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Abstract

This paper illustrates the performance of the FORGEX method of rainfall growth estimation. Results are presented for three
regions of the United Kingdom: the East Midlands, north-west England and south-west England. Focused rainfall growth curves
are compared between regions and between different sites within each region. Typical growth curve shapes are discussed with
reference to the climate of each region. Daily growth curves are derived from a large number of records of annual maximum rain-
falls. A smaller number of hourly annual maximum series is available for estimating sub-daily rainfall growth curves.

Rainfall growth rates are compared with the results of a widely used method. The present method allows more local and regional
variation in growth rates. The new growth rates are higher for durations of 1 and 2 days in parts of south-west England, but
lower for moderate return periods at some focal points in the north-west. In the East Midlands, the new 1-hour growth rates are

considerably higher for long return periods.

Confidence limits for growth rates are derived by bootstrapping. This is accomplished by fitting a large number of growth curves

to resampled sets of rainfall data.

Introduction

Previous papers (Stewart et al., 1999; Reed et al., 1999)
have described the background and structure of the
FORGEX method of rainfall frequency estimation. This
paper presents a selection of results and a comparison with
those of the Flood Studies Report (FSR), NERC (1975). It
also describes the derivation of confidence limits for
growth rates.

Results are presented for three study regions, which
illustrate the variety of extreme rainfall regimes in the UK.
The three regions are:

» The East Midlands. There are many more long com-
puterized records of sub-daily data for this region than
for elsewhere in the UK. Growth rates for all durations
are known to be particularly high here. Convective rain-
fall is more significant than in the other regions studied,
which are further west.

* South-west England. This region has featured in several
previous studies of rainfall frequency (Bootman and
Willis, 1977; Reed and Stewart, 1989; Clark, 1991).
Alternative methods of rainfall frequency estimation
have been developed previously for this region to over-
come the perceived shortcomings of the FSR.

* North-west England. This is a region with varied topog-
raphy, including the Pennines and the Lake District

hills. Design rainfalls for 1-day rainfall are thought to be
overestimated by the FSR method (Dales and Reed,
1989).

Different types of results and comparisons are presented
for each region, in order to explore the features described
above.

Figures 1 to 3 show the focal points in each region.
These points are chosen to give an indication of local vari-
ations in growth rates. Most focal points are settlements,
but two are reservoirs. All are sites for which design rain-
falls are likely to be required at some time.

Availability of rainfall data

The analysis was restricted to records comprising at least
ten annual maxima. The locations of daily raingauges are
shown by the small dots on Figs. 1 to 3. Daily records are

. plentiful, but gauge networks providing hourly annual

maxima are much sparser. The highest densities of hourly
records are in London and the English Midlands; for
example, for the focal point at Rutland Water, there are
238 hourly raingauges within the (maximum) 200 km
radius used by FORGEX.
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Fig. 1-3. Focal points and daily raingauges.




The FORGEX method of rainfall growth estimation. lll: Examples and confidence intervals

Results and discussion
EAST MIDLANDS

Figure 4 shows 1-hour growth curves for the eight focal
points in the East Midlands. Hourly growth curves do not
vary much between focal points. This could be because
local variations are masked by the sparseness of hourly
records, or it may reflect a genuine uniformity in the
meteorological conditions which give rise to short-duration
rainfall extremes. There is, however, an apparent regional
trend, which is mirrored in daily growth curves. Over a
wide range of return periods, the highest curve in Fig. 4
is the one focused on Lincoln. Other sites in the east of
the region such as Grantham and Boston also have rela-
tively high growth rates. The lowest growth rates over
most of the return period scale are for Leicester, the west-
ernmost focal point.

Figure 4 also includes a growth curve derived using the
FSR procedure and standardized by the 2-year rainfall so
that it can be plotted on the same scale as the focused
growth curves. The FSR curve is taken from statistics for
Rutland Water, but results for other locations in the region
are very similar. The focused growth curves lie above the
FSR curve, the difference rising at a return period of 100
years to approximately 35%. Put another way, a 1-hour
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Fig. 4. I-hour growth curves for focal points in the East Midlands.
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Fig. 5. I-day growth curves for focal points in south-west England.

rainfall of 4.5 times the median annual maximum is four
times more likely to occur according to the focused growth
curve than according to the FSR: a major difference.

SOUTH-WEST ENGLAND

Figure 5 compares growth curves for l-day rainfall
focused on ten sites in south-west England. At moderate
return periods (10 to 100 years), the curve for Bridgwater
is the highest by some margin. At longer return periods,
other sites in the east of the region have the highest growth
rates. Growth rates in the west, near the coast, at sites like
Plymouth, are lower. The results reflect the occurrence of
unusually high rainfall totals in the east of the region—
particularly near Bridgwater and Dorchester—some of
which are described by Bootman and Willis (1977). These
authors attribute the anomaly near Bridgwater to the geo-
graphy of the area; there is a central basin surrounded by
hills, well suited to the development of thunderstorms.
The humped shape of the Bridgwater growth curve
between the 10 and 100-year return periods occurs because
this is the closest focal point to several of the historic
notable rainfalls. These exceptional rainfalls were recorded
by gauges which form a relatively small network around

207



D.S. Faulkner and D.A. Jones

6 -
7 FSR 1 day
5 !
/
. /
/
4 /
i A daay
4

, FSR8days
4

6_
.
59 , FSR1day
. /
/
. /
/
4

, FSR 8 days
rd

2- 24
1 1
. Return period, T (years) 4 Return period, T (years)
. 2 5 10 20 50100 200 500 1000 5000 n 2 5 10 20 50 100 200 500 1000 5000
) o o e S e e e L s e s B B B B B e | clll[llll[llfl|ll|l|l||l|
0.0 2.5 5.0 7.5 10.0 0.0 2.5 50 1.5 10.0

Reduced variate, y

Fig. 6. Comparison of FSR result.§ with gromth curves focused on
Bridgwater.

the focal point, and so they plot at lower return periods at
Bridgwater than they do for the other focal points.

Focused growth curves are compared with FSR results
in Fig. 6 (for Bridgwater) and Fig. 7 (for Plymouth). Both
figures show 1 and 8-day curves. At both focal points, 1-
day growth rates are higher than those given by the FSR.
The difference is greatest at Bridgwater, where for a return
period of 100 years, the new growth rate is 35% higher.
Put another way, a 1-day rainfall of three times the median
annual maximum is five times more likely according to the
focused growth curve than according to the FSR. At
Plymouth, the differences are much smaller. The 8-day
growth curves are close to the FSR results at both sites.
These findings - reinforce the concerns of Bootman and
Willis (1977) that the FSR method underestimates extreme
rainfalls around Bridgwater. Figures 6 and 7 expose the
lack of local variation in FSR rainfall growth curves.

NORTH-WEST ENGLAND

Figure 8 compares growth curves for 1-day rainfall
focused on ten sites in north-west England, ranging from
Crewe (a lowland site) in the south of the region to
Keswick (in the Lake District hills) to the north. There is
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Fig. 7. Comparison of FSR results with growth curves focused on
Plymouth.

a north-south trend in growth rates, with the highest
curves being for Crewe, Manchester, Warrington and
Burnley. The lowest curves are those focused on Kendal,
Keswick and Whitehaven in the north.

The growth curves in north-west England lie below
those in the south-west. The curves for the north-west
have a marked kink at a return period of 80 years, so that
the final segments have a steeper slope. It is possible that
this shape reflects the more mixed nature of extreme rain-
fall in the north-west, with many of the extreme 1-day
rainfalls being associated with frontal events but there still
being scope for exceptional totals arising from convective
events.

Comparisons with the FSR results highlight the different
shapes of the growth curves. Figure 9 shows 1 and 8-day
growth curves focused on Kendal. For moderate return
periods (10 to 100 years), the 1-day growth rate is lower
than by the FSR method, by up to 16%. The curves from
the two methods cross, so that FORGEX gives higher
results than the FSR for longer return periods. The 8-day
rainfall growth factors also appear to be underestimated by
the FSR at long return periods. The differences are less
marked for sites in the south of the region.






