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1. Motivation

The Fl ood Estimati on Handbookds fl ood frec
QMED catchment descriptor equation i a way of estimating the flood with an

annual exceedance probability of 50% (2-y ear return | evel ) wusin
guantitative hydrological properties. The QMED equation (Kjeldsen et al., 2008)
gi ves -ramnr dilac esti mate of fl ow, which can b

urbanization in the catchment. This process makes use of the following five
catchment descriptors:

1 AREAT Catchment Area: the area draining to the measurement point (gauging
station or otherwise).

1 SAAR' Standard-period Average Annual Rainfall: a measurement of the mean
annual rainfall total falling on a catchment during the period 1961-1990
(Spackman, 1993).

1 FARL T Flood Attenuation due to Reservoirs and Lakes: a measurement of the
size and location of water bodies, as a proxy for how water storage impacts river
flows (Bayliss, 1999).

1 BFIHOST191 Baseflow index from HOST soil classes: An estimate of the
proportion of baseflow to total flow based on a regression model against the
gridded HOST soil classification dataset (Boorman et al., 1995; Griffin et al.,
2019).

1 URBEXT2000 1 Urban Extent in the year 2000: A weighted calculation of the
amount of urban and suburban land cover within a catchment in the year 2000
(Bayliss et al., 2006).

This report presents a summary of updates to four of these:

SAARg120 T SAAR averaged over the period 1991-2020.

FARL2015 T FARL as determined using 2015 spatial data.

URBEXT2015 1 Urban extent as determined using 2015 spatial data.
BFIHOST19scatep T an update to BFIHOST19 to better account for correlations
with FARL and FARL201s.

= =4 -4 2

Each of the catchment descriptors has been updated for best use in flood
frequency estimates in risk assessments, and is designed to best describe the
current state of a catchment, rather than the historical state. This is because flood
frequency estimation is usually performed on catchments with very little, very poor
quality, or no flow data, so there is no historical data to reference. The updated
catchment descriptors should be better suited for future research and guidance on
future estimates of flow under the influence of climate change and anthropogenic
change. It is noted that 2015 spatial data is used in preference to newer data as the
UKCEH Land Cover Map 2015 (LCM2015: Rowland et al., 2017a; 2017b; 2017c;
2017d) has received both automatic and manual quality control, whereas more

UK Centre for
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recent versions (LCM2017-LCM2023) have received, and are only intended to
receive, automatic quality control.

The following sections give, for each new descriptor, an overview of the processes
undertaken and how the new dataset differs from older versions. Full descriptions
of the processes will be published in individual catchment descriptor reports.
Differences focus on the changes at NRFA stations, but are also shown for a
selection of approximately 1500 ungauged locations chosen to be representative
the GB river network (covering wide ranges and combinations of AREA, BFIHOST,
FARL, SAAR, URBEXT and FPEXT). It is difficult to give precise reasons for large
differences between catchment descriptor versions at any ungauged locations, but
large-scale patterns in version differences are discussed. Note that SAAR is the
only fully spatial dataset, all other values are only calculated on a catchment scale
at locations on the river network.

Due to the timings of this work, current and new descriptors are compared at the
gauged stations included in version 12.1 of the NRFA peak flow dataset, not
version 13. However, the underlying datasets of new and current catchment
descriptors are identical for both versions, so all the conclusions are the same for
the V12.1 and V13 datasets.

UK Centre for
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New catchment descriptors

SAAR9120

Overview

The new SAAR9120 descriptor contains the mean annual rainfall over the years
1991 to 2020 inclusive. It is therefore conceptually similar to the existing SAAR and
SAARu4170 descriptors, which contain the mean annual rainfall over the years 1961-
90 and 1941-70 inclusive, respectively. Like SAAR and SAAR4170, SAARg120 exists
in both catchment-average values and point values on a 1-km grid. To avoid
ambiguity, this report refers to SAAR as SAARs190.

Input data

For all parts of the UK and Isle of Man (loM) except Northern Ireland (NI), SAARog120
i's based on t he {6ad30-y@dr méan andual raifalldotke
period 1991-2020 (Met Office et al., 2023). This Met Office dataset is natively at the
same 1-km resolution as SAARe190 and SAARaz170, but is offset from them by 500
metres in both the x- and y-directions. However, the Met Office dataset does not
cover the whole of the area represented on the FEH Web Service; there are no
data around many coastal areas. To cover the whole of the UK (excluding Northern
Ireland), the Met Office dataset was buffered outwards by 1 km following five
stages.

1. Aregression relationship was produced to model the natural logarithm of 1991-
2020 mean annual rainfall as a function of mean altitude for each 1-km square,
and easting, northing and DLILLE? of the centre point of each square.

The regression value was calculated for the whole FEH Web Service domain.

Error value (i.e. natural logarithm of Met Office value minus regression value)

was mapped.

4. All locations adjacent to cells with an error value were infilled with the mean
error value of all adjacent cells (sharing either an edge or a corner). This
buffered the grid of error values by 1 kilometre.

5. Modelled natural logarithm of 1991-2020 mean annual rainfall was added to the
buffered error map and the result transformed exponentially. This, rounded to
the nearest integer, is SAARo120.

w N

Values in the resulting SAARg120 map are identical to the Met Office data (to the
nearest integer) in all places where they overlap i the buffering stages above were
only performed in order to generate values for locations where the FEH Web
Service extends beyond the boundaries of the Met Office dataset.

1ADi st anc e i stmightineldistancedfrom the point 750000, 80000 on the British National Grid (OSGB1936) i first
defined in the Flood Estimation Handbook, volume 2 (Faulkner, 1999).

UK Centre for
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For Northern Ireland, SAARo120i S based on Medarnfanramaah nods 3 (
rainfall for the period 1991-2020 (Curley et al., 2023). This dataset covers the whole

island of Ireland, including all parts available on the FEH Web Service. This Met

Eireann dataset is natively at the same 1-km resolution as SAARs190 and SAAR4170

and is not offset relative to them (meaning that it is offset relative to the SAARg120

grid for the UK and oM except NI). To match this with the other grid, bilinear

interpolation was used to shift the Met Eireann data by 500 metres in both the x-

and y-directions. As the Met Eireann data were already in integer format, this

shifted data constitutes the SAARg120 grid for Northern Ireland.

SAARo9120 VS SAARs190 VS SAARu4170

Figure 1 and Figure 2 show the value of SAAR9120 divided by SAARe190 for the UK
and loM except Northern Ireland, and Northern Ireland respectively. The SAARs190
grids were shifted by 500 metres in the x- and y-directions to align them with the
SAARg120 SO that division could take place. Therefore, mean annual rainfall values
are not being compared at exactly the same locations.

In Figure 1, SAARg120 values are shown to be similar to SAARe190 in the English
Midlands and generally slightly higher everywhere else. The greatest increases are
in Scotland southeast of the Caledonian Canal and the far north of England. There
are small, widely-distributed areas throughout the map where SAARg120 is less than
SAARe190 as well as slightly larger regions, such as parts of Scotland northwest of
the Caledonian Canal. The larger-scale proportional reductions in this region relate
to mean annual rainfall estimates falling from extremely large (for the UK) values to
smaller extremely large values. Given that the dark red regions are intermixed with
(small er) deep bl ue r e3AARsIBI0,SAARmeIS parthe d uct i
due to a spatial re-distribution of estimated mean annual rainfall, which may have
also been slightly affected by the 500-metre shift in SAARs190 necessary to allow
the differences to be mapped. It is important to note that the 500-metre shift exists
only in Figure 1, not in the data. Figure 3 shows millimetre values of SAARg120 and
SAARe190 in northwest Scotland, with 50-km gridlines overlaid to simplify
comparison of identical locations. This makes it clear that the only major differences
are in the sizes, locations and shapes of the areas experiencing over 3000 mm per
year. As the vast majority of this area, particularly the wetter, higher-altitude parts,
has never been gauged by a ground-level gauge suitable for estimating average
annual rainfall (Perry et al., 2009), it is not necessarily the case that the higher
extreme values in the 1961-90 average dataset are more accurate than the slightly
less extreme values in the 1991-2020 dataset.

UK Centre for
Ecology & Hydrology ceh.ac.uk 6
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SAAR9120 VS SAAR6190 (FEH)
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Figure 17 SAARQlZO divided by SAARs190 for the UK and Isle of Man except
Northern Ireland. Black crosses show centroids of 25 catchments where
SAARo9120 has the greatest percentage increase over SAARs190.
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SAAR9120 VS SAAngO (FEH)
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Figure 27 SAARo920 divided by SAARe190 for Northern Ireland.

In Figure 2, there is little difference between SAARg120 and SAARe190 Values across
Northern Ireland, with most differences ir
significant increases in Donegal, but these can be ignored as the FEH Web Service

domain does not extend into these areas, so they will not be available publicly.

Here, SAARg120 is considered more trustworthy than SAARs19 as the Met Eireann

dataset from which it was derived is intended for accuracy across the whole of

Ireland, whereas SAARsisowa s n ot . I n general, the reduc:
confined to the wettest few square kilometres of Northern Ireland and again relate

more to changes in the size and shape of the very wettest areas.

For comparison, Figure 4 shows the value of SAARs190 divided by SAARu4170 for the

UK and loM except NI. This clarifies that the differences between SAAR9120 and

SAARe190 are less structured and systematic than the differences between

SAARe190 and SAARa170, even though SAARe190 and SAAR4170 have 10 years in

common, while SAARg120 and SAARe190 have no years in common. The overall

reduction in average annual rainfall from SAAR4170 to SAARs190 coincides with the
transitiopobo oapiéfl oddotiidnded to compae SAARd190

UK Centre for
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and SAARu4170, but to compare the scale of these changes to the mean annual
rainfall descriptor against previous changes.

Table 1 lists the 25 catchments where SAARo120 is most different from SAARs190.
These are all in GB and marked by plus symbols on Figure 1. As these are
catchment-average values, SAARe190 values are derived from a grid that has not
been shifted spatially from where it is in the FEH Web Service. All of these 25
largest differences are positive and more than 14%. In contrast, the largest
negative difference is only 7.1%. Nineteen of the top 25 catchments with the largest
differences are concentrated around south Scotland, an area that has been shown
to be getting wetter at a relatively fast rate (Otto et al., 2018), and where gridded
SAARo120 is high relative to SAARe190 over a large spatial extent. The remaining six
catchments are located in other areas where gridded SAAR9120 is greater than
SAARes190 Over a reasonable spatial extent.

UK Centre for
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SAARNQO or SAAR9120 (mm)

B - 4,500 I 3,000-3,500 [ ] 1,500 - 2,000 7] 800 - 1,000
I 4,000 - 4,500 M 2,500 - 3,000 [ ]1,250 - 1,500 [ 600 - 800
I 3,500 - 4,000 [ 2,000 - 2,500 [ ] 1,000 - 1,250 [ < 600

Figure 37 SAARe190 (left) and SAARg120 (right) in northwest Scotland.

UK Centre for
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SAAngO VS SAAH4170 (FEH)
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Figure 47 SAARs190 divided by SAARa4170 for the UK and Isle of Man except

Northern Ireland.
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Table 11 25 stations with largest percentage difference between SAARo120
and SAARs190.

Station SAARe190 | SAAR9120 | Difference
(mm) (mm) (%)
25808 1499 1972 +24.0
76011 1096 1411 +22.3
84007 928 1143 +18.8
23011 1199 1459 +17.8
79003 1512 1815 +16.7
21012 1149 1367 +15.9
79006 1485 1766 +15.9
56012 1241 1472 +15.7
27010 987 1167 +15.4
77003 1291 1517 +14.9
77002 1423 1671 +14.8
23010 993 1166 +14.8
21017 1740 2043 +14.8
12007 1334 1566 +14.8
77001 1358 1592 +14.7
19005 964 1130 +14.7
84003 1165 1364 +14.6
80003 2468 2883 +14.4
84004 1223 1428 +14.4
12006 1048 1223 +14.3
54026 726 847 +14.3
23033 1024 1194 +14.2
44015 1033 1203 +14.1
21008 936 1090 +14.1
84018 1205 1402 +14.1

Reasons for differences

For a full comparison of the underlying methods and gauging networks see

Appendix 1.

The key differences between the two datasets:

1 FEH SAARes190 used (in 1993 when developed) more extensive statistical
regression to smooth the dataset, beyond what the Met Office considers
necessary for monitoring the UK climate.

1 FEH SAARo9120 is offset by 500m from HadUK-Grid, so some differences
observed in the figures are due to misalignment of the datasets.

1 There is a large change in the number and location of raingauges over the
60 years of interest, with a shift to fewer, more uniformly distributed

UK Centre for
Ecology & Hydrology
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raingauges across the UK (Figure 5). For example, 4822 stations were used
in 1961 in annual calculations, and 2706 stations used in 2021 in annual
calculations.

TheMet Of fi ceds mettatsfercked thrbughvddferamte e n
programming languages and platforms, which may introduce very small
differences, although efforts were made at the time to ensure these were
minimized.

There is also the actual difference in rainfall due to inter-decadal variability
and climate change, which is the difference the product aims to capture.

UK Centre for
Ecology & Hydrology ceh.ac.uk 13
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Figure 57 Coverage of stations used in monthly rainfall calculations for
HadUK in (a) January 1961, (b) January 1991, (c) January 2021. Annual station
counts given in (d), with standard periods 1961-90 and 1991-2020 highlighted
in red and blue respectively.
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URBEXT2015

Overview

The new URBEXT2015 descriptor measures where urban and suburban areas are,
using data collected in the years 2014 and 2015, and aggregates them at
catchment-scale. It is therefore conceptually similar to URBEXT2000 and
URBEXT1990. Like these earlier versions, only catchment-average values of
URBEXT2015 exist.

Input data

URBEXT2015 is derived from the UKCEH Land Cover Map 2015 (LCM2015) 25-
metre gridded data product (Rowland et al., 2017a; 2017b), which was created by
classifying data remotely sensed by Landsat-8 in 2014-2015 into 21 broad habitat
classes, two of which are Aur laewmageleeehd
URBEXT2015 is calculated identically to URBEXT1990 as the fraction of the
catchment classified as urban plus half of the fraction of the catchment classified as
suburban. This is slightly different from how URBEXT2000 Was calculated from
LCM2000, which included the Ainland ba
(Baylissetal.,,2006). Al nl and rocko, the cl osest
LCM2015, is almost always found in rural areas only, so was ignored in the
calculation of URBEXT2015. Gravel car parks, railway sidings and derelict industrial

| and, which were often classed as di nl
as Aurbanodo in LCM2015, with only one i
Birmingham.

To calculate URBEXT2015, a three-class version of LCM2015 was produced with all
exceptt he ur ban and suburban classes set
aggregated to 50-metre resolution by combining every 2 x 2 group of 25-metre cells
into one, resulting in two 50-metre grids aligned with the 50-metre river network
underlying the FEH Web Service: one for the UK and IoM excluding NI and another
for Northern Ireland. The value in each 50-metre grid cell encoded the number of
25-metre urban and suburban cells contributing to it, where an urban cell was
weighted twice as heavily as a suburban cell (a 50-metre cell aggregating four
suburban cells would have the same value as one aggregating two urban and two
rural cells: one half). Catchment-average values were then calculated by summing
the total value of all the 50-metre cells within a catchment and dividing by the
guantity of 50-metre cells in that catchment. These values were rounded to four
decimal places to give URBEXT201s.

LCM2015 follows the Ireland-NI border, while the FEH Web Service domain
extends slightly into Ireland, as there are locations in Northern Ireland with
headwaters partly in Ireland. These headwater areas are small and do not contain
significant settlements, so they were assumed fully rural for calculation of cross-
border catchment-average URBEXT2015 values.

UK Centre for

Ecology & Hydrology ceh.ac.uk 15

St



New FEH Catchment Descriptors 2025 |

URBEXT2015 VS URBEXT2000 VS URBEXT1990

Figure 5 compares URBEXT1990, URBEXT2000 and URBEXT2015 values for all 917

NRFA Peak Flow v12.1 catchments. As expected, there is a general increase in

urbanization from 1990 to 2000 and 2000 to 2015, with the number of catchments

i n the | owest urbanization categoryof (fiesse
catchments in all other categories slightly rising. However, the majority of

catchments remain essentially rural. Categories defined by Bayliss et al. (2006) for
URBEXT2000 are used here for all eras of URBEXT. These categories are presented

in Table 2.

o
O
~

= URBEXT, 09
URBEX Tau00
URBEX T a5

6?0

2(|)0 3(IJO 4(|)0 5(|)0

1(|)0

T ] il e

(0,0.03] (0.03,0.06] (0.06,0.15] (0.15,0.3] (0.3,0.6] (0.6,1]
UHBEXnggolzooolzms

Figure 6 1 URBEXT1990, URBEXT2000 and URBEXT2015 value histograms for 917
catchments in NRFA Peak Flow dataset v12.1.

Table 21 Urbanization categories used by Bayliss et al. (2006) for
URBEXT2000, and here for URBEXT1990 and URBEXT2015 in Figure 6.

Category URBEXT 2000

Essentially rural . 0 ORBBXT2000< 0.03
Slightly urbanized . 0 BRBBXT2000< 0.06
Moderately urbanized . 0 6RBEXT2000< 0.15
Heavily urbanized 1 YRBBXT2000 < 0.30
Very heavily urbanized . 3 ORBEXT2000 < 0.60
Extremely heavily urbanized . 6 RBBXT2000< 1.00

OO O0OOO0OO0O

Figure 6 shows the change in value from URBEXT2000 to URBEXT2015, which is an
estimate of the change in urbanization from 2000 to 2015. As expected, most

UK Centre for
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catchments urbanized slightly. Also as expected, some catchments urbanized
considerably, particularly around the edges of settlements that were already large
in 2000 (e.g. Liverpool/Manchester, Glasgow/Edinburgh, Vale of Glamorgan, and
along the Great Eastern Main Line). A handful of catchments at the edges of
London appear to have de-urbanized between 2000 and 2015, with five having an
URBEXT2015 value that is more than 0.02 less than the URBEXT2000 value. All of
these have URBEXT2015 values above 0.43 and one is nested within another.
Figure 7 shows the LCM2000 and LCM2015 data underlying three of these
catchments, and it is clear that the lower LCM2015 value is due to the
reclassification of land at the edge of London from urban in LCM2000 to suburban
in LCM2015. There are five other gauged stations where URBEXT2000 exceeds
URBEXT2015 by more than 0.01, all near London, and all for the same reason
(Figure 8 and Table 3). All other 907 gauged catchments either have essentially the
same URBEXT2000 and URBEXT2015 values (difference of 0.01 or less) or a higher
URBEXT2015 value. It is noted that URBEXT2000 Very likely overestimates urban
area, as the total urban area in LCM2000 significantly exceeds that in LCM2007
(not shown here) T 6.7% vs 5.9% of the UK.

Table 37 Catchments in the NRFA Peak Flow dataset v12.1 where URBEXT2015
is more than 0.01 less than URBEXT2000.

Station | URBEXT2000 | URBEXT2015 | Difference
37019 0.3391 0.3239 10.0152
38022 0.5774 0.5048 10.0726
39005 0.4992 0.4860 10.0132
39049 0.4020 0.3885 10.0135
39055 0.5347 0.4515 10.0832
39056 0.3429 0.3285 10.0144
39093 0.4781 0.4377 10.0404
39096 0.5115 0.4845 10.0270
39134 0.4841 0.4332 1 0.0509
40016 0.2607 0.2490 10.0117

UK Centre for
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Figure 77 URBEXT2015 value minus URBEXT2000 value for 917 NRFA Peak

Flow v12.1 catchments.
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*
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Figure 8 7 LCM2000 and LCM2015 representations of northwest London.
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Figure 97 LCM2000 and LCM2015 representations of Greater London.
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Figure 9 plots the difference between URBEXT2015 and URBEXT2000 for 932 of the
1568 ungauged catchments, the remaining 636 being excluded for being and
remaining fully rural (i.e. URBEXT2015s = URBEXT2000 = 1). Much like Figure 6, most
catchments show a slight increase in urbanization, while a few in generally urban
areas show larger increases. Only 25 catchments show a decrease of 0.02 or
more, and 24 of these are smaller than 6 km?, so very sensitive to the classification
of Il and as Aurband or Asubur tkAm’nsinnorthhe ot he
London, near 38022.

Some catchments near Birmingham show larger apparent decreases in
urbanization of 0.1 or more, which appear to be linked to the reclassification of
areas at the edge of Birmingham from urban to suburban, similarly to Greater
London (Figure 11).

UK Centre for
Ecology & Hydrology ceh.ac.uk 21
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Figure 10 7 URBEXT2015 value minus URBEXT2000 value for 932 ungauged
catchments.
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Figure 117 LCM2000 and LCM2015 representations of Birmingham.
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FARL2015

Overview

The new FARL2015 descriptor estimates in-river flow attenuation resulting from on-
line upstream reservoirs and lakes, mapped using data collected in the years 2014-
2015. It is therefore conceptually similar to FARL. As both FARL and FARL2015
values depend on the size and location of reservoirs and lakes relative to the entire
drainage area, it is impossible to produce point values of either descriptor, so only
catchment-average values exist.

Input data

The main datasets used in the creation of FARL2015 were the UKCEH Land Cover
Map 2015 (LCM2015) vector dataset (Rowland et al., 2017c; 2017d), the UKCEH
1:50k digital river network (Moore et al., 1994), and the IHDTM digital terrain model
underpinning the FEH Web Service (Morris & Flavin, 1990; 1994). CORINE Land
Cover 2018 (CLC2018: Copernicus Land Monitoring Service, 2020) and the
Ordnance Survey (OS) Terrain 50 DTM (Ordnance Survey, 2021) were also used in
minor roles. LCM2015 is mainly based on remotely sensed data from Landsat-8,
while CLC2018 is based on Sentinel-2 data, with Landsat-8 used to fill gaps. The
UKCEH digital river network was originally based on Ordnance Survey 1:50k
mapping.

FARL2015 was calculated in the same way as FARL. However, the use of more
recent land cover data meant that more lakes and reservoirs were identified, while
the use of vector data meant that the surface areas of water bodies were more
accurate and water bodies could more accurately be classed as on- or off-line.

The IHDTM was used to define catchments, as it was for all other descriptors. The
OS DTM was used only to assess whether groups of water body polygons that
touched each other should be combined and treated as single water bodies, rather
than multiple separate ones. Water body polygons that touched were combined if
their OS DTM elevations were within 0.1 metres. Due to the unavailability of the OS
DTM in Northern Ireland, the IHDTM was used to determine whether different
polygons represented the same water body, however elevation differences of up to
1 metre were permitted. Since LCM2015 follows the Ireland-Northern Ireland
border, but some catchments cross the border, CLC2018 was used as a source for
water bodies in Ireland that affect FARL2015 calculations for places in Northern
Ireland.

Cotswold Water Park (Figure 11) is an example of an area where vector
representation of water bodies can be used both to correct the on-line/off-line status
of several lakes and to separate lakes that are incorrectly combined in the 50-metre
raster land cover data used to create FARL.
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Figure 127 Representations of Cotswold Water Park: a) IHDTM, where rivers
are light blue and water bodies are dark blue; b) LCM2015 (red outlines) and
UKCEH 1:50k digital river network (blue lines) over OS Open Raster map data.
© Crown copyright 2022 OS.

FARL2015 vs FARL

Figure 12 plots FARL2015 against FARL for all NRFA Peak Flow v12.1 catchments.
For eight stations, FARL values in the Peak Flow dataset do not match those
available for the same point on the FEH Web Service, because the FARL values in
the Peak Flow dataset are relevant to the water bodies that existed when the
stations were open and collecting valid peak flow data (i.e. the FARL value is
matched to the valid peak flow data). For these stations, FARL2015 values were also
recalculated with the same lakes/reservoirs excluded. Figure 12 shows that
FARL2015 differs from FARL by 0.05 or more for 27 catchments, for one reason in
24 cases and two reasons in 3 cases.

The most common reason for differing FARL201s and FARLv al ues i s fAsand
extraction or similaro: many | akes resul ti
present in LCM2015 but not in the surface-type dataset used to create the original
FARL descriptor. These sand/gravel extraction lakes are most commonly found in
the Trent and Nene catchments but may be found elsewhere in smaller quantities.
The second most common reason for differences between FARL2015s and FARL is
the absence of major water bodies (Carsington Water, Roadford Lake and
Caldecotte Lake) in the dataset used to generate FARL. A full list of reasons for all
27 highlighted catchments is given in Table 4. In five of the 27 catchments (33048,
40012, 42007, 44006, 44015), it is unclear which of FARL or FARL2015 iS most
accurate. While this does not negate the clear improvements shown in the majority
of cases, the potential errors in FARL2015 combined with the known errors in FARL
do demonstrate that any consistently generated, national-scale dataset will contain
some errors. Unfortunately, it is not practical to correct missing lakes in FARL201s,
as it is impractical to review the entire LCM at this level of detail. It should be noted
that Table 4 can only show lakes missing from gauged catchments when they are
sufficient to cause a difference of more than 0.05 between FARL and FARL201s5, SO
the missing lakes mentioned there are far from exhaustive at whole UK-scale.
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Figure 137 FARL2015 vs FARL for 917 catchments in NRFA Peak Flow dataset
v12.1, with reasons for large differences highlighted.
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