the straight-line distance from the catchment outlet to each grid node in the
derivation of a location index, it is more appropriate to use the distance along the
IHDTM defined drainage paths. By using the inflow grid this distance can be
calculated for any grid node in the catchment.

6.6.2 A composite index (URBLOC)  for Great Britain

The urban and suburb an location parameters ( URB,,, and SUBURB,_) are calculated
by computing the mean drainage path distance to all RITE urban grid nodes and
to all suburban nodes, respectively. Both are expressed as a fraction of the mean
distance to all nodes that fall within the catchment, as given in the following
equations:

URB.  "
URBDISTMF.A,V

DIST,
SUBURB. . <

SUBURBDIST,a.

DIST,

Figure 6.9 shows the derivation of these parameters for a small catchment
with two suburban grid nodes. Firstly, the distances A to outlet and B to outlet,
along their respective drainage paths, are calculated. Secondly, the mean of these
two distances is expressed as a ratio of the mean distance of all grid nodes in the
catchment, to give the suburban parameter (SUB URBLoc  ) . The urban parameter
( URB,, ) is undefined in this instance as no urban land cover is present .

In keeping with the indexing of the extent of urban and suburban land
cover, a composite index, combining the urban and suburban parameters, has
been calculated. The fraction of the catchment given to the respective land cover
classes has been used to weight the addition of the urban and suburban location
parameters.
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Figure 6.9  IHDTM drainage paths are used to define the distance to the ca tchment outlet

Thus

URBLOC =
URB, URB,  '  S UBURB,,, SUBURB

URB,,  '  S UBURB,

The u rban and suburban location parameters, and hence the composite
index , are not defined when the catchment is completely rural and are poorly
defined when it is nearly so. Therefore, when URBEXT is less than 0.005, the
location parameters are not evaluated.

6.6.3 An URBLOC index for Northern Ireland

In Northern Ireland , the poor resolution of the data does not justify delineating
between urban and suburban land cover in the computation of the urban location
index ( URBLOC ) . Here , the drainage path distance is calculated to all grid nodes
which are designated as CORINE classes 1.1.1, 1.1.2, 1.2.1 and 1.2.4 (i.e. those
that are judged to be equivalent to the RITE classes urban or suburban) . The
URBLOC index is then defined as the mean of these distances C ORDIST ,
divided by the mean of distances between all nodes within the catchment and its
outlet. Thus

URBLOC  -  CORDIST, I DIST (6 .11)

6.6.4 URBLOC values for 516 ca tchments

URBLOC has been calculated for all 516 site s where URBEXT is greater than or
equal to 0.005. Sinc e the catchment mean distance is generally at a point half-way
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between its outlet and most distant watershed , a built-up area close to the gauged
point gives URBLOC values close to zero, while development in the most remote
parts of the catchment w ill produce values approaching two. Figure 6.10 shows
that the location index takes on values between 0.1 and 1.6. The distribution
shows that development is less prevalent in the catchment headwaters than in the
area around the catchment outlet, where the land is generally flatter.

Figure 6.11 illustrates the spatial distribution of URBLOC values in the UK,
where the larger circles represent catchments which have urban and suburban
development further from the catchment outlet than those dep icted by a small
circle . No strong spatial pattern is evident. Figu re 6.12 shows the location of
urban and suburban land cover for the Roding catchment to Redbri dge (37001.
Much of the development in the catchment is sited near the river gauging station,
which is reflected in a low index value of 0.427.
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Figure 6.10 Numerica l distribution of URBLOC values

6. 7 Concentration of urban and suburban land cover

6.7.1 Introduction

In addition to the ex tent and location of urban and suburban land cover, the
degree to which built-up areas are concentrated within a catchment is likely to
have some effect on the flood regime . If catchment development comprises a
large number of small settlements, then a significant p roportion of sto rm-wate r
follow ing a rainfall event is likely to enter soakaw ays, with the soil usually acting
as a buffer to catchment response , dependent on the prevailing wetness conditions.
Conversely, if that same amount of development w as concentrated into a single
conurbation then it is likely that storm-water sewerage would be p resent and
catchment response accelerated .
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6.7.2 A concentration index (URBCONC)

The first step in the indexing procedure dictates that, for each urban and suburban
grid node within the catchment, the number of adjacent nodes flow ing to the
point under examination , along IHDTM-derived drainage paths, is computed
(INFLO WTOTAL) . Those grid nodes w ith no other points flowing to it are ignored .
When this count is made the number of inflowing nodes which are u rban or
suburban is also noted (INFLOWURBISUBuRB) . Urban and suburban nodes are not
differentiated and the procedure adopted for both land cover types is the same
(Figur e 6.13) .

The concentration index describes the 'connectivity' of urban and suburban
nodes, and it is inappropriate to differentiate urban and suburban e lements . Thus
the concentration index is derived by finding the catchment total number of inflows
to urban or subur ban nodes, which are themselves urban or suburban , and
expressing this total as a fraction of the catchment total number of inflows to
urban o r suburban nodes, and is given by

URBCONC =
Y n FLOWo co o»

I
n

F L ow,
I

In Northern Ireland , the coarse resolution of the CORINE land cover data
means that urban and suburban areas generally app ear to be more concentrated
than they are in Great Britain . This is the result of differences in the resolution of
the data rather than real differences in settlement patterns. Consequently, as they
are likely to be misleading, URBCONCvalues have not been computed for Northern
Ireland .

Urban land cover

I

i
-

INFLOW URBJSUBURB = 3

INFLOW TOTAL = 4

Suburban land cover HDTM inflow

INFLOWysv susu °
INFLOW TOTAL = 4

Figure 6.13 Computing the number of inflowing grid nodes and the number that are urban or
suburban
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6.7.3  URBCONC values  for 484 gauged catchments

The concentration index is defined for 484 catchments in Great Britain where
URBEXTis  greater than, or equal to , 0.005, and the distribution of these values is
shown in Figure 6.14. The modal value is between 0.6 and 0.65 whi ch ind icates
that, for these catchments, typically, nearly two thirds of neighbouring nodes
w hich flow to urban or suburban nodes, are themselves urban or suburban.

Figure 6.15 indicates that no strong spatial patterns are evident but high
VRBCONCvalues are more commonly found in, or close to, the major conurbations.
The Trent catchment to Drakelow Park (28019) includes much of the city of
Birmingham in its headwaters (Figu re 6.16) and this is reflected in a high
concentration index value of 0.821 and a high location index value of 1.199.

100

80

0= 60Q)

E.c

#
40

5
i5
0
E
::::, 20z

0

URBCONC

Figure 6.14  Numerical distribution of URBCONC values

6.8 Summary

IHDTM-derived catchment boundaries have been applied automatically to the
refined ITE urban and suburban land cover data in Great Britain , and equ ivalent
classes taken from CORINE data for Northern Ireland, to produce an index describing
the extent of catchment urbanisation for 943 catchm ents with flood peak data . For
catchments which have an URBEXT value greater than or equal to 0.005, indices
relating to the location and concentration of built-up areas have been defined for
516 catchments in respect of the former, and 484 catchm ents in respect of the
latter.
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The relationships between the three indices are presented for these
catchments, on a logarithmic scale, in Figure 6.17. Index values of location against
extent (Diagram A) show the scatter of points around a dashed line denoting an
URBLOC value of 1.0 (the mean distance to the outlet from all nodes within the
catchment) . The greater number of points below the line indicates that urban and
suburban development is more prevalent on the generally flatter land of the
lower catchment, than the often steeper slopes of the catchment headwaters.
Diagram B supports the conclusion that catchments which have high index values
of concentration are found in the most heavily urbanised areas, while Diagram C
indicates there is considerable scatter w hen comparing the location and
concentration index values for the 484 catchments .

The computation of an index describing the extent to which the catchment
is urbanised, using automated procedures and based on recent satellite imagery,
is seen to have advantages of accuracy, reproducibility and currency, over the
manual map-based techniques used in the past. The availability of urban and
suburban data in a gridded form has also allowed the derivation of two new
indices describing spatial aspects of urbanisation not previously considered.
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Figure 6.17  Relationship between the extent, location and concentration index for 484 gauged
catchments

FLOOD ESTIMATION HANDBOOK
VOLUME 5 63



Catchment descriptors

Chapter 7 Catchment descriptor values for an
ungauged site

7. 1 FEH CD-ROM

Catchment descriptors for ungauged sites are supplied on the FEH CD-ROM,
which is available from the Institute of Hydrology. They are provided at all locations
on drainage paths with a catchment area of at least 0.5 km2, for mainland Britain,
Northern Ireland , the Isle of Wight and Anglesey. In addition to the descriptors,
catchment average values of the six parameters of the rainfall depth-duration-
frequency model (Volume 2) are also provided at these locations.

When retrieving data from the CD-ROM, it is important to select the
appropriate point on the drainage path : 'browser' software is provided to assist in
this. Initially, a map of the UK is displayed to help locate the area that contains the
subject site , which is achieved using the mouse and the zoom facility. Alternatively
the grid reference can be typed in if known, or a place name can be selected from
the gazeteer. For the chosen area, the browser displays the catchment boundary,
together w ith drainage paths, urban areas, place names, gauging stations, lakes,
reservoirs and coastline , if applicable (Figure 7.1) . By moving the mouse pointer
across the map around the site, the software illustrates the catchment that drains
to each selected location . This enables the appropriate location to be chosen,
based on the catchments displayed. The user must have a preconceived idea of
what the catchment should be before using the browser. This may be based on
published material defining the catchment or derived from an inspection of OS
maps.

iij +EH CD- ROM 1999 Htl E3
File Beint oll Options Help

[sF3i sn s i ] NGR

Numenc GR

Gazetteer ..

Query

i;; NI Border
R?Net onsl Grids
i;; Land end Sea
i;; Urben ereas
i;; Drainage po.ths

Lke s
r Gezet eer search result
R Piece names (meior a ties)
G Piece names ' · · · · ·
f Flood peak/ event stations

\
All

I1 4 !
4 Q  
X V  Exit

I431914 265612 [SP 31914 65612D

Figure 7.1  Browser software display
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When the required catchment has been found, the user can abstract the
catchment descriptors from the database. The values are reported on the screen
and can be saved as a file or exported into the WINFAP-FEH software package .

7.2 Manual adjustment of descriptor values

Visualisation of the chosen catchment using the FEH CD-ROM browser is provided,
· to allow users to ensure that the boundary derived by the IHDTM is accurate .
Before dismissing the DTM-derived boundary as incorrect, it is worth rechecking
any pre-existing view of what the catchment should be . A number of catchment
areas that have been in use for decades have been found to be incorrect, as a
result of comparison with DTM-defined areas.

7.2.1 Compon ent drainage areas

In cases where the DTM-derived boundary of the site is found to be incorrect, the
catchment descriptor values that relate to this site, provided on the CD-ROM, will
in most cases be inappropriate . Through the browser software (Section 7.1) it is
possible to identify whether the correct estimate of the catchment boundary is
made up of one or more component DTM-defined catchments. Once this has
been done , an adjustment procedure allows descriptor values for the component
parts to be used to estimate descriptors for the desired catchment.

The catchment draining to Olton Reservoir, in Birmingham, serves to
demonstrate this procedure (Figure 7.2). The user-defined boundary to the reservoir
outlet (dashed line) gives a catchment that is seen to be larger than that delineated
by the DTM-derived boundary (catchment A) . Selection of another DTM-defined
catchment by choosing the appropriate grid node shows that the 'missing' part of
the user-defined catchment can largely be made up by catchment B. Thus, the
user-defined catchment is represented by the combination of two DTM-derived
component catchments, A and B.

The catchment descriptor values provided for catchment A need to be
adjusted so that they allow for the addition of catchment B. Drainage area can be
adjusted by simply adding the area of catchment A to that of B (Table 7.1) .

Table  7.1 Addition of component drainage areas

Catchment A Catchment B

Drainage area (km?)

Fraction of combined catchment

1.920

0.615

1.200

0.385

Combined

3.120

1.000

7.2.2 Area-weighti ng method

Many of the catchment descriptors presented on the CD-ROM can be adjusted by
a simple area-weighting method, using the fractions presented above . Table 7.2
illustrates this methodology for the most influential descriptors in the statistical
procedures for flood frequency estimation (Volume 3) and the rainfall-runoff
approach (Volume 4) . The Olton Reservoir catchment is again used as an example .

The majority of catchment descriptors provided on the CD-ROM, and listed
in the Appendix tables, can be adjusted in this way. However, those descriptors
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whose derivation demands a contiguous set of drainage paths, connecting all
parts of the catchment to a single outlet, cannot use the procedure presented
above . W P, URBCONCand URBLOC are three such descriptors, but since they are

412 413 414

DTM - define d boundary

• Catchment outlet

RITE Urban

RITE Suburban

DTM Drainage path

281

28

27

- 280

279

412 413 414

Figure 7.2 Component DTM-derived drainage area s Olto n Reservoir catchment
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Table 7.2  Adjustmen t of ca tchment descriptor values using area-weighting

Descriptor Catchment A Catchment B Combined catchment
weighted average weighted average average

BFIHOST 0.350 X 0.615 = 0.215 0.325 x 0.385 = 0.125 0.215 + 0.125 = 0.340

DPSBAR (mkm ) 17.54 X 0.615 = 10.79 12.40 x 0.385 = 4.77 10.79 + 4.77 = 15.56

PROPWET 0.31 x 0.615 = 0.19 0.27 X 0.385 = 0.10 0.19 + 0.10 = 0.29

SAAR (mm) 720 X 0.615 = 443 727 X 0.385 = 280 443 + 280 = 723

SPRHOST 40.2 x 0.615 = 24.7 39.7 X 0.385 = 15.3 24.7 + 15.3 = 40.0

URBEXT 0.290 X 0.615 = 0.178 0.322 X 0.385 = 0.124 0.178 + 0.124 = 0.302

provided for information only, an adjustment procedure is not strictly necessary.
The FARL and DPLBAR indices too cannot be adjusted using an area-weighting
method, but estimates are required of these two descriptors, since they are needed
specifically in the derivation of flood estimation parameters.

7.2.3 Adjusting FARL values

Flood attenuation attributable to reservoirs and lakes is described by the FARL
index. The computation of the index is complex and relies on having a contiguous
drainage path network from the catchment outlet to each node, without which the
software is unable to derive a local attenuation index for each on-line reservoir or
lake. Consequently the index cannot be adjusted using an area-weighting method.

The FARL index has two main uses in flood estimation procedures: FARL
values equal to 1.0 indicate no reservoir or lake storage effect, while values
significantly less than 1.0 provide a warning that there may be flood attenuation
from water bodies in the catchment. In these cases the user is encouraged to
obtain more details, particularly where a reservoir is implicated. The index is also
required for the estimation of QMED (see Volume 3, Chapter 3).

In this example , since the whole catchment is thought to drain to one
reservoir, the value of FARL for component A overstates the reservoir effect slightly.
An estimate of a more appropriate value for the combined catchment is based on
a judgement of how the attenuation effect decreases, as the ratio of the surface
area of the reservoir to its subcatchment area inc reases ($4.3.2). Users are
encouraged to select familiar examples from the 943 catchment FARLvalues listed,
to provide guidance . In this case , an adjustment from a FARLvalue of 0.854, for
catchment A, to an estimate of 0.88 is judged to be appropriate.

7.2.4 Adjusting DPLBAR values

DPLBAR represents the mean distance between each catchment node and the
outlet and , since an unbroken drainage path between these nodal pairs is required
to derive the index $ 3.2.2), values cannot be adjusted by the area-weighting
method. DPLBAR is used in the estimation of unit hydrograph time-to-peak Tp(0)
in the rainfall-runoff method of flood frequency estimation ( 4 2.2) and an adjustment
procedure is necessary. DPLBAR is highly correlated with drainage area and a
value for the combined catchment can be estimated by using the combined drainage
area in the equation:

FLOOD ESTIMATION HANDBOOK
VOLUME5 67



Catchment descriptors

DPLBAR = AREA 0 548 (7.1)

In = 204 + = 0.94 f.s.e. = 1.22)

which is established by regression analysis. The drainage area for the combined
catchment in the example above is 3.12 km,which can be used to estimate an
adjusted DPLBAR. Thus

DPLBAR = 3.12058 1.87 km 7. 2)

This compares to a DPLBAR value of 1.71 km for the DTM-based catchment (i.e.
component A) .
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Appendix

Appendix
A.1 Introduction

Catchment descriptors were calculated for the 943 gauged sites for which IH hold
flood peak data. The accuracy of each IHDTM-derived boundary, used to define
a catchment value for all descriptors, was assessed by comparing the DTM-derived
drainage area with the catchment area supplied to the National River Flow Archive
by the gauging authority ($2.2). Where the ratio of the larger area to smaller area
exceeded 1.1, the descriptors defined by these boundaries were deemed unreliable
and were not used in the analyses.

A.2 Tables

As a consequence of the validation procedure described above, descriptor values
are not given for 57 catchments in the data presented in Tables A.1 and A.2, but
the gauge number and name are still listed for these sites in the tables.

Table A.1 gives catchment descriptor values for 943 gauged sites. The
descriptors chosen for presentation here are those used in the flood estimation
procedures described in Volumes 3 and 4. The values themselves are for information
only, but are likely to p rovide a useful comparison when values are assembled for
use at a nearby ungauged site .

Table A.2 lists values for the 943 sites shown in Table A l , but the descriptors
shown are not used specifically in the flood estimation procedures. However,
they are tabulated here to provide additional information about the gauged
catchments listed . As with those given in Table A.1, they may provide a useful
comparison with values assembled for nearby ungauged sites. Preceding each
table is a brief description of the variables ($A.3 $A.4) .

Table A.3 of Volume 4 summarises the characteristics and derived model
parameters of flood events used in the derivation of the new estimation equations
for unit hydrograph time-to-peak, and other events stored on the UK Flood Event
Archive. Catchment descriptors for those catchments are presented (for information
only) in Tables A.3 and A.4. As a consequence of the validation procedure applied
to IHDTM-derived bound aries ($A.1) descriptor values are not given for 23 of
these sites, although the gauge number and name are still listed.
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A.3 Catchment descriptors given in Table A. 1

A brief description of each of the variables shown in Table A.l is given below.

IHDTM NGR

AREA

BFIHOST

DPLBAR

DPSBAR

FARL

PROPWET

SAAR

SPRHOST

URBEXT,

The 12-figure Nationa l Grid Reference (Irish Grid Reference in
Northern Ireland) of the IHDTM grid point, located nearest the
gauging station and on the appropriate DTM drainage path.

Catchment drainage area using an IHDTM-derived boundary (km 2) .

Base Flow Index derived using the HOST classification.

Mean of distances between each node (on regular 50 m grid) and
the catchment outlet (km). Characterises the catchment size and
configuration .

Mean of all the inter-no dal slopes for the catchment (m km ').
Characterises the overall steepness.

Index of flood attenuation attributable to reservoirs and lakes.

Proportion of time when SMD was < 6 mm during 1961-90.

Standard period (1961-90) average annual rainfall (mm).

Standard percentage runoff derived using the HOST classification.

Extent of urban and suburban land cover (1990).
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Appendix

A.4 Catchment descriptors given in Table A.2

A brief description of each of the variables shown in Table A.2 is given below .

ALTBAR

ASPBAR

ASPVAR

LDP

RMED-1D

RMED-2D

RMED-1H

SAAR,

SMDBAR

URBCONC

URBLOC

Mean altitude of the catchment (metres above sea level .

Mean direction of all the inter-nodal slopes in the catchment
(bearing in degrees, where north is zero). Represents the dominant
aspect of catchment slopes.

Invariability of slope directions, where values near to zero indicate
that there is considerable variability in the aspect of catchment
slopes. Values approaching one indicate that catchment slopes
tend to face in one particular direction.

Longest d rainage path (km), defined by recording the greatest
distance from a catchment node to the defined outlet. Principally
a measure of catchment size but also reflects the catchment
configuration.

Median annual maximum I-day rainfall (mm).

Median annual maximum 2-day rainfall (mm).

Median annual maximum I-hour rainfall (mm).

Standard period (1941-70) average annual rainfall (mm).

Mean SMD for the period 1961-90 calculated from MORECS month-
end values (mm).

Concentration of urban and suburban land cover. High index
values (approaching one) indicate concentrated urban and/ or
suburban land cover. Not defined when URBEXT < 0.005 or in
Northern Ire land where the resolution of CORINE land cover
data is too coarse .

Location of ur ban and suburban land cover. Low index values
indicate that development is near the catchment outlet. Not defined
whe n URB., < 0.005.
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Catchment descriptors

A.5 Catchment descriptors given in Table A.3

A brief description of each of the variables shown in Table A.3 is given below.

IHDTM NGR The 12-figure National Grid Reference (Irish Grid Reference in
Northern Ireland) of the IHDTM grid point, located nearest the
gauging station and on the appropriate DTM drainage path.

AREA Catchment drainage area using an IHDTM-derived boundary (km 2) .

BFIHOST Base Flow Index derived by using the HOST classification.

DPLBAR Mean of distances between each node (on regular 50 m grid) and
the catchment outlet (km). Characterises the catchment size and
configuration.

DPSBAR

FARL

PROPWET

SAAR

SPRHOST

URBEXT,

Mean of all the inter-nodal slopes for the catchment (m km' ) .
Characterises the overall steepness.

Index of flood attenuation attributable to reservoirs and lakes.

Proportion of time when SMD was <$6 mm during 1961-90.

Standard period (1961-90) average annual rainfall (mm ) .

Standard percentage runoff derived using the HOST classification.

Extent of urban and suburban land cover (1990).
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Appendix

A.6 Catchment descriptors given in Table A.4

A brief description of each of the variables shown in Table A.4 is given below .

ALTBAR

ASPBAR

ASPVAR

LDP

RMED-1D

RMED-2D

RMED-l H

SAAR,

SMDBAR

URBCONC

URBLOC

Mean altitude of the catchment (metres above sea level).

Mean direction of all the inter-nodal slopes in the catchment
(bearing in degrees, where north is zero). Represents the dominant
aspect of catchment slopes.

Invariability of slope directions, where values near to zero indicate
that there is considerable variability in the aspect of catchment
slopes. Values approaching one indicate that catchment slopes
tend to face one particular direction.

Longest drainage path (km), defined by recording the greatest
distance from a catchment node to the defined outlet. Principally
a measure of catchment size but also reflects the catchment
configuration.

Median an nual maximum 1-day rainfall (mm).

Median annual maximum 2-day rainfall (mm).

Median annual maximum 1-hour rainfall (mm).

Standard period (1941-70) average annual rainfall (mm).

Mean SMD for the period 1961-90 calculated from MORECS month-
end values (mm).

Concentration of urban and suburban land cover. High index
values (app roaching one) indicate concentrated urban and/ or
suburban land cover. Not defined when URBEXT < 0.005 or in
Northern Ireland where the resolution of CORINE land cover
data is too coarse.

Location of urban and suburban land cover. Low index values
indicate that development is near the catchment outlet. Not defined
w hen URBEXT < 0.005.

FLOOD ESTIMATION HANDBOOK
VOLUME 5

12 1



- M w
Ta

b
le

 A
.4

C
at

ch
m

en
t d

es
cr

ip
to

rs
 p

ro
vi

de
d 

fo
r 

in
fo

rm
at

io
n 

on
ly

 --
 va

lu
es

 fo
r 2

52
 F

lo
od

 E
ve

nt
 A

rc
hi

ve
 c

a
tc

hm
en

ts

N
um

b
er

N
a
m
e

IH
D

T
M

 NG
R

A
R

E
A

A
L

T
B

A
R

A
S

P
BA

R
A

S
P

V
A

R
L

O
P

R
M

E
D

-ID
R

M
E

D
-2

D
 R

M
E

D
-1H

 S
A

A
R

,,,
 S

M
DB

A
R

 
U

R
BC

O
NC

 U
R

B
LO

C
N

um
b

er
km

?
m

de
gr

ee
s

km
m
m

m
m

m
m

m
m

m
m

30
03

O
y
k
e
l
 a
t
 E
a
st
er
 T
u
m
a
ig

24
0
15
0

90
0
15
0

33
1
.9
2

2
96
.9

62
.5

0
.0
65

31
.
02

45
. 4

65
.2

9
. 4

19
62

3
.6
5

3
0
03

70
0
1

F
in
d
h
or
n
 a
t
 S
h
e
n
a
ch
ie

2
82
55
0

83
3
55
0

4
15
.8
7

55
9
.9

2
2
.9

0
.1
0
6

50
.9
8

39
.4

5
6
.9

10
.3

14
2
9

9
.3
6

70
0
1

70
03

L
e
s
si
e
 a
t
 S
h
er
i
ff
m
il
ls

3
19
2
50

8
62
60
0

2
17
.0
7

19
2
.6

2
.8

0
.3
49

39
.3
6

37
.5

4
8
.1

9
.1

8
90

2
4
.7
9

70
0
3

70
0
6

L
o
ss
ie
 a
t
 T
o
r
w
i
n
ny

3
1
3
35
0

84
8
90
0

20
.5
6

34
7
.0

2
3
.7

0
.4
58

12
.1
3

42
. 4

54
.6

9
.7

9
63

2
4
.7
9

7
0
0
6

80
09

D
u
ln
a
in
 a
t
 B
a
ln
a
a
n
 
B
r
id
ge

2
97
85
0

82
47
50

2
72

.2
7

4
61
.
0

94
.0

0
.1
93

44
. 2

8
33
.1

4
6
.8

9
.1

10
5
6

9
.3
8

80
0
9

1
90
0
1

A
l
m
on
d
 a
t
 C
ra
ig
ie
h
a
ll

3
16
50
0

67
53
50

3
8
6
.1
9

17
6
.6

20
.9

0
.2
45

4
6
.9
1

3
5
.0

4
6
.1

8
.6

9
0
5

18
.
 7
1

0
.7
3
0

0
.7
68

19
00
1

19
00
2

A
l
m
o
n
d
 a
t
 A
l
m
on
d
 W
e
ir

30
02
50

6
6
51
50

4
4
.3
6

2
02
.8

3
9
.5

0
.2
6
8

19
.4
6

34
.0

4
6
.1

8
.6

10
22

15
.3
9

0
.6
97

0
.6
96

19
0
02

1
9
00
5

A
l
m
on
d
 a
t
 A
l
m
on
d
el
l

3
0
8
60
0

6
68
45
0

2
3
9
.2
7

21
9
.4

6
.0

0
.2
62

3
1
.8
8

3
5
.4

47
.8

8
.7

97
7

17
.7
9

0
.7
0
9

0
.5
98

19
00
5

2
00
01

T
y
n
e
 a
t
 E
a
s
t
 L
in
to
n

35
89
50

67
66
50

30
7
.0
6

17
4
.1

3
.0

0
.2
53

43
.2
9

3
4
.7

4
8

. 9
8
.5

7
35

2
4

. 6
9

20
0
01

2
10
18

Ly
n
e
 W
a
te
r
 a
t
 L
y
e
 S
ta
ti
on

32
0
80
0

64
0
1
50

18
0
.5
8

30
4
.5

12
9
.2

0
.0
93

29
.9
5

33
.7

4
4

. 0
8
.5

10
05

2
0
.3
1

2
10
18

2
10
28

M
e
z
io
n

B
ur

n
a
t
 M
e
z
io
n
 F
a
r
m

2
10
2
8

2
10
30

M
e
g
ge
t
 w
a
te
r
 a
t
 H
e
n
d
er
la
n
d

32
3
10
0

62
30
50

5
6
.3
1

50
9
.8

10
5
.1

0
.1
97

1
3
 .3
0

48
. 6

65
.5

11
.
1

1
63
8

6
.8
2

21
0
30

2
20
09

C
ro
q
u
et
 a
t
 R
o
t
h
b
u
r
y

40
6
60
0

60
1
65
0

3
45
.9
6

2
84

. 2
12
0
.5

0
.1
59

4
8

. 5
4

3
4

. 3
4

4
. 7

9
.1

9
51

2
1
.5
7

2
20
09

23
00
2

D
e
r
w
e
n
t
 a
t
 E
d
d
y
s
 B
r
id
g
e

40
42
50

5
50
80
0

1
1
7
.9
7

3
62
.8

4
8

. 1
0

. 2
84

2
3
.0
7

41
.2

52
.1

10
.4

9
58

13
.1
5

23
0
02

2
30
05

N
o
rt
h
 T
y
n
e
 a
t
 T
a
r
se
t

3
7
7
75
0

5
8
60
50

2
83

. 4
9

32
5
.0

11
4
.5

0
.1
3
5

3
5
.3
8

3
9
.0

51
.
2

10
.5

1
3
21

1
1
.9
8

23
0
05

23
00
6

So
u
t
h
 T
y
n
e
 a
t
 F
ea
th
er
s
to
n
e

3
67
1
50

5
60
95
0

32
3
.0
9

42
9

. 8
12

.3
0
.1
98

3
5

. 4
8

4
1
.
 5

5
6
.8

10
.7

14
7
0

10
.8
4

2
30
0
6

2
30
08

R
e
d
e
 a
t
 R
e
d
e
 B
r
id
g
e

3
86
95
0

58
33
50

3
45
.1
0

2
85
.0

12
8
.5

0
.1
09

47
.6
7

32
.7

44
. 0

9
. 4

10
2
4

20
.0
8

2
30
0
8

2
30
10

T
a
rs
e
t

B
um

a
t
 G
re
e
n
h
a
ug
h

37
8
80
0

5
87
7
50

95
.8
5

3
00

.0
14

8
.7

0
.2
58

17
.4
9

3
4
.1

4
5
.0

9
.7

10
64

1
3
 .5
1

2
3
01
0

23
0
1
1

K
ie
ld
er

B
u
r
n
a
t
 K
ie
ld
er

3
64
4
00

5
94
60
0

58
.8
6

4
07
.9

19
2
.6

0
. 1

48
12
.2
9

3
8
.3

5
0
.9

10
.6

14
0
1

12
.9
6

2
30
1
1

23
9
98

Re
d
es
d
a
le
 R
D
3

3
82
55
0

5
9
58
50

1
.
 9
5

3
0
6
.1

3
6
.3

0
.7
82

2
.3
8

3
0
.9

40
.0

9
.3

97
1

22
.5
8

23
9
98

23
99
9

R
e
d
es
d
a
le
 R
D
2

3
83
35
0

59
59
50

4
.1
3

2
90

.5
4

4
. 6

0
.7
3
4

3
.3
3

3
1
.
 0

40
.2

9
.2

9
55

2
2
.5
8

23
9
99

24
0
03

w
ea
r
 a
t
 S
ta
n
h
o
p
e

3
9
82
5
0

53
90
0
0

17
3
.2
1

47
1
.0

7
2
.1

0
.1
7
3

2
3
.2
8

42
. 4

5
5
.3

10
.4

13
07

13
.0
9

24
0
03

24
00

4
B
e
d
b
u
r
n
 B
e
c
k
 a
t
 B
e
d
b
u
r
n

4
1
1
95
0

53
21
5
0

74
.3
2

3
15
.9

94
.7

0
.3
42

17
.0
5

3
4

. 8
4
5
.1

10
.0

94
9

13
.1
5

24
0

0
4

24
0
0
5

B
ro
w
n
e
y
 a
t
 B
u
r
n
 H
a
l
l

4
2
59
0
0

53
88
0
0

17
8
.3
5

19
7
.5

9
0
.2

0
.2
57

3
4
.1
0

33
.3

43
.0

9
.9

7
5
1

18
.6
1

0
.6
50

0
.8
04

24
0
0
5

24
0
07

Br
o
w
n
e
y
 a
t
 L
a
n
ch
e
s
te
r

4
1
63
50

54
61
0
0

44
. 6

5
25
2
.3

7
3
.2

0
.3
89

14
.4
5

3
4

. 8
4

4
. 8

10
.1

7
9
5

13
.1
5

24
0
07

2
50
03

T
r
ou
t
 B
e
ck
 a
t
 M
oo
r
 H
ou
se

37
5
75
0

53
3
50
0

11
.
69

6
56
.5

4
5
.1

0
.5
7
2

5
.9
4

53
 .1

7
5
.8

1
1
.
 7

20
2
8

10
.8
0

25
0
03

25
0
04

Sk
er
n
e
 a
t
 S
ou
th
 P
a
rk

42
83
50

51
3
05
0

25
5
.1
9

10
0
.1

15
4
.0

0
.2
66

4
8
.2
0

2
8
.9

37
.2

9
.9

68
2

34
.7
1

0
.7
22

0
.7
1
9

25
0
04

25
0
05

L
e
v
e
n
 a
t
 L
e
v
e
n
 B
r
id
ge

4
44

50
0

5
12
10
0

19
3
.5
7

12
6
.6

30
0
.6

0
. 2

4
4

42
. 3

4
33
.3

4
3
.6

10
.1

7
2
6

32
.
 7
1

0
.5
7
3

0
.9
4
8

25
0
05

2
50
0
6

G
re
ta
 a
t
 R
u
th
e
r
fo
rd
 B
r
id
ge

4
03
2
50

5
1
22
50

8
6
.7
3

40
2
.1

55
.6

0
.3
1
1

2
3
.5
2

40
.3

54
. 4

10
.7

12
63

1
1
.
 7
7

25
0
0
6

25
0
1
1

L
a
n
gd
on
 B
e
c
k
 a
t
 L
a
n
gd
on

3
85
2
00

53
0
90
0

12
.7
3

54
3
.
 8

2
0
8
.6

0
.4
0
1

6
.6
4

44
. 2

59
.5

10
.7

14
54

1
3
 .1
5

2
50
1
1

2
50
12

Ha
r
w
o
o
d
 B
ec
k
 a
t
 H
a
r
w
oo
d

3
85
0
50

53
0
90
0

2
4
.8
9

53
7
.5

14
3
.2

0
.2
57

9
.6
2

4
9
.3

68
.7

1
1
.1

17
3
6

12
.7
6

2
50
12

2
50
19

L
e
v
e
n
 a
t
 E
a
sb
y

4
58
55
0

50
85
50

15
.0
6

2
15
.9

2
5
5
.9

0
.0
4
9

9
.2
1

37
.8

52
.0

10
.5

8
54

2
8
.7
3

25
01
9

25
80
9

B
o
g
W
e
ir
 a
t
 M
oo
r
 H
ou
se

37
7
30
0

53
27
00

0
.0
5

52
9
.9

10
9
.5

0
.7

2
4

0
.3
6

55
.5

7
9
.9

1
1
.8

19
97

10
.8
0

2
58
09

2
58
10

S
y
ke
 W
e
ir
 a
t
 M
oo
r
 H
ou
s
e

37
7
2
00

53
3
20
0

0
.0
4

53
4
.2

88
.0

0
.7
7
8

0
.3
3

5
5
.4

7
9
.8

1
1
.8

19
95

10
.8
0

2
58
10

2
58
1
1

L
o
ng
 W
e
ir
 a
t
 M
oo
r
 H
ou
s
e

37
7
0
50

53
17
50

0
.1
0

5
65
.6

10
3
.9

0
.
 90
6

0
.5
7

55
.7

80
.3

1
1
.9

20
10

10
.8
0

2
58
1
1

27
0
0
1

N
id
d
 a
t
 H
u
n
s
in
go
re
 W
e
ir

44
2
65
0

4
52
90
0

49
0
.0
5

19
6
.5

9
3
.8

0
.2
2
5

7
4
.9
3

3
8
.6

4
8

. 9
11

. 4
97
0

27
.3
0

0
.7
84

0
.6
0
0

27
00
1

2
70
10

H
od
ge
 B
e
e
k
 a
t
 B
ra
n
s
d
a
le
 W
e
ir

4
62
80
0

4
9
43
50

18
.8
7

32
2
.1

1
61
.
2

0
.2
34

9
.8
6

3
6
.0

47
. 4

10
.4

10
40

27
.1
0

27
0
10

27
02
6

R
o
t
h
er
 a
t
 W
h
i
tt
in
g
to
n

43
92
50

37
42
50

16
7
.0
4

1
63
.9

7
7
 .0

0
.2
27

18
.1
7

3
5
.2

43
.6

10
.4

7
9
6

3
1
.
1
1

0
.7
42

0
.7
33

27
02
6

27
02
7

W
h
a
r
fe
 a
t
 I
lk
le
y

41
1
0
50

44
81
50

4
47
.5
1

35
4
.6

1
62
.8

0
.1
2
8

63
.5
7

43
.5

5
8
.0

1
1
.1

1
3
82

12
.2
6

27
02
7

27
03
1

C
o
ln
e
 a
t
 C
o
ln
e
 B
r
id
ge

4
1
7
35
0

4
1
99
00

2
44
.7
7

24
6
.2

53
.9

0
.2
4
0

27
.7
5

4
4

. 4
60

.1
1
1
.1

1
1
34

16
.7
5

0
.7
0
1

0
.5
7
3

27
03
1

27
03
4

U
re
 a
t
 K
i
lg
ra
m
 B
r
id
ge

4
18
85
0

4
8
60
00

51
1
.
 8
9

3
64
.9

84
.1

0
.1
43

60
.0
8

45
. 3

5
9
.7

1
1
.1

1
3
42

1
1
.
67

27
0
3
4

27
03
5

A
i
re
 a
t
 K
il
d
w
ic
k
 B
r
id
g
e

40
14
0
0

44
57
50

2
82
.4
2

23
1
.2

1
69
.8

0
.1
25

37
.6
1

39
.3

5
2
.8

10
.5

1
1
3
5

12
.2
9

0
.6
04

0
.6
0
5

27
03
5

27
0
51

C
r
im
p
le
 a
t
 B
u
r
n
 B
r
id
g
e

42
83
50

4
5
19
00

8
.1
3

17
4
.8

8
6
.2

0
.4
16

5
.0
3

37
.8

4
5
.7

12
.8

8
64

37
.9
7

27
05
1

2
80
1
6

R
y
t
on
 a
t
 S
e
r
lb
y
 
Pa
rk

4
63
95
0

3
8
96
00

23
7
.5
7

68
.9

7
9
.0

0
.2
51

44
. 6

6
3
1
.
 6

4
1.
7

1
1

. 4
62
6

3
6
.1
1

0
.7
63

1
.
1
1
6

2
80
16

2
80
23

W
y
e
 a
t
 A
s
h
fo
rd

41
82
50

3
6
97
50

15
2
.1
7

33
9
.7

12
2
.4

0
.1
24

2
6
.2
9

37
.4

5
1
.
1

10
.0

12
0
1

19
.7
3

0
.5
56

1
.2
0
8

28
02
3

2
80
26

A
n
k
er
 a
t
 P
o
le
s
w
o
rt
h

42
62
50

30
3
25
0

37
0
.4
0

10
7
.8

2
55
.4

0
.0
89

3
9
.7
0

3
1
.7

3
9
.5

10
.7

6
80

4
1
.
 8
1

0
.7
5
9

1
.0
74

28
02
6

2
80
33

D
o
v
e
 a
t
 H
o
l
li
n
s
c
lo
u
gh

40
64

50
3
6
68
50

7
.9
6

40
7
.9

1
1
0
.9

0
.2
23

6
.1
2

41
. 

6
5
5
.6

10
.5

1
3
63

19
.7
3

28
03
3

2
80
41

H
a
m
p
s
 a
t
 W
a
te
rh
ou
se
s

40
8
10
0

35
03
50

36
.9
1

32
7
.9

1
1
0
.8

0
.2
28

15
.6
1

35
.4

4
4

. 5
10
.l

10
64

2
5
.4
5

28
04
1

2
80
70

B
u
rb
a
g
e
 B
ro
ok
 a
t
 B
u
rb
a
g
e

42
5
85
0

3
80
25
0

8
.3
6

3
85
.8

2
12
.3

0
.3
43

5
.9
1

38
.8

52
.3

10
.1

9
90

3
1
.
1
1

28
07
0

2
89
97

U
p
p
er
 S
m
i
sb
y

43
4
35
0

3
18
80
0

1
.
1
3

1
68
.3

15
3
.8

0
.4
23

1
.
6
6

3
1
.2

3
7
.6

10
.9

7
05

4
1
.
81

0
.9
17

1
.0
3
0

28
99
7



N
um

b
er

N
am

e
IH

D
T

M
NG

R
A

R
E

A
A

L
T

B
A

R
A

S
P

B
A

R
A

S
P

V
A

R
L

D
P

 
R

M
E

D
-A

D
R

M
E

D
-2

D
F

M
E

D
-IH

SA
A

R
,,

,
S

M
D

B
A

R
 

U
R

B
C

O
N

C
 U

R
B

L
O

C
N

um
be

r
km

?
m

de
gr

ee
s

km
m

m
m
m

m
m

m
m

m
m

2
89
9
8

L
o
w
e
r
 S
m
i
sb
y

43
5
4
00

3
18
20
0

2
.4
9

15
9
.5

14
5
.0

0
.4
59

3
.0
2

3
1
.
2

37
.7

10
.9

7
0
4

4
1
.
8
1

0
.5
69

1
.
15
1

2
8
9
9
8

28
9
99

C
l
i
ft
on
t
h
or
p
e

43
57
00

3
1
89
50

1
.
12

16
8
.8

14
5
.1

0
.5
2
6

1
.9
2

3
1
.4

37
.7

11
.
0

7
04

3
9
.8
8

2
8
9
9
9

2
90
0
1

W
a
it
h
e
 B
e
c
k
 a
t
 B
r
ig
s
le
y

52
5
15
0

4
0
17
00

10
8
.2
8

93
.7

3
6
.5

0
.1
9
1

24
.3
8

32
.1

40
.1

10
.3

73
0

4
4
.6
6

2
90
0
1

29
0
02

G
re
a
t
 E
a
u
 a
t
 C
la
y
t
h
o
r
e
 
M
il
l

54
1
60
0

3
7
9
15
0

8
0
.6
9

67
.6

7
0
.3

0
.1
93

17
.8
2

3
4
.8

4
1
.
6

1
1
.
2

7
1
8

4
4
.6
1

0
.2
80

0
.6
97

2
90
02

29
0
04

A
n
ch
o
lm
e
 a
t
 B
is
h
o
p
br
id
g
e

50
3
15
0

39
0
95
0

5
8
.9
2

27
.8

62
.0

0
.3
3
0

1
5
.4
8

2
9
.0

3
6
.7

11
.
3

63
5

4
6
.6
3

2
9
0
04

30
00
1

W
it
h
a
m
 a
t
 C
la
y
p
o
le
 M
il
l

48
4
2
50

3
4
8
1
50

29
6
.0
4

8
6
.1

2
6
.4

0
.1
3
9

52
.7
9

3
1
.7

4
1
.
1

10
.9

63
2

4
5
.9
0

0
.6
2
5

0
.8
8
0

3
0
00
1

30
00
4

Pa
r
t
n
ey

L
ym

n
a
t
 P
a
r
t
n
e
y
 M
il
l

54
0
3
50

3
67
50
0

5
9
.9
4

64
.9

9
0
.5

0
.2
7
1

17
.2
4

3
3
.9

4
1
.
3

1
1
.3

69
6

4
4
.3
0

0
.3
95

0
.8
6
8

30
0
0
4

30
0
17

W
it
h
a
m
 a
t
 C
o
ls
te
r
w
o
rt
h

49
2
85
0

3
2
4
75
0

50
.2
3

12
3
.2

80
.0

0
.2
83

14
.1
7

32
.4

42
.5

12
.1

64
9

4
4
.0
7

0
.3
99

0
.7
9
8

3
0
0
17

3
10
0
5

W
e
ll
a
n
d
 a
t
 T
ix
ov
e
r

49
6
85
0

2
9
96
50

4
19
.5
9

1
1
0
.8

9
8
.0

0
.1
07

5
6
.8
4

3
1
.7

4
0
.4

12
.1

64
4

41
.6
0

0
.5
92

1
.0
6
1

3
1
0
05

3
10
0
6

G
w
a
sh
 a
t
 B
e
lm
es
t
h
or
p
e

50
3
80
0

30
9
5
50

14
9
.4
9

10
3
.0

10
0
.3

0
.3
3
9

37
.9
4

30
.2

3
9
.5

11
.
8

63
8

4
2
.6
5

0
.5
2
6

0
.8
6
1

3
1
0
0
6

3
10
10

C
h
a
te
r
 a
t
 F
o
s
te
r
s
 B
r
id
g
e

49
6
10
0

30
3
10
0

6
8
.8
6

1
1
2
.
 8

10
8
.6

0
.1
68

23
.4
1

30
.6

3
9
.6

12
.2

64
0

4
1
.6
0

3
10
10

3
10
2
1

W
e
ll
a
n
d
 a
t
 A
s
h
le
y

4
82
0
50

29
15
0
0

2
47

.1
9

1
1
5
.3

10
5
.2

0
.0
98

32
.2
4

32
.0

4
0
.7

12
.1

6
5
4

4
1
.
6
0

0
.6
49

1
.0
57

3
10
2
1

31
02
3

W
e
s
t
 G
le
n
 a
t
 E
a
st
on
 W
o
o
d

49
6
65
0

32
58
50

4
.4
1

10
7
.7

8
4
.9

0
.3
69

3
.8
6

33
.1

42
.7

1
1
.7

64
7

4
6
.2
7

3
10
2
3

32
80
1

F
lo
re
 a
t
 E
x
p
e
ri
m
e
n
ta
l
 C
a
tc
h
m
e
n
t

3
2
8
0
1

32
9
99

E
a
st
on
 M
a
ud
it

4
8
8
4
0
0

25
93
0
0

15
.7
3

9
2
.7

1
6
.2

0
.2
7
2

7
.0
5

3
0
.2

3
8
.0

12
 .0

62
1

4
0
.1
9

0
.4
39

0
.9
4
3

3
29
9
9

3
30
14

L
a
rk
 a
t
 T
e
m
p
le

57
5
65
0

27
3
10
0

27
8
.4
3

59
.2

1
8
.1

0
.1
49

32
.9
9

2
8
.0

3
6
.8

10
.6

60
8

4
6
.8
4

0
.6
0
4

1
.
0
2
5

33
0
14

3
30
15

O
u
ze
l
 a
t
 W
il
l
e
n

4
88
2
50

24
0
6
50

27
9
.0
6

10
9
.0

3
5
6
.9

0
.0
7
7

4
2
.6
6

30
.7

3
8
.4

10
.2

65
8

3
9
.
 7
1

0
.6
53

0
.7
5
0

3
3
01
5

3
30
29

S
t
r
in
g
s
id
e
 a
t
 W
h
it
e
 B
r
id
g
e

57
1
7
00

30
0
4
50

97
.0
8

2
5
.2

2
03

.3
0
.1
80

19
.3
9

2
8
.4

3
6
.3

1
1
.1

63
3

50
.1
4

0
.6
4
0

1
.2
4
5

33
02
9

3
3
04
5

W
it
t
le
 a
t
 Q
u
id
e
n
h
a
m

60
2
55
0

2
87
75
0

2
7
.6
5

4
2
.4

2
93

.3
0
.2
23

9
.9
4

2
7
.6

3
4
.0

1
1
.0

62
7

42
.0
7

0
.5
3
9

0
,8
7
0

33
04
5

3
3
80
9

B
u
r
y
 B
ro
o
k
 a
t

B
ur

y
W
e
ir

52
8
60
0

28
3
8
50

61
.9
7

3
1
.
0

4
5
.2

0
.2
32

2
2
.0
5

2
8
.5

3
6
.4

1
1
.
4

5
5
8

50
.7
5

0
.4
9
5

0
.7
23

33
80
9

3
3
99
6

T
o
d
d
in
g
to
n

50
2
0
50

22
84
0
0

0
.8
8

1
3
6
.
 5

9
9
.4

0
.7
00

1
.9
2

3
0
.2

3
7
.4

1
0
.4

6
4
5

42
.7
0

0
.8
7
2

1
.
3
65

3
3
9
9
6

3
3
99
7

L
e
tc
h
w
o
rt
h

52
10
00

23
3
65
0

8
.4
6

9
1
.
0

3
14

.8
0
.3
2
3

6
.5
8

2
8
.8

3
5
.4

1
0
.6

5
82

42
.7
0

o.
7
1
8

0
.7
83

3
3
99
7

3
3
99
8

B
e
d
f
o
rd

5
10
0
50

2
4
90
50

2
3
.3
4

42
.1

3
4
5
.2

0
.5
70

10
.2
7

2
9
.9

37
.2

1
0
.7

5
50

4
9
.9
2

0
.5
0
8

1
.0
12

33
99
8

3
3
99
9

B
a
rt
on
-L
e
-C
la
y

3
39
9
9

3
4
00
3

B
u
re
 a
t
 I
n
g
w
o
rt
h

6
19
0
50

32
97
50

16
8
.0
9

50
.1

12
7
.7

0
.2
42

2
4
.8
0

2
9
.6

37
.1

1
1
.3

68
6

4
0
.9
7

0
.4
17

1
.0
52

34
0
03

3
4
00
5

T
u
d
 a
t
 C
o
s
te
s
se
y
 P
a
r
k

6
17
1
50

3
1
1
1
50

7
2
.0
2

4
6
.3

64
.0

0
.1
51

2
5
.4
3

2
8
.6

3
6
.1

1
1
.3

64
3

42
.0
7

0
.6
7
0

1
.2
3
8

3
4
0
0
5

3
4
00
7

D
o
ve
 a
t
 O
a
k
le
y
 P
ar
k

6
1
7
40
0

27
7
0
50

14
0
.1
0

50
.8

37
.5

0
.1
43

2
5
.2
8

2
6
.5

3
4
.8

10
.6

60
1

4
6
.4
0

0
.4
12

1
.0
4
5

3
4
0
07

34
0
1
1

W
e
n
s
u
m
 a
t
 F
a
k
e
n
h
a
m

59
1
85
0

32
93
0
0

16
2
.1
0

62
.0

4
9
.3

0
.1
22

2
5
.9
9

30
.4

3
8
.6

1
1
.1

70
1

4
1
.
82

0
.4
9
3

0
.9
4
4

3
4
0
1
1

3
50
08

G
ip
p
in
g
 a
t
 S
to
w
m
a
r
ke
t

60
5
95
0

25
7
85
0

12
7
.4
3

62
.3

6
9
.5

0
.1
49

17
.6
5

2
6
.7

3
4
.0

10
.5

60
6

4
6
.4
0

0
.6
1
9

0
.4
7
0

3
5
00
8

3
60
08

S
to
u
r
 
a
t
 W
e
s
t
m
il
l

5
82
85
0

24
64
50

22
3
.6
3

89
.2

12
3
.0

0
.1
23

40
.9
1

2
8
.7

3
6
.3

10
.7

60
6

47
.6
6

0
.5
7
9

0
.9
7
0

3
6
00
8

3
7
00
1

R
o
d
i
n
g
 a
t
 R
e
d
b
ri
d
g
e

54
15
00

1
8
82
50

30
1
.2
0

67
.6

12
4
.3

0
.0
9
6

64
.2
8

3
1
.
2

3
9
.4

1
1
.2

6
10

4
3
.5
4

0
.7
33

0
.4
2
7

37
0
0
1

37
00
3

T
e
r
 a
t
 C
ra
b
bs
 B
r
id
g
e

57
8
50
0

2
10
7
50

7
7
.8
1

5
9
.4

15
0
.1

0
.2
16

2
8
.7
2

2
8
.8

3
6
.9

1
1
.
5

59
1

40
.8
0

0
.4
19

0
.8
2
6

37
0
03

3
7
00
7

w
id
 a
t
 W
r
it
t
le

5
6
8
4
5
0

20
60
50

1
3
5
.7
3

69
.0

6
3
.2

0
.1
7
9

2
7
.8
6

31
.
8

3
8
.7

11
.7

60
6

4
6
.1
5

0
.6
7
7

1
.
07
7

37
0
07

37
00
8

C
h
el
m
er
 a
t
 S
p
ri
n
g
fi
e
ld

57
1
1
50

20
69
50

19
0
.1
3

7
7
.4

1
3
1
.
8

0
.1
7
6

4
5
.0
9

2
8
.7

3
5
.7

1
1
.3

60
0

4
0
.8
0

0
.6
3
7

0
.5
2
8

3
70
0
8

3
7
03
1

C
ro
u
ch
 a
t
 W
ic
k
fo
rd

57
4
85
0

1
9
35
50

7
0
.3
7

3
6
.6

8
6
.9

0
.2
43

16
.0
2

3
1
.
 5

3
8
.0

1
1
.
 9

5
9
4

4
9
.3
0

0
.7
69

1
.0
1
6

3
70
3
1

3
7
99
9

N
o
rt
h
 W
ea
ld

54
9
45
0

20
37
50

1
.
 5
3

10
2
.8

1
7
.8

0
.5
9
0

2
.0
6

32
.3

4
0
.5

1
1
.6

61
7

4
0
.8
0

0
.4
55

0
.0
7
8

3
79
9
9

3
80
03

M
i
m
r
a
m
 at
 P
a
n
s
h
a
n
ge
r
 P
a
rk

52
83
50

2
13
15
0

1
3
0
.
 53

12
0
.7

1
3
3
 .5

0
.1
84

32
.0
1

3
0
.0

3
8
.1

10
.6

6
4
1

42
.7
0

0
.6
5
8

0
.8
6
0

3
80
03

3
80
07

Ca
n
o
n
s
 B
ro
ok
 a
t
 E
li
za
b
e
t
h
 W
ay

54
32
00

2
1
05
50

2
0
.8
0

7
4
.6

33
4
.9

0
.3
7
8

7
.7
7

3
1
.
 8

3
8
.9

11
.
1

6
1
1

4
0
.8
0

0
.7
60

0
.8
8
0

3
80
07

3
90
04

W
a
n
d
l
e
 a
t
 B
e
d
d
i
ng
to
n
 P
a
rk

52
94
50

1
6
54
50

1
1
8
.
 3
4

14
4
.7

34
5
.5

0
.2
83

2
3
.8
7

33
.3

4
3
.8

11
.
0

76
8

37
.5
0

0
.6
9
8

0
.6
1
8

3
90
0
4

3
90
0
5

B
e
v
er
le
y
 B
ro
ok
 a
t
 W
i
m
b
le
d
on
 C
o
m
m
o
n

52
17
00

17
1
85
0

3
9
.7
1

4
1
.
2

34
6
.3

0
.3
2
5

1
7
 .3
7

33
.3

3
9
.9

1
0
.4

6
3
4

4
4
.3
9

0
.8
7
0

1
.
0
1
6

3
9
0
0
5

3
90
07

B
la
ck
w
a
te
r
 a
t
 S
w
a
ll
o
w
fi
e
ld

47
3
20
0

1
6
4
6
50

36
0
.3
7

8
8
.2

3
5
1
.6

0
.1
85

37
.2
5

32
.0

4
1
.
3

1
1
.8

7
11

3
8
.4
8

0
.6
80

1
.
13
7

3
90
0
7

3
90
12

Ho
g
s
m
i
ll
 a
t
 K
in
g
s
to
n
U
p
o
n
T
h
a
m
es

5
1
83
5
0

1
6
87
00

7
2
.8
9

7
1
.7

34
2
.5

0
.3
80

2
1
.1
8

3
3
.0

4
2
.4

10
.7

6
8
4

4
1
.7
5

0
.7
8
0

0
.7
60

3
9
0
12

3
90
17

R
a
y
 a
t
 G
re
n
do
n
 U
n
de
r
w
o
o
d

3
9
01
7

3
90
1
8

c
k
 a
t
 A
b
in
g
d
on

4
4
8
4
5
0

1
9
69
00

2
48

.2
3

8
7
.4

67
.8

0
.1
9
6

3
4
.3
6

32
.1

3
9
.5

9
.7

6
4
6

3
9
.1
4

0
.6
2
5

0
.9
15

3
90
1
8

3
90
22

L
o
d
d
on
 a
t
 S
h
e
e
p
b
ri
d
g
e

47
18
50

1
6
50
50

17
6
.4
9

9
4
.1

3
1
.
0

0
.2
8
1

3
1
.
0
0

32
.4

4
1
.
1

1
1
.1

7
59

3
7
.9
0

0
.6
10

1
.
18
4

3
90
2
2

3
90
25

E
n
b
o
r
n
e
 a
t
 B
r
i
m
p
ton

4
5
68
00

16
49
50

14
2
.1
3

12
0
.1

3
8
.8

0
.2
7
9

2
6
.8
9

3
3
.2

43
.5

1
1
.
2

7
95

3
8
.2
4

0
.4
5
4

0
.9
1
0

3
9
02
5

39
0
2
6

C
h
e
r
w
e
l
l
 a
t

B
an

bu
ry

44
5
65
0

2
4
12
50

2
04

.6
0

13
9
.8

15
4
.0

0
.1
1
7

30
.0
4

3
3
.8

4
1
.9

11
.4

7
00

4
0
.9
8

0
.6
0
1

0
.7
5
5

3
90
2
6

3
90
3
6

L
a
w
 B
ro
o
k
 a
t
 A
lb
u
r
y

50
4
60
0

14
6
90
0

1
6
.0
0

1
3
9
.1

33
5
.7

0
.3
42

8
.8
6

3
5
.3

4
7
.5

1
1
.9

83
6

3
5
.1
1

3
90
3
6

39
0
52

T
h
e
 C
u
t
 a
t
 B
in
f
ie
ld

4
8
53
00

17
1
4
00

50
.2
0

7
4
.8

34
1
.
3

0
.1
82

1
3
.8
8

3
2
.4

4
0
.8

12
.6

6
8
8

43
.2
0

0
.6
9
6

0
.8
6
1

3
90
52

3
90
53

M
o
le
 a
t
 H
a
r
le
y

52
7
05
0

14
3
2
50

9
1
.
59

87
.6

9
.9

0
.3
0
1

17
.6
0

3
5
.8

4
7
.6

1
1
.7

82
5

3
5
.1
1

0
.7
32

0
.9
2
8

3
90
5
3

- t &



- a.ii h
Nu

m
be

r
N

am
e

D
T

M
 N

G
R

A
R

E
A

A
L

T
B

A
R

A
S

P
B

A
R

A
S

P
V

A
R

L
O

P
 R

M
E

D
-1D

R
M

E
D

-2
0

R
M

E
D

-1
H

 S
A

A
R

.,,
. S

M
D

BA
R

 U
R

BC
O

N
C

 U
R

BL
O

C
N

u
m

b
er

ka
n

m
d

eg
re

es
km

m
m

m
m

m
m

m
m

m
m

3
90
92

D
o
l
li
s
 B
k
 a
t
 H
e
n
do
n
 L
a
n
e
 B
ri
d
ge

52
4
0
50

18
93
5
0

2
3
.7
6

88
.9

13
5
.4

0
.1
96

1
1
.9
5

33
.5

43
.7

10
.9

7
0
3

4
4
.5
5

0
.8
4
5

0
.8
4
0

3
90
92

3
98
1
3

M
o
le
 a
t
 I
fi
e
ld
 W
e
ir

52
4
50
0

13
62
50

13
.1
3

96
.7

35
7
.2

0
.4
2
6

5
.4
0

3
6
.5

48
.3

1
1
.8

84
4

3
5
.1
1

0
.7
56

0
.8
7
0

3
9
8
13

3
98
14

C
ra
w
t
e
r
s
 B
ro
o
k
 a
t
 H
a
z
le
w
ic
k

3
9
81
4

3
98
3
0

B
e
c
k
 a
t
 R
e
c
to
r
y
 R
o
a
d

3
9
83
0

3
98
3
1

C
h
a
ff
in
ch
 B
ro
ok
 a
t
 B
e
c
ke
n
h
a
m

3
9
83
1

3
99
9
0

W
in
g
ra
v
e

3
99
90

3
99
9
1

T
r
in
g

3
9
9
9
1

3
99
92

S
te
v
e
n
a
ge

52
68
00

2
2
27
50

4
.0
2

10
7
.1

15
2
.7

0
.4
4
9

4
.8
2

3
0
.5

37
.8

10
.8

63
8

42
.7
0

0
.7
3
3

1
.1
4
8

39
9
92

39
9
93

S
ou
t
h
 H
in
s
ke
y

45
0
65
0

2
0
39
50

1
.
 5
1

1
1
4
.2

7
7
.6

0
.5
5
9

2
.
 7
1

31
.
 6

3
9
.3

10
.0

65
0

3
8
.0
3

3
99
9
3

3
99
94

Lu
t
on

3
99
9
4

3
99
95

H
oo
k

3
99
95

3
99
9
6

H
o
l
m
e
 G
re
e
n

48
25
50

16
7
00
0

10
.2
1

8
0
.8

30
3
.7

0
.4
9
6

6
.1
5

3
1
.8

40
.7

12
.5

67
3

43
.2
0

0
.7
64

1
.
2
50

3
9
99
6

3
99
97

B
ic
e
s
te
r

3
9
99
7

3
99
98

B
ee

nh
am

4
58
4
50

16
94
50

3
.2
9

1
1
0
.5

59
.9

0
.3
87

3
.4
0

30
.0

3
9
.4

1
1
.2

70
0

39
.2
1

0
.5
0
0

0
.7
67

3
99
9
8

3
99
99

A
y
le
sb
u
r
y

3
9
99
9

4
00
04

R
o
th
er
 a
t
 U
d
ia
m

57
7
45
0

12
4
65
0

20
5
.
 3
6

8
0
.6

1
1
2
.
 8

0
.1
1
2

3
1
.
2
0

36
.6

4
8
.8

1
1
.
 6

8
61

35
.6
1

0
.5
17

0
.9
80

40
0
04

40
00
6

B
o
u
r
n
e
 a
t
 H
ad
lo
w

56
32
0
0

14
95
50

50
.2
1

97
.7

15
5
.8

0
.2
0
8

16
.3
2

3
3
.6

44
.7

1
1
.9

7
3
3

35
.5
8

0
.5
64

1
.0
44

40
0
06

40
00
7

M
e
d
w
a
y
 a
t
 C
h
a
f
fo
r
d
 W
e
ir

55
1
60
0

14
06
50

2
52
.4
0

10
8
.3

2
8
.0

0
.0
62

2
9
.2
4

3
4
.8

47
.2

1
1
.7

85
2

3
5
.4
7

0
.6
0
5

1
.2
2
9

40
00
7

4
00
0
8

G
re
a
t
 S
to
u
r
 a
t
 W
y
e

60
50
50

1
4
7
1
50

2
2
6
.0
7

7
6
.9

2
0
5
.4

0
.1
62

3
5
.3
7

3
3
.7

44
.0

1
1
.9

7
50

3
7
.6
9

0
.6
64

0
.7
2
1

4
00
0
8

4
00
0
9

Te
is
e
 a
t
 S
to
n
e
 B
r
id
ge

57
1
8
50

14
0
0
50

13
4
.4
3

93
.1

50
.5

0
.1
1
4

22
.5
0

35
.0

47
.9

1
1
.
8

80
9

3
5
.5
2

4
00
0
9

40
0
10

E
d
e
n
 a
t
 P
e
n
s
hu
r
st

5
52
15
0

14
3
85
0

22
4
.8
8

82
 .6

1
3
7
 .0

0
.1
07

33
.5
6

3
2
.9

44
.1

11
.4

7
64

3
5
.3
3

0
.5
4
9

1
.2
20

40
01
0

4
10
0
5

O
U
se
 a
t
 G
o
ld
 B
ri
dg
e

54
27
50

12
15
0
0

18
2
.2
6

7
6
.9

17
6
.6

0
.1
60

2
9
.1
8

3
5
.9

47
.5

1
1
.7

8
3
6

3
5
.2
0

0
.6
9
0

0
.9
7
6

4
10
0
5

4
1
00
6

U
ck
 a
t
 I
s
fi
e
ld

54
59
00

1
1
8
95
0

87
.8

4
72

.5
2
17
.5

0
.1
79

17
.6
2

3
5
.1

4
6

.5
1
1
.
 5

83
7

3
6
.0
1

0
.6
64

0
.6
14

4
1
00
6

4
1
00
7

A
r
u
n
a
t
 P
a
rk
 M
ou
n
d

50
37
00

12
14
00

40
1
.3
3

6
1
.
4

17
9
.8

0
.0
73

47
.9

4
3
5
.1

4
6
.7

11
.4

80
1

3
5
.6
5

0
.7
3
6

1
.1
42

4
10
07

41
0
1
5

E
m

s
a
t
 W
e
st
b
o
u
r
n
e

4
7
54
50

10
7
2
50

57
.9
3

97
.1

19
7
.3

0
.3
52

17
.0
2

40
.0

50
.7

10
.0

9
59

3
7
.6
3

0
.4
8
1

0
.8
1
3

4
10
1
5

4
10
2
0

S
e
v
er
n
 S
tr
ea
m
a
t
C
la
p
p
e
rs
 B
r
id
ge

54
2
15
0

1
1
6
45
0

3
5
.2
3

5
1
.
4

52
.0

0
.2
5
8

14
.5

2
37

.l
4

9
.0

1
1
.
 5

8
81

3
7
.3
4

0
.4

48
1
.1
2
2

4
10
20

4
10
2
1

C
la
y
h
il
l
 S
tr
ea
m
 a
t
 O
ld
 S
h
ip

54
4

85
0

1
1
5
30
0

7
.0
9

20
.7

2
52
.5

0
.2

44
6
.4
7

3
5
.3

45
.8

11
.4

80
3

37
.7
6

4
10
2
1

41
02
2

L
o
d
 a
t
 H
a
l
f
w
a
y
 B
r
id
g
e

49
32
50

12
2
3
50

52
.2
2

82
.1

14
7
.4

0
.1
52

18
.2
7

3
8
.5

4
9

.3
10
.9

8
86

37
.2
3

4
1
02
2

4
1
02
5

L
ox

w
oo

d
St
re
a
m
 a
t
 D
r
u
n
ge
w
ic
k

50
5
85
0

1
3
07
50

93
.8
1

6
9
.2

1
1
3
.8

0
.1
53

2
7
.6
0

3
6
.1

4
8
.7

11
.6

80
6

3
6
.3
9

0
.3
53

0
.8
2
8

41
0
2
5

4
1
02
8

C
h
e
ss
 S
tr
e
a
m
 a
t
 C
h
e
s
s
 B
r
id
g
e

5
21
8
50

1
1
7
4
00

2
4
.9
6

43
.1

3
3
4
.0

0
.3
32

1
1
.3
9

3
6
.5

4
6

.9
11

.4
84

7
37

.2
6

0
.5
65

0
.9
7
2

4
10
2
8

41
8
0
1

H
o
ll
in
g
to
n
 S
tr
ea
m
 a
t
 H
o
l
l
in
g
to
n

57
88
00

1
1
00
50

3
.4
7

6
9
.7

20
3
.8

0
.3
5
1

4
.1

9
3
3
.2

44
.3

1
1
.1

7
7
8

37
.7
6

0
.9
02

0
.9
8
5

4
1
80
1

45
0
02

E
x
e
 a
t
 S
to
o
d
l
e
ig
h

2
94
2
50

1
1
7
65
0

42
0
.8
7

2
83
.8

16
7
.6

0
.1
50

55
.4

4
4

5
.8

62
.3

12
.1

14
2
1

1
8
.0
9

4
50
02

4
50
03

C
u
l
m
 a
t
 W
oo
d
 M
i
l
l

3
02
10
0

10
5
95
0

22
8
.6
9

15
3
.4

2
32

.3
0
.0
54

29
.7
0

3
6
.0

47
.0

1
1
.1

9
96

2
8
.7
1

4
5
00
3

45
0
04

A
x
e
 a
t
 W
h
it
f
o
rd

32
62
50

9
5
40
0

2
88
.5
8

13
7
.6

12
4
.9

0
.0
35

3
6
.0
6

4
0
.1

5
1
.
9

11
.4

10
53

2
9
.7
5

4
50
04

45
00
9

E
x
e
 a
t
 P
ix
to
n

2
93
45
0

12
6
15
0

14
7
.8
1

30
9
.2

18
5
.1

0
.2
04

35
.7
6

4
7
.7

65
.5

12
.2

14
4
6

17
.2
0

4
50
0
9

4
50
1
1

B
a
r
l
e
 a
t
 B
r
u
sh
fo
r
d

2
92
70
0

12
5
85
0

12
8
.0
1

34
6
.6

15
2
.7

0
.1
7
1

40
.1
3

52
.4

69
.4

12
.9

16
7
1

1
6
.3
4

4
50
1
1

4
60
03

D
a
r
t
 a
t
 A
u
s
ti
n
s
 
B
r
id
ge

27
4
95
0

6
60
50

24
8
.9
0

32
7
.1

13
1
.
0

0
.1
4
8

38
.0
3

63
.1

83
.1

1
3
.8

1
7
06

2
1
.
 8
3

4
60
03

4
60
0
5

E
a
s
t
 D
a
r
t
 a
t
 B
e
l
l
e
v
er

2
65
7
50

7
7
6
50

22
.2
9

45
8
.3

14
4

.6
0
.2
5
6

13
.2
7

67
.1

9
1
.
2

14
.2

20
1
3

22
.1
1

4
60
0
5

4
68
02

S
w
in
co
m
b
e
 at
 S
w
i
n
co
m
b
e
 In
ta
k
e

2
63
20
0

7
1
85
0

14
.1
8

40
1
.8

0
.8

0
.2
12

5
.4
0

67
.2

8
6
.8

14
.5

19
2
1

2
1
.
84

4
68
02

4
68
05

B
a
la
 B
ro
o
k
 a
t
 B
a
la
 I
n
t
a
k
e

2
67
3
50

62
8
00

5
.5
9

39
2
.6

12
7
.8

0
.5
17

3
.4
5

66
.5

8
8
.7

14
.3

2
15
6

2
1
.
8
6

4
68
05

47
00
7

Y
e
a
l
m
 a
t
 P
u
s
li
n
c
h

2
57
5
50

5
12
00

5
6
.4
2

16
8
.5

19
6
.6

0
.2
90

1
8
.5
6

4
8
.1

63
.2

12
.5

14
81

2
1
.
4
6

0
.5
93

0
.5
1
1

47
0
07

47
0
08

T
h
r
u
s
he
l
 a
t
 T
i
n
h
a
y

23
9
85
0

8
5
55
0

1
1
2
.
 7
1

1
62
.8

2
27

.2
0
.1
72

20
.5
7

3
8
.5

4
9
.1

12
.0

12
2
7

17
.7
8

47
0
0
8

47
0
1
1

P
ly
m
 a
t
 C
a
r
n
 W
oo
d

2
52
2
50

6
1
4
00

7
9
.5
6

27
7
.6

2
49

.1
0
.2
96

20
.0
0

54
.1

68
.0

13
.3

15
87

2
1
.
02

0
.4

94
0
.7
1
7

47
0
11

47
01
3

W
it
h
e
y
 B
ro
ok
 a
t
 B
a
st
re
e
t

22
4
55
0

7
64
50

15
.9
3

28
6
.7

2
27

.1
0
.0
30

6
.8

9
4

8
.6

66
.5

13
.0

17
63

20
.9
2

4
70
13

4
80

0
4

W
ar
le
g
ga
n

 at
 T
r
e
n
go
f
fe

2
15
85
0

67
2
5
0

25
.2
1

2
18
.6

2
0
6
.1

0
.2
09

12
.4
0

4
4

.2
63

.4
12
.2

1
5
18

2
3
.8
6

48
0

04
4
80
05

K
e
n
w
y
n
 at
 T
r
u
r
o

18
2
15
0

4
49

50
19

.0
9

82
.4

11
4

.4
0
.1
91

8
.8
3

3
6
.0

4
9

.2
1
1
.0

1
1
07

2
7
.0
9

0
.8
53

0
.4

4
9

4
80

0
5

4
80
09

S
t
 N
e
o
t
 a
t
 C
ra
ig
sh
i
ll
 W
oo
d

2
18
4
00

6
62
00

22
.8
6

23
1
.4

18
6
.7

0
.3
2
6

1
3
 .3
8

4
5
.0

64
.0

12
.2

1
6
17

23
.8
6

4
80

0
9

49
00
3

D
e

L
an

k
a
t
 D
e

L
an

k
2
13
2
50

7
6
55
0

2
1
.
 7
0

2
83

.1
2
4
5
.3

0
.1
6
5

7
.7
0

47
.7

66
.3

12
.9

17
2
5

2
3
.3
4

4
90
0
3

51
00
2

H
o
r
n
er
 W
a
te
r
 a
t
 W
es
t
 L
u
cc
o
m
b
e

2
89
85
0

14
5
95
0

20
.4
9

3
40

.6
23

.9
0
.2
87

12
.0
3

50
.9

68
.4

12
.5

14
4

4
1
6
.3
4

51
0
02

52
00
4

Is
le
 a
t
 A
s
h
fo
rd
 M
il
l

33
59
50

,1
1
88
5
0

87
.4
2

93
.0

3
1
.
4

0
.2
65

17
.3
9

39
.1

5
1
.
2

1
1
.4

93
7

29
.1
9

0
.7
93

1
.
12
6

52
00
4



N
um

be
r

N
am

e
IH

D
T

M
NG

R
A

R
E

A
A

L
T

B
A

R
A

SP
BA

R
A

S
P

V
A

R
L

D
P

 R
M

E
D

-ID
 

R
M

E
D

-2
D

 R
M

E
D

-1H
 S

A
A

R
,

,, 
SM

D
BA

R
 

U
R

BC
O

NC
 U

R
B

L
O

C
 N

um
be

r
kI

T
??

m
de

gr
ee

s
km

m
m

m
m

m
m

m
m

m
m

52
00
5

T
on
e
 a
t
 B
is
ho
p
s
 H
u
l
l

3
2
0
4
50

12
5
05
0

2
03

.6
3

14
3
.8

6
8
.2

0
.1
7
8

3
9
.9
3

3
6
.2

4
8
.8

1
1
.1

99
1

3
4
.0
9

0
.8
2
8

0
.6
4
8

52
0
0
5

52
00
6

Y
e
o
 a
t
 P
e
n
 M
i
l
l

3
57
3
50

1
1
6
05
0

2
16
.1
7

9
5
.3

5
5
.1

0
.0
7
2

2
9
.3
1

37
.6

4
6
.9

11
.
2

90
3

32
.5
8

0
.7
0
8

0
.6
4
2

52
00
6

52
0
10

B
r
u
e
 a
t
 L
o
v
in
g
to
n

35
9
15
0

13
1
8
0
0

1
3
9
.
 52

10
4
.7

2
1
8
.3

0
.1
67

2
2
.4
4

3
4
.1

4
4
.2

10
.7

8
8
2

32
.9
3

0
.4
9
2

0
.8
0
4

52
0
1
0

52
0
16

C
U
r
r
y
p
o
ol
 S
tr
e
a
m
 a
t
 C
u
r
r
y
p
oo
l
 F
a
r
m

3
22
0
00

1
3
82
0
0

15
.7
2

18
1
.l

63
.l

0
.4
57

8
.9
3

3
6
.6

4
8
.2

11
.5

96
9

35
.3
3

52
0
1
6

52
02
0

G
a
ll
ic
a
 S
tr
e
a
m
 a
t
 G
a
ll
ic
a
 B
r
id
g
e

35
7
0
50

10
9
8
50

1
6
.4
4

1
1
9
.1

0
.0

0
.2
61

7
.0
5

4
1
.
 0

50
.2

1
1
.5

10
27

3
2
.5
5

52
02
0

53
00
5

M
id
fo
r
d
 B
ro
ok
 a
t
 M
id
fo
rd

37
63
50

1
6
1
1
50

14
7
.4
0

12
5
.3

52
.4

0
.1
5
1

23
.2
5

37
.9

50
.9

1
1
.2

9
7
1

3
2
.9
3

0
.6
2
6

1
.0
7
0

53
0
0
5

53
00
7

F
r
o
m
e(
so
r
n
e
rs
e
t
)
 a
t
 T
e
l
l
is
fo
rd

38
0
65
0

15
62
50

2
61

.8
5

14
3
.2

5
5
.2

0
.1
7
6

3
9
.5
1

37
.5

4
8
.9

1
1
.2

9
67

33
.3
8

0
.6
4
6

o.
7
7
2

53
0
0
7

53
00
8

Av
on
 a
t
 G
re
a
t
 S
o
m
er
fo
rd

39
64
5
0

18
3
20
0

30
5
 .1
1

1
1
8
.
 6

1
1
3
 .2

0
.2
80

33
.5
7

3
3
.0

42
.0

10
.3

83
5

3
2
.9
9

0
.5
62

0
.8
7
0

53
0
0
8

53
00
9

W
e
l
lo
w
 B
ro
ok
 a
t
 W
e
ll
o
w

37
4
00
0

1
57
9
50

73
.4
7

1
3
5
.3

4
6
.2

0
.2
2
1

17
.7
9

3
8
.2

52
.1

1
1
.3

10
20

32
.9
3

0
.6
2
3

0
.9
64

53
0
09

5
40
0
4

S
o
w
e
 a
t
 S
to
n
e
le
ig
h

43
32
00

2
7
32
50

2
63

.2
9

10
3
.7

1
4
4
.3

0
.1
9
4

33
.1
9

33
.0

42
.0

10
.8

69
0

4
1
.4
4

0
.8
3
6

0
.8
37

5
40
0
4

5
40
0
6

S
to
u
r
 a
t
 K
id
d
e
r
m
in
s
te
r

3
83
0
50

2
7
67
50

3
1
1
.
 45

11
3
.4

2
50

.4
0
.0
7
8

4
1
.
5
6

3
1
.
 2

3
8
.8

10
.7

7
00

3
8
.6
1

0
.8
24

1
.1
5
8

5
4
00
6

54
0
10

S
to
u
r
 a
t
 A
l
sc
o
t
 P
a
rk

42
0
65
0

2
50
8
50

3
16
.9
6

12
2
.0

1
.
1

0
.1
1
4

42
.
 7
2

34
.2

4
1
.9

10
.9

67
8

3
9
.2
7

0
.5
67

0
.9
8
5

5
4
01
0

54
0
1
1

S
a
lw
a
r
p
e
 a
t
 H
a
r
fo
rd
 M
i
ll

3
8
68
5
0

2
6
19
50

18
6
.2
0

82
.5

2
0
9
.2

0
.2
3
4

2
8
.9
9

3
0
.7

37
.0

10
.6

67
5

4
4
.6
7

0
.7
1
2

1
.
03
4

5
40
1
1

54
0
16

R
od
e
n
 a
t
 R
ed
i
n
g
to
n

35
8
90
0

3
14
2
50

2
6
1
.
 9
0

89
.6

1
19
.3

0
.1
0
5

4
6
.3
7

2
9
.0

3
6
.5

9
.4

7
1
2

3
5
.1
9

0
.
 52
0

0
.8
6
5

5
40
1
6

54
0
19

A
v
on
 a
t
 S
ta
re
to
n

43
3
15
0

27
1
50
0

3
4
6
.3
2

1
1
8
.8

27
2
.6

0
.1
2
5

60
.3
0

3
1
.
 6

3
9
.6

1
1
.
5

69
2

41
.1
3

0
.7
5
6

0
.8
2
3

5
40
19

54
0
20

Pe
r
r
y
 a
t
 Y
e
a
to
n

34
3
25
0

3
1
92
0
0

1
83

.1
8

10
2
.3

12
8
.
 7

0
.1
16

3
4
.1
6

2
9
.0

3
7
.5

9
.2

7
7
6

2
4
.4
5

0
.5
32

1
.1
3
0

5
4
02
0

54
0
22

Se
v
e
r
n
 a
t
 P
ly
n
l
i
m
on
 F
lu
m
e

2
85
3
0
0

2
87
2
0
0

8
.6
8

50
0
.2

1
1
5
.1

0
.4
3
3

5
.6
5

7
2
.
 9

97
.8

1
3
 .2

2
2
5
1

9
.3
6

54
0
22

54
02
7

Fr
e
m
e
 a
t
 E
b
le
y
 M
i
ll

3
83
00
0

2
0
4
55
0

19
7
.1
1

17
8
.9

1
53
.8

0
.1
2
8

2
9
.2
9

3
5
.2

4
6
.6

10
.4

88
8

3
5
.3
3

0
.5
82

0
.5
5
8

54
02
7

54
03
4

D
o
w
le
s
 B
ro
o
k
 a
t
 D
o
w
le
s

37
6
65
0

27
65
0
0

42
.0
7

12
8
.2

7
5
.8

0
.1
2
5

1
4
.0
9

33
.l

4
4
.2

1
1
.
2

7
58

3
8
.5
7

54
0
3
4

54
0
90

Ta
n
ll
w
y
t
h
 a
t
 T
a
n
ll
w
y
t
h
 F
lu
m
e

54
0
90

5
4
9
9
9

D
r
a
y
t
on
 D
T
2

54
99
9

5
50
0
8

W
y
e
 a
t
 C
e
fn
 
Br
w
y
n

2
82
80
0

2
8
37
00

10
.5
6

4
95

.8
14
2
.8

0
.3
62

5
.7
4

7
5
.3

10
1
.4

1
3
 .2

2
3
94

9
.3
6

5
50
0
8

55
0
12

Ir
fo
n
 a
t
 C
il
m
er
y

2
9
94
50

2
50
5
50

24
6
.4
1

33
3
.4

1
3
5
.
 5

0
.1
12

3
8
.8
3

50
.0

6
6
.4

10
.8

16
40

9
.5
2

5
5
0
12

55
0
2
1

Lu
gg
 a
t
 B
u
t
ts
 B
r
id
g
e

3
50
35
0

2
5
8
90
0

3
65
.1
3

2
32

.3
13
5
.0

0
.1
97

52
.2
2

3
5
.0

4
4
.9

10
.0

9
51

2
6
.6
0

0
.5
49

0
.4
7
1

5
50
2
1

55
02
2

T
r
o
t
h
y
 a
t
 M
it
ch
e
l
 T
r
oy

3
50
1
50

2
1
1
25
0

14
2
.4
1

1
1
4
.7

1
3
9
.2

0
.1
2
7

32
.6
6

37
.9

4
7
.8

10
.1

9
4
4

27
.8
7

5
50
22

55
0
2
5

L
ly
n
fi
 a
t
 T
h
r
e
e
 C
o
c
ks

3
16
5
50

2
37
45
0

13
1
.4
8

2
3
8
.8

3
54
.
 5

0
.0
3
8

2
0
.0
6

3
9
.2

49
.7

9
.9

10
00

16
.6
6

5
50
2
5

55
0
2
6

W
y
e
 a
t
 O
d
o
l
 F
a
n
n

2
97
65
0

2
67
4
50

17
2
.6
8

38
7
.4

12
4
.2

0
.1
04

3
7
.1
6

52
.6

69
.9

1
1
.
1

16
1
1

10
.9
9

5
50
2
6

5
50
3
4

C
y
ff
 a
t
 C
y
f
f
 
F
lu
m
e

2
8
22
50

2
8
42
00

3
.1
1

48
1
.
l

12
1
.4

0
.3
99

3
.8
3

7
8
.3

10
6
.1

13
.4

2
4
1
4

9
.3
6

5
50
34

5
60
02

E
b
b
w
 a
t
 R
h
iw
d
e
r
y
n

32
59
0
0

18
87
5
0

2
12
.2
9

3
1
6
.1

1
83
.l

0
.1
8
1

4
1
.
40

52
.
 7

7
0
.0

1
1
.8

1
52
7

18
.9
8

0
.6
29

1
.0
0
4

5
60
02

5
60
03

H
on
d
d
u
 a
t
 T
h
e
 F
or
g
e
 B
re
c
o
n

3
0
50
0
0

22
9
85
0

62
.5
3

3
1
1
.5

17
5
.0

0
.2
1
6

2
0
.7
5

43
.1

56
.6

10
.4

12
52

16
.3
2

5
60
03

56
0
04

U
sk
 a
t
 L
la
n
d
e
tt
y

3
12
7
0
0

2
2
0
45
0

5
56
.5
6

32
8
.2

1
04

.6
0
.0
67

52
.4
1

52
.3

70
.3

1
1
.4

14
9
1

13
.1
8

5
60
0
4

56
0
05

L
w

yd
a
t
 P
on
t
h
ir

3
32
85
0

1
92
40
0

98
.3
3

2
83

.9
13
6
.5

0
.2
64

2
7
.8
8

53
.
 6

6
8
.1

11
.7

14
6
8

18
.9
5

0
.7
09

0
.
 67
0

5
60
0
5

5
60
06

U
sk
 a
t
 T
r
a
l
lo
n
g

2
94
5
5
0

22
96
5
0

19
3
.9
9

3
4
4
.3

47
.l

0
.0
5
1

2
4
.1
6

5
9
.5

8
1
.9

12
.2

16
63

11
.2
4

5
60
0
6

5
60
1
1

S
ir
h
o
w
y
 a
t
 W
a
t
ts
v
i
ll
e

32
04
5
0

1
9
11
5
0

7
6
.2
6

32
0
.2

1
6
4
.8

0
.1
82

3
3
.
 7
1

53
.
 5

7
1
.
 8

1
1
.9

15
37

18
.8
0

0
.6
3
6

0
.9
5
0

56
0
1
1

57
0
04

C
y
n
on
 a
t
 A
b
e
rc
y
o
n

30
80
5
0

19
56
0
0

10
3
.5
4

27
0
.4

16
9
.9

0
.1
0
9

2
8
.6
9

6
6
.8

90
.0

1
3
.l

17
6
6

14
.7
7

0
.6
17

0
.8
02

57
0
0
4

57
0
05

T
a
ff
 a
t
 P
o
n
ty
p
r
id
d

3
08
0
5
0

1
8
96
5
0

4
5
1
.9
9

32
0
.1

1
5
6
.1

0
.1
4
0

4
5
.7
4

63
.
 6

8
4
.7

12
.7

1
8
4
2

17
.0
5

0
.6
3
9

0
.7
42

57
00
5

57
0
06

R
h
on
d
d
a
 a
t
 T
r
e
h
a
fo
d

30
52
50

19
10
0
0

10
2
.5
7

32
8
.6

11
7
.2

0
.1
63

2
4
.9
3

7
1
.8

9
4
.9

13
.7

22
01

17
.2
5

0
.6
3
8

0
.7
05

5
70
0
6

58
0
01

O
g
m
o
re
 a
t
 B
r
id
g
e
n
d

2
90
30
0

17
93
50

15
7
.9
7

2
1
1
.0

18
5
.9

0
.1
85

2
5
.0
1

54
.3

7
2
.3

12
.5

1
8
4
4

16
.9
2

0
.6
4
9

0
.7
84

58
00
1

58
0
02

N
e
a
t
h
 a
t
 R
e
so
lv
e
n

2
8
14
50

20
16
50

19
0
.9
3

3
18
.1

19
8
.0

0
.1
69

3
1
.
62

63
.
 8

8
8
.l

12
.5

19
75

1
1
.2
9

0
.6
42

0
.6
50

5
80
02

58
0
03

E
w
e
n
n
y
 a
t
 E
w
e
n
y
 P
r
io
r
y

2
9
15
50

17
81
0
0

63
.8
5

8
4
.5

2
1
1
.
2

0
.2
37

14
.7
3

43
.2

5
8
.2

11
.6

13
74

17
.2
2

0
.6
52

0
.7
39

58
00
3

5
80
0
6

M
e
l
lt
e
 a
t
 P
on
t
n
e
d
d
f
e
c
h
a
n

2
9
13
50

2
0
8
10
0

65
.1
8

4
00

.9
19
4
.6

0
.2
80

17
.4
8

63
.
 5

86
.4

12
.5

2
11
1

1
1
.2
5

5
80
0
6

5
80
0
8

D
u
la
is
 a
t
 C
il
fr
e
w

27
7
9
0
0

20
0
95
0

43
.3
6

2
2
9
.1

2
57

.5
0
.1
9
6

15
.5
5

5
1
.8

73
.6

1
1
.5

17
57

1
1
.2
5

0
.6
03

1
.2
7
6

5
80
08

5
80
09

E
w
e
n
n
y
 a
t
 K
e
e
p
e
r
s
 L
o
dg
e

2
92
1
50

17
82
50

63
.2
5

8
5
.2

2
1
1
.2

0
.2
37

14
.0
7

43
.3

5
8
.2

11
.6

13
81

17
.2
2

0
.6
5
6

0
.7
27

58
00
9

60
0
02

C
o
t
h
i
 
a
t
 F
e
l
i
nM

yn
ac

hd
y

2
50
8
50

22
2
50
0

2
9
8
.5
4

2
3
1
.4

18
3
.9

0
.1
1
3

5
1
.
3
1

5
1
.
0

68
.1

1
1
.6

1
63
7

1
3
 .6
6

60
0
02

60
0
03

T
a
f
 a
t
 C
lo
g
-y
-
fr
a
n

2
2
3
9
50

2
1
58
50

2
1
6
.7
3

12
4
.8

17
7
.5

0
.0
8
9

3
6
.6
0

43
.3

60
.4

1
1
.
5

14
10

2
1
.7
2

60
0
0
3

60
0
06

G
w
i
li
 a
t
 G
la
n
g
w
i
li

2
42
9
50

22
2
0
50

13
0
.9
8

18
8
.1

19
4
.1

0
.1
3
6

2
6
.0
9

51
.9

70
.2

12
.3

16
14

17
.2
3

60
00
6

60
0
07

y
w
i
 a
t
 D
o
la
u
 H
ir
io
n

2
7
62
0
0

23
60
50

2
20
.5
3

3
50

.5
16
5
.7

0
.1
1
0

3
9
.0
8

5
1
.
1

6
8
.0

1
1
.2

1
7
4
4

9
.6
3

60
00
7

61
0
01

W
e
s
te
r
n
 C
le
d
d
a
u
 a
t
 P
r
e
n
de
r
g
a
s
t
 M
i
ll

19
52
50

2
17
8
50

19
7
.7
6

10
8
.4

2
0
6
.4

0
.1
0
8

2
9
.4
5

42
.5

57
.8

1
1
.
6

12
82

2
4
.9
6

6
10
0
1

6
10
03

G
w
a
u
n
 a
t
 C
i
lr
h
e
d
y
n
 B
r
id
ge

2
00
40
0

23
50
0
0

31
.2
9

23
1
.1

2
9
4
.5

0
.1
7
5

1
1
.0
5

50
.8

66
.7

12
.0

14
68

2
4
.9
6

61
00
3

62
0
02

T
e
if
i
 a
t
 L
la
n
fa
ir

2
43
4
50

2
4
04
50

51
7
.0
5

2
42

.7
2
7
2
.4

0
.0
9
1

7
3
.2
8

43
.3

5
9
.3

10
.7

1
4
1
4

1
4
.0
6

62
00
2

- M 9



- h» @

N
um

be
r

N
am

e
IH

D
T

M
 NG

R
A

R
E

A
A

L
T

B
A

R
A

SP
BA

R
A

S
P

V
A

R
L

D
P

R
M

E
D

-1D
R

M
E

D-2
D

 R
M

E
D

-IH
 S

A
A

R
,,,

, S
M

D
BA

R
 U

R
BC

O
NC

 U
R

B
L

O
C

 Nu
m

be
r

ka
?

m
d

eg
re

es
km

m
m

m
m

m
m

m
m

m
m

63
99
8

T
r
aw
sg
oe
d

63
9
9
8

63
99
9

P
w
l
l
pe
ir
a
n

2
8
10
50

2
7
87
50

1
.
97

53
3
.2

19
7
.4

0
.3
2
9

3
.0
2

60
.8

7
9
.8

12
.3

2
10
6

9
.4

1
63
9
99

64
00
1

D
y
f
i
 a
t
 D
y
fi
 B
r
id
g
e

2
74
3
50

30
1
90
0

4
64
.5
6

2
81
.
2

2
2
2
.2

0
.0
7
1

3
9
.9
2

58
.4

7
5
.6

11
.1

18
3
8

9
.2
8

64
0
0
1

65
0
0
1

G
la
s
ly
 
a
t
 B
e
d
d
ge
le
r
t

2
5
92
0
0

34
7
65
0

67
.2
3

33
9
.0

2
0
8
.8

0
.0
7
2

17
.2
2

80
.0

10
5
.9

13
.0

3
03
0

10
.3
7

6
50
0
1

65
8
0
1

N
a
n
t
 P
er
is
 a
t
 T
a
n
-y
r
-a
ll
t

2
60
7
50

3
58
05
0

10
.3
0

52
7
.5

30
7
.5

0
.1
87

5
.4
6

90
.8

12
3
.9

1
4
.3

3
63
9

7
.4

1
6
58
0
1

66
00
2

E
lw
y
 a
t
 P
a
n
t
 Y
r
 O
n
e
n

30
2
1
50

37
03
00

2
18
.6
3

2
69
.5

3
3
.9

0
.1
61

40
.2
6

42
.8

59
.1

10
.1

10
84

12
.8
9

6
60
0
2

66
00
4

W
h
e
e
le
r
 a
t
 B
o
d
fa
r
i

3
10
60
0

37
1
5
50

62
.9
4

20
6
.9

2
3
9
.9

0
.0
81

1
3
.8
3

33
.3

44
.1

10
.1

85
4

3
3
.3
1

6
60
0
4

66
00
6

E
lw
y
 
a
t
 P
on
t
-y
-g
w
y
d
de
l

2
95
3
50

3
7
1
9
50

19
1
.
 4
0

28
4
.3

27
.5

0
.1
60

2
9
.7
0

43
.9

60
.8

10
.1

1
1
2
8

12
.3
1

66
0
0
6

66
0
1
1

C
on
w
y
 
a
t
C
W
m

Ll
a
n
e
rc
h

2
8
03
0
0

3
58
2
50

33
9
.8
6

3
4
1
.6

1
9
.9

0
.0
10

3
1
.
83

64
.0

85
.8

11
.
 7

2
16
5

7
.6
1

6
60
11

67
0
03

B
re
n
ig
 a
t
 L
ly
 
Br
e
n
ig
 O
u
t
f
lo
w

29
7
50
0

3
54
0
50

22
.1
7

4
18
.9

17
2
.2

0
.2
4
7

7
.5
7

42
.0

5
8
.1

10
.2

13
0
1

7
.5
5

67
00
3

67
00
5

C
e
ir
io
g
 a
t
 B
r
y
n
k
in
a
lt
 W
e
ir

32
96
50

33
7
2
50

1
1
1
.9

4
3
84
.7

9
8
.7

0
.1
8
6

30
.2
1

4
1
.
3

5
5
.3

10
.3

12
51

1
8
.9
5

67
0
05

67
00
8

A
ly

n
a
t
 P
o
n
t
-y
-c
ap
e
l

33
34
50

3
53
95
0

22
7
.1
6

23
2
.1

62
.4

0
.1
7
9

50
.0
3

3
5
.0

4
5

.5
10
.1

90
2

2
5
.1
6

0
.6
83

0
.5
57

67
0
08

67
01
0

G
e
ly
 
a
t
 C
y
n
ef
a
il

2
84
3
50

34
19
50

12
.8
9

42
3

.1
2
3
4
.6

0
.0
2
0

7
.4
2

61
.
 9

84
.4

12
.2

2
04
6

7
.4
1

67
0
10

68
00
6

D
a
n
e
 a
t
 H
u
l
m
e
 W
a
l
fi
e
ld

3
84
60
0

3
64
2
50

15
1
.1
0

2
62
.9

2
60
.4

0
.2
07

33
.9
1

3
6
.6

4
5

.8
10
.4

10
59

2
0
.2
5

0
.7
3
1

0
.3
81

68
00
6

68
0
10

F
e
n
d
er
 a
t
 F
or
d

32
7
9
50

3
8
81
50

17
.5
9

4
4

.6
7
.9

0
.2
12

8
.9
1

3
0
.0

3
8
.9

10
.4

7
84

33
.3
1

0
.8
4
9

0
.8
27

68
0
10

68
0

14
S
a
n
de
rs
on
s
 
B
r
oo
k
 a
t
 S
a
n
d
b
a
ch

68
0

14
69
00
8

D
e
a
n
 a
t
 S
ta
n
n
e
y
la
n
d
s

6
90
0
8

69
01
1

M
i
ck
er
 B
ro
ok
 a
t
 C
h
e
a
d
le

69
0
1
1

69
0
12

B
o
l
li
n
 a
t
 W
il
m
s
lo
w

3
84
85
0

3
8
15
50

67
 .8
9

1
83
.6

3
19
.1

0
.2
3
8

22
.6
7

33
.5

4
3

.6
10
.3

92
3

19
.7
3

0
.7
3
5

1
.0
10

69
0
12

69
0
13

S
in
d
er
la
n
d
 B
r
oo
k
 a
t
 P
ar
t
in
g
to
n

37
2
7
00

3
90
50
0

4
5

.0
8

37
.2

32
7
.5

0
.4
7
2

1
6
.9
3

3
1
.
3

4
1
.
3

10
.8

82
3

3
0
.0
6

0
.7
4
9

1
.
1
1
3

69
0
1
3

69
01
8

N
e
w
t
on
 B
ro
ok
 a
t
 N
e
w
t
on

L
e
W
il
lo
w
s

3
58
40
0

3
93
3
00

32
.2
5

4
9

.4
14
3
.5

0
.3
15

1
6
.8
6

34
.4

4
6
.5

11
.6

90
8

32
.1
9

0
.7
7
4

1
.0
1
6

69
0
1
8

6
90
1
9

W
o
rs
le
y
 B
ro
ok
 a
t
 E
cc
le
s

37
53
50

3
97
85
0

2
3
.7
4

60
.4

18
8
.7

0
.5
55

12
.3
0

34
.3

4
6
.3

1
1
.2

9
62

23
.1
2

0
.7
7
1

0
.9
97

69
0
1
9

69
02
0

M
e
d
lo
ck
 a
t
 L
o
n
do
n
 R
oa
d

3
84
7
5
0

3
97
55
0

52
.
 7
2

15
3
.
 6

2
33

.2
0
.4
2
6

2
1
.4
2

3
8
.0

5
1
.
 7

1
1
.2

10
53

1
6
.5
0

0
.8
2
1

0
.8
66

6
90
2
0

69
02
7

Ta
m
e
 a
t
 P
o
r
tw
oo
d

3
90
4
50

3
9
l
90
0

14
6
.6
0

2
5
8
.0

2
54
.8

0
.2
7
8

44
.5
8

42
.4

5
6
.3

1
1
.4

1
1
81

17
.0
9

0
.7
7
0

0
.5
9
8

6
90
2
7

69
03
1

D
it
to
n
 B
ro
ok
 a
t
 G
re
e
n
s
 B
r
id
g
e

3
4
55
50

3
8
66
50

4
8
.7
6

37
.2

17
4
.5

0
.2
58

1
1
.
 8
6

30
.5

42
.1

11
.
0

87
7

34
.5
6

69
03
1

69
03
4

M
u
sb
u
r
y
 B
ro
ok
 a
t
 H
e
l
m
s
ho
r
e

37
7
40
0

42
13
0
0

3
 .1
4

3
18
.5

7
1
.
8

0
.4
77

3
.1
8

43
.9

62
.4

12
.1

14
7
4

19
.6
9

69
03
4

69
80
2

E
t
h
er
ow
 a
t
 W
o
o
d
h
ea
d

69
80
2

7
00
06

T
aw
d
 
a
t
 N
e
w
b
u
rgh

34
69
0
0

4
10
85
0

2
8
.3
2

7
1
.4

3
0
7
.5

0
.2
2
4

1
3
.
 03

3
6
.2

47
.4

1
1
.4

97
9

19
.6
9

0
.6
9
1

1
.1

44
7
00
0
6

7
1
0
03

C
ro
a
sd
a
le
 a
t
 C
ro
a
sd
a
le
 F
lu
m
e

37
06
0
0

4
54
7
50

10
.6
6

34
5
.4

14
8
.2

0
.3
4
8

5
.9
9

55
.3

7
5
.4

12
.0

17
9
4

12
.5
0

7
1
00
3

7
1
00
4

C
a
ld
er
 a
t
 W
h
a
l
le
y
 W
e
ir

37
3
05
0

43
60
00

3
17
 .1
1

2
2
1
.
2

2
9
1
.
8

0
.1
4
7

39
.9
5

4
0
.6

55
.l

10
.8

12
1
1

1
6
.4
3

0
.7
69

0
.8
42

7
1
00
4

7
1
00
8

H
od
de
r
 a
t
 H
o
d
de
r
 P
la
ce

37
0
5
50

4
3
99
50

2
58
.3
9

24
5
.2

1
6
5
.9

0
.1
3
1

4
1
.1
0

5
0
.9

6
9
.0

1
1
.4

15
3
3

12
.7
3

7
1
00
8

7
1
80
2

R
ib
b
le
 a
t
 H
a
l
to
n
 W
es
t

3
85
10
0

45
52
0
0

2
06
.6
8

3
16
.6

2
0
0
.1

0
.0
9
8

41
.1

1
4

4
.9

6
1
.
 7

1
1
.1

14
83

12
.0
7

7
1
80
2

7
1
80
4

D
u
n
so
p
 a
t
 F
oo
th
o
l
m
e

3
65
3
00

4
52
95
0

24
.9
3

3
64
.2

2
0
5
.6

0
.1
9
8

8
.6
3

59
.1

8
1
.
3

12
.5

18
66

12
.5
0

7
1
80
4

7
2
00
2

W
y
r
e
 a
t
 S
t
 M
ic
h
a
e
ls

34
64
50

4
4
10
50

27
6
.5
6

14
6
.9

25
0
.6

0
.3
65

37
.3
6

4
1
.6

5
4
.0

10
.7

12
53

14
.3
7

0
.
 63
3

0
.6
88

7
2
00
2

7
2
0
0
6

Lu
n
e
 a
t
 K
ir
k
b
y
 L
o
n
sd
a
le

3
61
50
0

47
7
95
0

5
10
.3
1

3
15
.6

2
7
5
.9

0
.0
81

53
.0
4

54
.5

75
.0

11
.9

1
62
2

7
.3
4

7
2
00
6

7
2
81
8

N
e
w
 M
il
l
 B
ro
o
k
 a
t
 C
a
r
v
er
s
 B
r
id
g
e

34
7
90
0

43
80
00

65
.0
8

60
.4

2
6

4
.9

0
.3
35

1
8
.6
7

36
.8

4
8
.5

10
.3

10
60

18
.8
1

0
.6
3
1

1
.1
69

7
2
8
18

7
2
82
0

B
u
r
n
es
 G
il
l
 
a
t
 T
e
b
a
y
 (
M
6
)

7
2
82
0

73
00
5

K
e
n
t
 a
t
 S
e
d
g
w
ic
k

3
50
90
0

4
87
55
0

2
12
.3
8

23
5
.0

1
8
1
.
 6

0
.1
5
5

3
2
.9
8

5
4
.1

74
.7

1
1
.5

17
5
6

7
.2
4

0
.6
5
0

0
.4
3
1

73
00
5

73
00
7

T
r
ou
tb
e
ck
 a
t
 T
r
ou
tb
e
c
k
 B
r
id
ge

34
05
50

5
00
8
50

2
3
.9
4

34
8
.0

2
0
5
.6

0
.2
32

1
1
.
4
0

68
.7

93
.
 5

1
3
.0

2
15
2

7
.2
4

73
0
07

73
00
8

B
e
la
 a
t
 B
e
e
t
h
a
m

34
96
00

4
80
45
0

13
2
.1
5

1
3
1
.
6

2
4
8
.0

0
.2
0
0

2
7
.7
3

43
.6

5
6
.5

10
.5

13
02

8
.4

2
73
00
8

7
38
03

W
in
s
te
r
 a
t
 L
ob
b
y
 B
r
id
ge

34
2
3
00

4
8
85
50

22
.2
0

10
0
.6

14
3

.4
0
.1
1
2

11
.7
9

4
9
.5

65
.0

1
1
.1

15
0
8

7
.2
2

7
3
80
3

73
80
4

B
ra
th
a
y
 a
t
 B
r
a
t
h
a
y
 H
a
l
l

33
6
65
0

50
3
45
0

57
.4

4
2
87
.9

92
.0

0
.1
60

16
.0
9

84
.1

12
1
.7

14
.3

2
8
59

6
.8
9

73
8

04
74
00
1

D
u
d
d
on
 a
t
 D
u
d
do
n
 H
a
l
l

3
19
5
50

4
89
55
0

85
.6
9

3
15

.0
15
7
.0

0
.0
87

2
1
.4
1

62
.3

83
.9

12
.7

2
3
61

6
.8
9

7
40
01

75
00
6

N
e
w
la
n
d
s
 
B
e
ck
 a
t
 B
ra
it
h
w
a
ite

32
3
9
50

52
40
50

33
.8
1

3
53

.7
4

2
.5

0
.2
52

12
.0
2

63
.3

84
.7

12
.4

23
77

9
.4

3
7
50
0
6

7
50
07

G
le
n
de
ra
m
a
ck
in
 a
t
 T
h
r
e
lk
e
ld

33
2
15
0

52
4
80
0

62
.9
9

3
53

.8
3
4
7
.0

0
.1
53

18
.1
0

56
.0

7
5
.2

1
1
.5

18
37

12
.4

4
7
50
07

7
60
0
5

E
d
e
n
 a
t
 T
e
m
p
le
 S
ow
er
b
y

3
60
4
00

52
81
5
0

61
8
.5
8

2
83

.1
32
2
.5

0
.1
0
5

60
.8
6

41
.
0

5
6
.5

10
.7

12
1
0

8
.9
3

7
60
0
5

7
60
0
8

Ir
t
h
i
n
g
 a
t
 G
r
e
e
n
h
ol
m
e

3
4
85
00

55
80
0
0

33
3
.7
5

2
2
5
.0

2
1
9
.2

0
.1

4
4

60
.5
6

35
.1

4
6
.5

10
.4

10
73

1
1
.
52

7
60
0
8

7
60
1
1

C
oa
l
 B
u
r
n
 a
t
 C
oa
lb
u
r
n

3
69
4
50

57
7
8
50

1
.
5
5

3
0
6
.0

16
3
.9

0
.4
91

1
.7
9

39
.3

52
.4

10
.6

1
1
63

1
1
.7
3

7
60
1
1

7
60
14

E
d
e
n
 a
t
 K
ir
k
b
y
 S
te
p
he
n

37
7
2
5
0

5
0
98
50

6
8
.1
8

3
91
.
2

3
0
8
.8

0
.2
12

22
.5
0

50
.8

7
1
.0

1
1
.7

13
83

8
.1
0

7
60
14

7
68
0
5

F
or
ce
 B
e
c
k
 a
t
 M
6
 
(s
h
op
)

35
7
7
50

51
3
5
00

3
.9
7

32
6
.7

3
1
9
.
 7

0
.2
80

3
.6
8

50
.6

7
0
.4

12
.0

15
08

7
.2

4
7
6
80
5



N
u

m
b

er
N

am
e

IH
D

T
M

 NG
R

A
R

E
A

A
L

T
B

A
R

A
SP

BA
R

A
SP

V
A

R
L
O
P

R
M

E
D

-1D
R

M
E

D
-2D

 R
M

E
D

-IH
 S

A
A

R
,

,,
S

M
D

BA
R

U
R

B
C

O
N

C
U

R
B

LO
C

N
um

b
er

kI
m

d
eg

re
es

km
m
m

m
m

m
m

m
m

m
m

7
7
0
0
2

E
sk
 a
t
 C
a
n
on
b
ie

3
3
9
7
0
0

5
7
5
2
50

4
9
5
.8
6

2
7
9
.3

1
8
2
.1

0
.1
4
3

5
9
.9
0

4
4

.6
5
8
.6

1
1
.
 6

1
5
0
6

1
1
.3
6

7
7
0
0
2

7
9
0
0
6

N
i
th
 a
t
 D
r
u
r
n
la
n
r
ig

2
8
5
7
5
0

5
9
9
2
50

4
6
9
.1
8

3
2
7
.6

3
2
.5

0
.0
7
5

5
9
.0
2

4
6
.3

63
.
 6

1
0
.8

1
5
8
1

8
.7
2

7
9
0
0
6

8
0
0
0
3

W
h
it
e
 L
a
g
ga
n
 
B
u
r
n
 a
t
 L
o
ch
 D
e
e

2
4
6
8
0
0

5
7
8
0
0
0

5
.
 7
1

4
4
0
.5

2
.9

0
.3
67

4
.2

2
7
1
.8

9
9
.9

1
4
.3

2
1
4
1

7
.9
1

8
0
0
0
3

8
3
0
0
2

G
a
m
o
ck
 a
t
 D
a
lr
y

2
2
9
3
0
0

6
4
8
9
5
0

9
0
.7
7

2
0
1
.2

1
5
0
.6

0
.3
0
2

1
9
.9
4

4
8

.5
6
3
.2

1
0
.9

1
6
9
3

1
2
.5
2

0
.6
7
9

0
.5
3
7

8
3
0
0
2

8
4
0
0
2

C
a
ld
er
 a
t
 M
u
i
rs
h
ie
l

2
3
0
9
0
0

6
6
3
6
5
0

12
.2
7

3
5
8
.4

5
0
.6

0
.3
8
3

8
.6
0

5
7
.
 6

8
0
.4

1
2
.5

2
2
4
8

1
2
.5
2

8
4
0
0
2

8
4
0
0
8

R
o
tt
e
n
 C
a
ld
e
r
 W
a
te
r
 a
t
 R
e
d
le
e
s

2
6
7
9
5
0

6
6
0
2
5
0

5
4
.8
4

1
9
2
.2

2
1
.
1

0
.2
9
3

2
2
.0
3

3
7
.3

5
2
.1

9
.2

1
1
8
3

1
5
.3
8

0
.8
2
7

0
.7
0
1

8
4
0
0
8

8
4
0
1
2

W
h
it
e
 C
ar
t
 W
a
te
r
 a
t
 H
aw
k
h
ea
d

2
5
0
0
5
0

6
6
2
9
0
0

2
2
9
.6
8

1
4
8
.3

7
.8

0
.2
4
8

3
7
.1
9

4
0
.7

5
6
.6

9
.7

1
2
7
1

1
3
 .
0
0

0
.8
4
3

0
.7
4
7

8
4
0
1
2

8
4
0
2
2

D
u
n
ea
to
n
 a
t
 M
a
id
e
n
co
ts

2
9
2
7
5
0

6
2
5
9
5
0

1
1
1
.
 2
1

3
4
1
.3

6
8
.1

0
.1
1
0

3
1
.
1
3

4
1
.
3

5
7
.3

9
.9

1
3
3
2

7
.8
9

8
4
0
2
2

8
5
0
0
2

E
n
d
r
ic
k
 W
a
te
r
 a
t
 G
a
id
r
e
w

2
4
8
3
5
0

6
8
6
7
0
0

2
1
9
.1
4

1
9
2
.2

3
1
8
.8

0
.1
12

3
9
.9
5

4
1
.7

5
6
.6

9
.9

14
3
2

9
.0
7

8
5
0
0
2

9
6
0
0
1

H
a
l
la
d
a
le
 a
t
 H
a
ll
a
d
a
le

2
8
9
0
5
0

9
5
6
2
5
0

1
9
4
.0
4

1
7
4
.5

1
.5

0
.1
3
7

2
8
.3
6

3
3
.2

4
6

.3
8
.2

10
5
5

7
.
 62

9
6
0
0
1

2
0
2
0
0
4

M
u
ff
 a
t
 E
g
l
in
to
n

2
5
3
4
0
0

4
2
1
0
5
0

2
6
.8
3

10
9
.9

3
3
1
.
 6

0
.3
5
3

1
0
.5
8

3
2
.7

4
4

.4
7
.6

10
4
6

12
.9
0

0
.8
1
5

0
.2
7
1

2
0
2
0
0
4

2
0
2
0
0
5

M
u
ff
 a
t
 M
u
f
f
 G
le
n

2
5
2
4
0
0

4
1
8
9
5
0

1
4
.6
0

1
2
1
.
2

3
4
6
.1

0
.4
5
4

6
.0
4

3
2
.8

43
.9

9
.4

1
0
6
5

12
.9
0

2
0
2
0
0
5

2
0
2
0
0
6

C
a
s
t
le
 a
t
 G
o
r
te
n
n
y

2
5
3
0
5
0

4
1
9
2
5
0

5
.6
9

1
3
0
.4

12
8
.4

0
.1
0
8

6
.8
7

3
2
.7

4
3
.1

9
.2

10
5
8

12
.9
0

2
0
2
0
0
6

2
0
3
0
4
6

R
a
th
r
n
or
e
 a
t
 R
a
th
r
n
or
e
 B
r
id
g
e

2
0
3
0
4
6

2
0
3
0
4
9

C
la
d
y
 a
t
 C
la
dy
 B
ri
dg
e

3
1
9
9
5
0

3
8
3
7
5
0

2
9
.4
2

19
2
.
 5

2
9
0
.8

0
.4
7
1

1
4
.2
2

3
6
.6

4
9

.2
1
0
.7

10
6
6

1
7
.2
9

2
0
3
0
4
9

2
0
3
0
5
0

B
a
ll
y
sa
ll
y
 B
la
g
h
 a
t
 U
n
iv
e
r
s
it
y
 o
f
 U
ls
te
r

2
0
3
0
5
0

2
0
3
0
9
4

C
ou
g
h
r
n
i
ll
s
 W
a
te
r
 a
t
 C
ou
gh
 M
il
ls

3
0
6
9
5
0

4
1
7
7
5
0

2
2
.1
9

2
0
9
.9

2
6
4
.1

0
.4
5
6

1
0
.8
8

3
9
.0

5
2
.2

9
.1

12
4

6
1
2
.1
8

2
0
3
0
9
4

2
0
3
0
9
5

K
il
la
ga
n
 W
a
te
r
 a
t
 K
il
la
ga
n
 
B
r
id
g
e

2
0
3
0
9
5

2
0
4
0
0
3

T
o
w
 a
t
 F
a
ir
h
il
l

3
1
1
7
0
0

4
4
0
6
0
0

2
3
.7
9

1
1
7
.9

8
0
.0

0
.1
82

9
.3
2

3
6
.2

49
.5

8
.0

1
1
5
0

1
2
.1
8

0
.8
5
8

0
.2
1
1

2
0
4
0
0
3

2
0
4
0
0
4

B
e
a
gh
s
 
B
u
m
 
a
t
 B
e
ag
h
s
 B
r
id
g
e

3
1
7
7
5
0

4
2
9
7
5
0

2
.7
9

3
3
3
.0

1
4

8
.4

0
.3
0
2

3
.3
9

4
8

.8
6
4
.7

9
.4

1
6
0
1

1
2
.1
8

2
0
4
0
0
4

2
0
5
1
0
1

B
la
c
ks
ta
ff
 a
t
 E
a
so
n
s

2
0
5
1
0
1

2
0
5
1
0
5

C
o
tt
on
 a
t
 G
ra
n
d
m
er
e
 P
a
rk

3
3
7
0
0
0

3
7
3
10
0

12
.0
4

6
0
.3

2
6
8
.4

0
.2
1
1

7
.6
1

3
6
.1

4
7
.5

10
.3

9
6
8

1
7
.2
9

0
.9
3
7

0
.8
1
7

2
0
5
1
0
5

2
0
6
0
0
7

T
u
ll
y
 B
ra
n
n
ig
a
n
 a
t
 B
o
n
ny

'
 s

3
3
62
5
0

3
3
1
1
0
0

3
.1
9

2
6
5
.2

4
4

.0
0
.5
6
9

3
.
 0
8

6
6
.0

8
2
.5

12
.
 6

1
5
2
2

1
6
.6
7

2
0
6
0
0
7

2
3
6
0
52

C
o
r
lo
u
gh
 a
t
R
a
w
B
r
id
g
e

2
4
2
2
0
0

3
4
2
3
5
0

12
.0
4

1
5
5
.1

3
4
6
.1

0
.4
5
4

6
.0
4

3
2
.8

4
3
.9

9
.4

1
0
8
5

1
3
.5
4

2
3
6
0
5
2

2
3
6
0
53

P
u
b
bl
e
 a
t
 R
a
to
ra
n

2
3
3
0
5
0

3
4
6
3
0
0

1
6
.4
6

,
 1
5_
7
.
 8

12
8
.4

0
.1
0
8

6
.8
7

3
2
.7

4
3
.1

9
.2

1
1
0
6

1
2
.4
2

2
3
6
0
5
3

- w q



Catchment descriptors

Index
adjusting URBo n values 49-50
ALTBAR 11-13

values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 12-13, 94-113

AREA 5-6
values for 252 Flood Event Archive catchments 115-120, 122-127
values for 943 gauged catchments 73-92, 94-113

artificial surfaces 43-44
ASPBAR 14-17

values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 14-17, 94-113

aspect 14-18
ASPVAR 16-18

values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 17-18, 94-113

attenuation effect 19

base flow index 28, 30
BFI 28, 30
BFIHOST 30-31

values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 73-92

CD-ROM 3-4, 64-68
CORINE 41, 43-44

Digital Terrain Model 1, 5-6
DPLBAR 10-11

values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 10-11, 73-92

DPSBAR 13-15
values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 14-15, 73-92

drainage area 5-6
drainage netw orks 2-3
DTM 1, 5-6
DTM-derived drainage area 5-6

FARL 20-26
composite attenuation factor 22-23
identifying reservoirs 24
local index 21-22
nested lakes 23, 26
off-line lakes 20-21
on-line lakes 20-21
values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchmen t s 24-25, 73-92

FEH CD-ROM 3-4, 64-68
manual adjustment pro cedure 65-68

flood attenuation 19
FSR catchment characteristics 1-3

HOST 27-30
hydrology of soil types 27-30
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Index

IHDTM 1-3, 5-6
catchment boundaries 5-6
problem catchments 6

invariab ility in aspect 16-18

LAKE index 3, 19
lakes 19-26
land cover 39-44
Land Cover Map of Great Britain 39-42
LDP 7-10

values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 7-9, 94-113

longest drainage path 7-10

manual adjustment of descriptor values 65-68
mean altitude 11-13
mean aspect 14-17
mean daily soil moisture deficit 35-36
mean drainage path length 10-11
mean drainage path slope 13-15
median annual maximum rainfall 27
Meteorological Office Rainfall and Evaporation Calculation System 31-33
MORECS 31-33

Northe rn Ireland 30-32, 41, 43-44, 47, 49-50, 55, 59

off-line reservoirs and lakes 20-21
on-line reservoirs and lakes 20-21

period of record adjustme nt for URBEXT, values 53-54
proportion of time catchment so ils are wet 35-38
PROPWET 35-38

values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catch ments 35-38, 73-92
wet and dry spells 34-37

refinement of land cover data 39-41
reservoirs 19-26
RMED 27

values fo r 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 94-113

SAAR 27-28
values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 73-92

SAAR, ,,, 27-28
values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catch ments 94-113

Slope 13-15
SMD 31-35
SMDBAR 35-36

values for 252 Flood Event Archive catchments 122-127
values for 943 gauged catchments 35-36, 94-113

soil moisture deficit 31-35
soils 27-38
SPR 27-30
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Catchment descriptors

SPRHOST 27-30
adjustment for lake area 28, 30
values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 73-92

standard percentage runoff 27-30
standard-period average annual rainfall 27-28

ungauged site data 64-68
manual adjustment procedure 65-68

URBAN.a 48-50
urban and suburban land cover 39-44

CORINE mapping 41, 43-44
equivalent urban and suburban classes 43-44
land cover map of Great Britain 39-42
mapping in Northern Ireland 41, 43-44
refinement of data 39-42

urban concentration 59-63
urban extent 45-54, 60, 63

comparison of d igital and map-based techniques 45-46
urban location 54-58, 60, 63
URBCONC 56, 59-63

values for 252 Flood Event Archive catchments 122-127
values for 484 gauged catchments 60-61, 94-113

URBEXT 46-54, 60, 63
adjustment to period of record in use 53-54
categories 47
Northern Ireland 47, 49-50
relations hip wi th URBAN,, 48-50
urban expansion factor 53-54
values for 252 Flood Event Archive catchments 115-120
values for 943 gauged catchments 50-52, 73-92

URBLOC 54-56, 60, 63
Northern Ireland 55
values for 252 Flood Event Archive catchments 122-127
values for 516 gauged catchments 55-57, 94-113
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