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Executive Summary

This report describes how peaks-over-threshold (POT) flood date information, from the
Institute of Hydrology's flood peak database, has been used to develop an index, the
coefficient of variation of recurrence intervals (CVRI), which characterizes the irregularity of
flood occurrence.

After a brief introduction, Section 2 outlines how the use of complete water years allows the
comparison of records between catchments to be more consistent and simplifics analyses. The
procedure adopted to calculate CVRI is also given here.

Section 3 gives details of how index values appeared to be influenced by the period of record
used and of the application of a standard period to overcome this. For stations unable to
supply complete data for the standard period, an allemative standardization procedure was
developed. Thresholds and CVRI values were adjusted to obtain results equivalent to using
the standard period. An important feature of this procedure was the production of a
standardized threshold for each catchment, likely to be used in further analyses based on POT
data.

An examination of the spatial variability of CVRI values across the UK, in Section 4, revealed
that catchments where flood occurrence is typically irregular are more frequently found in the
south-west and east. Soil moisture deficit (SMD) data from the Met. Office Rainfall and
Evaporation Calculation System (MORECS), suggested that this may be related to the short
periods that catchment soils are at, or near, field capacity, in these areas. High SMDs inhibit
flood formation at other times and flood occurrence, therefore, tends to take on an irregular
pattern. Use of the Hydrology Of Soil Types (HOST) classification may be helpful in
reconciling local differences in CVRI values, unexplained by the generalized estimates of
SMD.

Traditionally the grouping of catchments into regions, so that data can be pooled and regional
growth curves produced, has been based on statistics derived from flood magnitudes. An
alternative strategy would be to group catchments according to indices of flood regime taken
from flood dates. It is hoped that the irregularity index, and others based on date information
which characterize flood seasonality, will be at the centre of a new approach to
regionalization.
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1 Introduction

A feature of some UK catchments is that, following a long flood-free period, severat floods
will occur in quick succession. An index describing this irregularity in flood occurrence will
help identify those catchments where this phenomenon exists, and may be useful in the
discrimination of homogeneous flood regimes (Reed et al., 1994).

The peaks-over-threshold (POT) flood database at the Institute of Hydrology holds date and
magnitude information for over 77000 independent floods on 857 caichments in the UK
(Bayliss & Jones, 1993). While flood peak magnitudes are inherently difficult to measure
accurately, the use of dates to index flood occurrence has the advantage of utilizing data which
are relatively easy to derive and largely accurate, -




2 Indexing the irregularity of flood occurrence

2.1 USE OF COMPLETE WATER YEARS

A water year from 1 October to 30 September was adopted throughout the flood peak database
for the definition of annual maxima. However, station records of POT data often started and
finished during water years, and gaps in the data meant a number of years were incomplete.
Only those parts of the record which formed whole water years were used here (Table Al.1)
and, although this inevitably meant that some data were discarded, it did at least ensure that
no bias was incorporated as a result of the inclusion of an additional summer or winter.

The use of complete water years meant that comparisons of records were more consistent and
simplified the hierarchical search for common periods of record in the adjustment of values
to a standard peniod (Section 3.3).

2.2 THE COEFFICIENT OF VARIATION OF RECURRENCE INTERVALS (CVRI)

The measure adopted to describe the irregularity of flood occurrence, used the variability of
intervals between (n) flood peaks. For each site (n-1) intervals were calculated. Then, in order
that due consideration was taken of the start and finish points of the record, the times between
the start of the record and the first peak, and between the n® peak and the end of the record
were calculated. These two times were added together to give an additional recurrence interval,
making n in all. Where an incomplete water year, or years, occurred in the record, the duration
of the gap was deducted from the recurrence interval being calculated, whether it was between
flood peaks, or at the start or end of the record (Figure 2.1).
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1l ... {Poidate, - Start) + (End - Potdate,,)

Recurrence intervals are calculated between peaks
using procedure | , unless there is a gap in the

record when 11 is adopted. Procedure Iil is used
when considering the start and finish of the record.
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Figure 2.1 Calculation of recurrence intervals
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The mean recurrence interval, calculated over all complete water years, reflects the setting of
the chosen threshold and gives no information about the irregularity of flood occurrence. For
example, where the threshold has been set to give, on average, five peaks a year, then the
mean recurrence interval will be about 73 days. The standard deviation of recurrence intervals
does indicate the variability about the mean and as such could be used to index irregularity.
However, since in some cases it is not possible to achieve, exactly, the required average
number of peaks a year (due to rounding), the mean may vary slightly. Consequently, as the
mean is not always identical at all sites, the coefficient of variation (standard deviation divided
by the mean) of recurrence intervals, CVRI, was adopted as the index of irregularity. Low
CVRI values describe POT series where floods occur relatively regularly and high values
indicate that the occurrence of floods is irregular.



3 Standardization

3.1 STANDARDIZATION OF POT THRESHOLDS

The thresholds chosen for the extraction of POT data were selected to give, on average, five
peaks a year. However, this average was not always achieved. For example, when new data
were added to the POT series following further extraction, the average decreased or increased
for some sites, depending on the rainfall in the new period. Indeed, the average number of
peaks per year, for gauging stations held on the POT database, varies from two to eleven
(Bayliss & Jones, 1993).

In the present study, to ensure greater consistency and a more direct comparison between
catchments, where a sufficient number of peaks had been extracted POT thresholds were
standardized to yield an average of four peaks a year. This was achieved by noting the record
length (incomplete water years are excluded), multiplying by four, and rounding to the nearest
integer, to give the required number of POT values. The POT data were ranked by magnitude
in decreasing order and the relevant number of values taken. The threshold had effectively
been raised.

3.2 INDEX SENSITIVITY TO PERIOD OF RECORD

Although the average record length for catchments with POT data is nearly 20 years, the
number of complete water years available varies from just two years for station 90801 (Nevis
at Achreoch), to 101 years for station 39001 (Thames at Kingston). Much of the data held on
the database are for a 20-year period between the mid-sixties and the mid-eighties, but there
is still considerable variation in the period of record held (Table Al.1).

CVRI values were calculated for all catchments on the database with sufficient peaks to allow
standardization by an average of four peaks a year. The complete period of record available
was used in each case. It appeared that those catchments which included one or more droughts
in their record produced rather higher CVRI values than those which did not. To establish
whether the index was indeed sensitive to the period of record used, the mean recurrence
interval was calculated for individual walter years, across some 300 catchments, for the period
1950 to 1988 (Figure 3.1). The variation in recurrence intervals seems to mirror the variability
of the climate, with the 1976 drought particularly prominent. It was concluded, therefore, that
the variability of the recurrence intervals, and hence the CVRI value, was dependent to some
extent on the period of record used.

3.3 STANDARDIZATION TO A FIXED PERIOD OF RECORD

To ensure that differences in CVRI values between catchments were not just reflecting the use
of different periods of record, further standardization was required. Inevitably the imposition
of a standard period will mean that some stations are unable 10 provide daia for the complete
period, and this might be expected to result in a large number of station records being rejected.
To avoid the loss of valuable data, an adjustment procedure (Reed, 1994) was developed for
those station records which did not fully comply to the standard period.
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Figure 3.1 Mean recurrence interval for individual water years

Rather than adjusting the threshold to achieve a required number of peaks over the whole
record (Section 3.1), each threshold was standardized to give an average of four peaks per year
over a 20-year standard period of record (water years 1963 - 1982, inclusive). For the 111
catchments able to comply with the standard period, CVRI values were calculated using POT
data from this 20-year period only.

For those catchments unable to comply with the standard period, an altemnative standardization
procedure was devised. All stations, including those described above, were placed in a
hierarchy, to reflect the closeness of their 'best 20-year period’, or the complete record where
less than 20 years were available, to the standard penod (Table A1.2). By using information
only from those stations with the same record available, and which were above the site of
interest in the hierarchy, a threshold was chosen to give an equivalent number of peaks per
year to that which would be obtained from using the standard period. CVRI values were

calculated on this best period and then adjusted by reference to stations with the same period
of record.

There were 178 catchments with an insufficient number of peaks to satisfy the required
average of four peaks per year, as a result of the abstraction threshold being set too high.

These are marked with an asterisk in Appendix 2 (Table A2.1), where CVRI values are
presented.



Number of stations (%)

4 Interpretation

4.1 INTRODUCTION

The diversity of flood regimes in the UK is reflected in the large range of CVRI values found
(0.803 to 2.406), with the distribution of values seen to be positively skewed, with a mean of
1.416 and a median of 1.379 (Figure 4.1).

25
Mean 1416
Median 1.379
20
15
10
5 —
. Highly irregular
0 —1

g- Q- ,\- \. ’\- \. .\. \@ \- \- \- \1 (b- ‘bn (b. ‘b- rb-
CV of recurrence intervals

Figure 4.1 Range and distribution of CVRI values

Contrasting examples, taken from opposite ends of the range, are presented in Figure 4.2. The
standardized POT series for the Glen at Kates Bridge - where, typically, long flood-free
periods are followed by a succession of floods in late winter (CVRI = 2.116) - illustrates the
highly irregular nature of flooding on some catchments. In comparison, flood occurrence on
the Ystwyth at Pont Llolwyn, is relatively regular (CVRI = 1.129). Figure 4.3 provides details
of the inter-event times for both these catchments. The frequency histogram for the Glen
shows that nearly 70% of recurrence intervals are less than 30 days and there are a number
of flood-free periods spanning several years. This contrasts with the distribution of recurrence
intervals for the Ystwyth, where only 38% of the intervals between floods are less than 30
days, and the distribution across other classes is rather more even.

1
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4.2 SPATIAL VARIABILITY

CVRI values, represented by coloured dots located at the catchment gauging points, are shown
in Figure 4.4. A number of catchments with high CVRI valucs are evident in eastern and
south-west England. Catchments with low index values are more frequently found in Wales
and north-west England. Although sites with similar CVRI values are far from geographically
contiguous there appears o be some localised homogeneity.

4.2.1 Soil Moisture Deficit

Generalized month-end Soil Moisture Deficit (SMD) data are produced by the Met. Office
Rainfall and Evaporation Calculation System (MORECS) for England, Scotland and Wales
(Thompson et al., 1981). Although these data represent averages over 40 km x 40 km squares
they seem to offer some explanation of the localised trends in CVRI values, apparent in Figure
44.

In eastem England, low rainfail and high evaporation often lead to long periods when SMD
values are high; correspondingly, the penods when SMD values are low tend to be short.
Figure 4.5 illustrates the inhibiting effect that high SMD has on flood formation on the Glen.
Here floods above the standardized threshold are almost exclusively confined to the short
peniods when SMD is at, or close to, zero; consequently, flood occurrence is highly irregular
or clustered. Figure 4.5 also shows how, for the Ystwyth, in mid-Wales, where the climate is
typically much wetter and cooler, SMDs are much lower. Here flood-producing conditions are
evident for much longer periods and flood occurrence is more regular.

Although SMD data appear to be useful in explaining the variability of flood occurrence,
Figure 4.6 illustrates that there is considerable scatter when plotting CVRI against the
proportion of month-end SMD values equal 1o, or below, 10mm, during the standard period.
The length of time when SMD is at, or close 1o, zero is seen to be important in reconciling
differences between the Glen and the Ystwyth. A linear regression on the proportion of month-
end SMD values less than, or equal to, 10mm, though very highly significant, explains only
13% of the variation in CVRI across catchments. Thus it is clear that other factors influence
the regularity of flood occurrence. :

MORECS SMD estimates are produced for soils with high, medium and low available water
(Thompson et al., 1981). The SMD data used here assume that all soils have medium water
capacity, which means that evapotranspiration, and consequently SMD, differences resulting
from dissimilar soil types are not reflected in these data.
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4.2.2 Soil type

The permeability of soils is known to be important in determining catchment response to
rainfall and flood formation. Boorman et al. (1994), describe how UK soils have been
delineated according to their hydrological properties, to produce the 29-class Hydrology Of
Soil Types (HOST) classification.

The Glen at Kates Bridge (31002) has a highly irregular flood regime (CVRI=2.116), while
the standardized POT series for the Gwash at Manton (31025) indicates that here flooding is
far more regular (CVRI=1.148). Mean month-end SMD values, calculated over the standard
period (water years 1963 - 1982, inclusive), for these neighbouring catchments are similar,
52.8 mm and 38.1 mm respectively, reflecting the drier climate found in castemn England.
Although SMDs are typically a little lower for the Gwash than the Glen, it seems likely that

the differences in soil type may be an important factor when considering the contrasting flood
regimes,

Figure 4.7 shows the dominant HOST class, on a 1 km grid, for a 48 km x 60 km area to the
south-west of the Wash, which encompasses these two tributaries of the river Welland. In all,
53% of the 1 km’ cells in the Glen catchment are shown to contain soils which are
predominantly freely drained and overlying limestone (HOST class 2 - yellow), while
impermeable boulder clay (class 24 - blue/green) is the dominant class in 34% of the cells.
The presence of permeable soils over much of the catchment may mean that the periods when
flood-producing conditions are in evidence are shorter, and consequently flooding more
clustered, than suggested by the generalized estimates of SMD. In contrast, impermeable soils
(HOST class 24) cover a large proportion of the Gwash catchment, which suggests it is
relatively responsive. Here the HOST classification indicates that the inhibition of flood
formation by catchment soils may occur less frequently than implied by SMD data, which may
account for the relatively regular nature of flooding at this site.

13
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5 Discussion and conclusions

Flood date information held on the peaks-over-threshold (POT) flood database has been used
to produce an index, the coefficient of variation of recurrence intervals (CVRI), which
represents the irregularity of flood occurrence at each of the 857 sites for which data are held.

A year-by-year examination of CVRI values, produced by pooling data from over 300 sites,
revealed that the index was sensitive to the period of record used. Records that included one
or more droughts were seen to produce higher CVRI values than those which did not. To
overcome this problem, a standard period of record was chosen to allow consistent
comparisons of index values between catchments. For those catchments unable to comply with
the standard period, an altemative standardization procedure was developed. A notable product
of this procedure is a standardized threshold, whose application is likely to be seen as
important in the production of other indices and analyses based on POT flood data.

* The spatial variability of standardized CVRI values across the UK was briefly investigated.

Catchments with low index values were more frequently found in the north and west while
those with high CVRI values were more evident in the south-west and east. Comparisons of
MORECS SMD data with the occurrence of POT flood events, suggest that high SMDs
typically found in eastem England had an inhibiting effect on flood formation. Flood
occurrence was more likely to be confined to the short periods when SMD was at, or close
to, zero, and therefore the occurrences were highly clustered and irregular. Conversely in the
wetter, cooler north and west, catchment soils are at field capacity for much longer periods
and flood occurrence is typically more regular.

The SMD data used here did not take account of soil type and the HOST classification could
be used 1o, at least, partly reconcile locally contrasting CVRI values. An example is given
using two neighbouring catchments in eastern England.

It is concluded that CVRI is useful in discriminating flood regime across UK catchments.
Work is in progress to use this index, along with others describing the seasonality of flooding,

lo construct homogeneous catchment groups for the pooling of flood peak data and growth
curve derivation. '
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Appendix 1 Period of record information

Table Al.1 identifies complete water years for each catchment POT flood record in the period
1901 to 1990 inclusive. Years for which there are no data, or data are incomplete, are denoted
by zero. The standard period, water years 1963 - 1982 inclusive, is shown in bold. The water
year is defined to commence on 1 October.

Those sections of records which pre-date 1901 (stations 27021, 28804 and 39001) are not
shown here.

Table A1.2 presents 'key’ information for each catchment, reflecting the closeness of their
"best’ 20-year period (or the complete record where this is less than 20 years), to the standard
period. Catchments are shown in the hierarchical order (ipos) produced by sorting on these
selected keys. The order of priority given during sorting, and a description of the keys, is
given below.

1. Descending n, Number of complete water years in standard period 1963 - 1982

2. Descending m Number of complete water years defined by standard period or
best 20-year period. Where less than 20 years are available,
number of years used reflects complete record.

3. Ascending { Length of record (j, defines the start year and j, the end) required
to embrace the standard period or best 20-year period. Where
there are no gaps, | = 20; where gaps exist, | > 20. Where less
than 20 years are available, the number of years shown reflects
the complete record (including gaps).

4. Ascending absoff Extent, in years, to which the best period is offset from the
standard period. Defined as the absolute difference between the
mid-point of the best period and the mid-point of the standard
period.

5. Descending n, Number of complete water years outside the standard period.

Keys j, and },, which define the period of record used to calculate CVRI, were not,
themselves, used in the sort procedure.

The signed variable, offset, gives additional information relating to the best period. Where,
offset is negative the best period precedes the standard period by the number of years shown,
and where it is positive it follows the standard period. It was not used in the sort procedure
and is given for information only.

Ipos is the index position of the catchment in the hierarchy.
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Appendix 2 Standardized CVRI values

Table A2.1 presents the principal statistics derived from the standardization procedure and
adjusted CVRI values. An explanation of these vanables is given below.

qthresh

np

-pk.éinsp

CVRI

ipos

Threshold used to give an average of four peaks a year over the
standard period. Where data for this period are unavailable or
incomplete, and the next *best’ period has been used, the threshold
gives an equivaleni number of peaks a year to that which would
have been obtained by using the standard period. For catchments
where there were insufficient peaks to standardize by an average
of four peaks a year, the abstraction threshold is shown.,

Number of peaks above qthresh in the standard or best period

Equivalent number of peaks to that which would have been
obtained by using the standard period. Since the standardization
has sought an average of four peaks per year over a 20-year
period commencing with the 1963 water year, the desired value*
of pksinsp is 80. Minor variations from 80 arise because a whole
number of events in the best period does not correspond precisely
to 80 peaks in the standard period. Major variations from 80 occur
where there were insufficient peaks abstracted. For these cases -
denoted by an asterisk - the CVRI values are, therefore, not fully
standardized.

Coefficient of vanation of recurrence intervals, calculated over
the standard or best period.

Index position of the catchment in the hierarchy

55
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