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1. Context

After a drier autumn than usual in North West Scotland the beginning of
1989 had above average precipitation. During January over three times the
monthly average rainfall fell in some places. The first week of February also
had high rainfall so that during the first six weeks of the year one third of
the average annual rainfall had fallen compared with the usual one seventh
{MacGregor, pers. comm.).

On the 5th February an intense depression formed near Iceland with an
associated warm front which moved through North West Scotland during the
afternoon of the 5th. This was followed by a trailing cold front in a strong
south-westerly airstream which continued through the 6th February. During
the two days heavy rain fell over much of North West Scotland. The largest
2-day total of 306.1 mm which occurred at Kinloch Hourn was a new British
record. Other notable 2-day rainfalls were 2854 and 261.1 mm around Loch
Lochy. One day falis were also large but less exceptional (see Section 2).
The rainfall was accompanied by a temperature rise which melted the snow on
the hills that had formed part of the precipitation of early February. This
increased the flow of water into the rivers. Widespread damage was caused by
the resulting floods, particularly in the Ness and Conon areas. Modelling
studies have indicated that the critical storm duration for the Conon
catchment is 48 hours (Shaw, 1989).

This report aims to assess the rarity of the 2-day rainfall totals for the storm.
In addition it looks at whether rainfall totals have been of greater depth in
recent years and whether the FSR growth curves are applicable for the Ness
region.

2. Rainfall data for the event

DAILY GAUGES

Seventy daily gauges were provided. Of these six were not used either
because they lacked any data for the 5th and 6th February or they were
considered to be too distant from the study area. Of the remaining 64
gauges, 35 had readings for both the Sth and 6th leaving 29 gauges that were
not attended each day during the relevant time period. The 2-day totals for
these gauges were estimated by allocating a proportion, to each day, which was
similar to those proportions observed at nearby gauges. Where there was a
nearby gauge with a similar rainfall total to the one with the missing data,
this gauge was given greater influence in choosing the proportions than other
nearby gauges. Hereafter both sources of 2-day totals are referred to as
"observed".



The observed 2-day totals are mapped in Figure 1. The gauge locations are
also shown to give some indication of which parts of the map are most
reliable.

HISTOGRAMS

A number of the daily gauges provided have been used to draw histograms of
the week’s rainfall. A selection are presented in Figure 2. Missing data are
indicated by a star next to the day number on the horizontal axis. The
histograms show that there was widespread rain on the days preceding the
storm, the largest falls being in the South West of the study area (e.g. gauge
693637 at Gairlochy). They also indicate how the storm rainfall was divided
between the 5th and 6th February. This varied with region: the North and
West of the study area tended to have higher rainfall on the 5th than the
6th (e.g. 789210 at Fannich Lodge, 778574 at Benmore) while the South and
East had higher rainfall on the second day or similar totals on both days (e.g.
695547 at Fersit, 805591 at Culloden). This appears to be consistent with our
knowledge of the synoptic feature responsible for the heavy rain.

The final histogram in Figure 2 (798224 at South Laggan) illustrates how the
very large 2-day rainfalls were in most cases split evenly between the two days.
This meant that the 2-day totals were much rarer than either of the 1-day
values as seen in the following table using South Laggan as an example.

1-day 2-day
South laggan 5th Feb 6th Feb S5th + 6th
Rainfall 128.9 132.1 261.1
100 year event 111.7 111.7 151.2

(FSR method)

SUBDAILY GAUGES

Data, from ten subdaily gauges provided, indicate that the period of heavy
rainfall coincided unusually well with the rainfall measurement days, 9.00 am
Sth February to 9.00 am 7th February. This needs to be accounted for in
the assessment of storm rarity. Whereas the daily data provide a good
description of the February 1989 storm depth, this will not generally be the
case for other historical 2-day rainfall depths against which the rarity of the
storm is assessed. The approach taken to allow for this was to estimate the
2-day depth that might have been recorded for the event, had the rainfall
measurement day been otherwise defined. By reference to data from six
subdaily gauges (in, or close .to, the catchments) 48-hour depths were
abstracted for eight further periods, commencing up to 12 hours earlier or 12
hours later than 9.00 am 5th Feb. The analysis indicated that such a storm
might be expected to yield, on average, 2-day rainfall depths about 5% less
than those actually recorded. For this reason a "downrating factor” of 95%
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was applied to the 2-day depths before assessing the rarity of these totals.

3. Standard assessments of storm rarity

POINT RAINFALLS

Retumm periods have been calculated, using the FSR 11 method, for each of
the “"downrated” 2-day totals The FSR II method has two stages in this
case :-

1) Finding the 2-day M5 value at the gauge location. This was done by
using a digitised form of the 2-day M35 map.

2) Converting the 2-day M5 values to different return periods using equations
from Keers and Wescott(1977) based on the tables in FSR II 2.3.

The highest return periods found for the storm (after the rainfalls had been
adjusted for the effect of synchronisation with rainfall measurement day) were
5500 years at Clunes Forest, 3800 years at Kinloch Hourn and 3400 years at
South Laggan. The higher 2-day M5 value at Kinloch Hourn meant that
despite having the largest 2-day rainfall it did not have the highest return
period. The complete set of return periods can be found in the Appendix. A
map of return period (T) is given in Figure 3. The interpolation from the
gauge locations to a regular grid (requized for contouring) is done on log T
rather than T. The map of return pericd shows a similar structure to that of
rainfall depth.

CATCHMENT RAINFAIL

The IH triangle method (Jones 1983) has been used to calculate average 2-day
rainfalls for the Ness, Beauly and Conon basins. The results are 139.8, 119.5
and 128.5 mm respectively. Again, to assess the rarity of these average
rainfalls the coincidence with the rainfall measurement day must be accounted
for by using average rainfalls .of 95% of those calculated. The FSR II
method for catchment rainfall frequency estimation is then used. (FSR 1I 8.1.2)
The catchment is divided into two or three areas based on SAAR. The
average 2-day M5 value for each of these areas is found and is then used as
a representative point. For each return period, the catchment rainfalls are
taken as the area weighted averages of the rainfalls at the representative
points with the result being reduced by the appropriate areal reduction factos.
This gives return periods of about 115 years for the Ness, 100 years for the
Conon and 21 years for the Beauly.

[Revised 12/5/89]




4. Special investigations

TREND IN ANNUAL MAXIMUM 2-DAY RAINFALLS

The analysis is based on rainfall data from all the gauges within the Ness,
Beauly and Conon hydrometric areas for which at least ten years of
computerised data are held. This is a total of 63 gauges, two of which have
over 60 years of records. The long-term gauge at Fort William was used to
provide additional data before 1961.

Figure 4 shows annual maximum 2-day rainfall standardised by SAAR plotted
against year for all the pgauges. In addition the line obtained by simple
regression of rainfall on year is plotted. The equation of the line is

2-day annual maximum/SAAR = (.595 - 0.000110(Year-1900)

Both coefficients are significantly different from zero but the trend is relatively
weak. The analysis does not support the view that heavy rainfalls in the area
are increasing in frequency.

THE APPLICABILITY OF FSR II GROWTH FACTORS TO
THE NESS REGION

The applicability of the FSR II growth factors to the Ness region was assessed
by comparing the gauged and FSR 2-day frequencies for sites with long
records. Three gauges were used: Garthbeg (803475), Achareidh (805929) and
Fort William (691872). Figures 5 show the extreme value plots, fitted general
extreme value distributions and the standard FSR synthesis. The figures show
that the degree of correspondence between the FSR based frequency curves
and the observed data is reasonably good and hence provide little evidence
that the FSR I synthesis is inappropriate for this region. However there was
insufficient time within the present study to verify, in the Ness area, the
quality of the 2-day M5 map on which the rainfall frequency estimates are
dependent.

5. Further research

Possible additional investigation can be divided into two areas, further research
of the February 1989 storm and more general research related to rainfall in
the region.
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FEBRUARY 1989 STORM

The rarity and the widespread nature of the February 1989 storm and
associated flooding suggest the possibility of further research particularly in the
following areas:

(i) Collating and interpreting additional descriptive information available for the
storm, for example from weather station and satellite data

(ii) Assessing the contribution of the wet conditions prior to the storm to the
severity of flooding. However, such assessment of the ranty of combined
circumstances is non-trivill and would advisedly incorporate rainfall-runoff
modelling of key catchments.

GENERAL RESEARCH POSSIBILITIES FOR THE REGION

Areas of possible additional investigation are as follows:
(i) Testing of the 2-day M5 map for the region

(il Further investigation of possible trends in rainfall frequency. To do this
more thoroughly it would be helpful to analyse additional long-term daily
rainfall records in the region and to consider catchment rainfalls as well as
point rainfalls.

(iii) A comprehensive re-working of 1 and 2-day rainfall frequency in Northern
Scotland using a focussed growth curve method (Reed and Stewart,1989}).

To be convincing these analyses would require a more comprehensive dataset
than at present held. It is understood that the Meteorological Office
(Edinburgh) hold pre-1961 records of daily rainfail in manuscript form.
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Figure 5b:  2-day rainfall frequency, Achareidh
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Figure 5a:

2-day rainfall frequency, Garthbeg
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The Institute of Hydrology is a component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Science. For over 20 years the
Institute has been at the forefront of research exploration of hydrological
systems within complete catchment areas and winto the physical
processes by which rain or snow is transformed into flow in nvers.
Applied studies, undertaken both in the UK and overseas, ensures that
research aclivilies are closely related to practical needs and that newly
developed methods and instruments are tested for a wide range of
environmental conditions.

The Institute, based at Wallingford, employs 140 staff, some 100 of whom
are graduates. Staff structure is multudisciplinary involving physicists,
geographers, geologists, computer scientists, mathemaiticians, chemists,
environmental scientists, soil scientists and botanists Research
depanments include catchment research, remote sensing,
instrumentation, data processing, mathematcal modelling,
hydrogeology, hydrochemistry, soil hydrology, evaporation flux studies,
vegetation-atmospheric interactions, flood and low-flow predictions,
catchment response and engineering hydrology.

The budget of the Institute comprises £4 5 million per year About 50
percent relates to research programmes funded directly by the Natural
Environment Research Council. Extensive commuissioned research is
also camed out on behalf of govermment departments (both UK and
overseas), varous international agencies, environmental organisations
and pnvate sector clients. The Institute is also responsible for
nationally archived hydrological data and for publishing annually
HYDROLOGICAL DATA UNITED KINGDOM.
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