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Practical use of Radar rainfall data at Thames
Water
William Neale - Thames Water

Introduction
Water companies and consultants all have very similar uses for rainfall data in managing and
understanding sewerage networks. Thames Water have been using radar rainfall data for
some years now, and we see a number of clear advantages with it over the conventional
methods of collecting and analysing rainfall using raingauges. The greatest advantage is that
the radar system provides us with management information very quickly, and at a fraction of
the cost of a network of 40,000 rain gauges across the Thames region.
This paper provides an overview of where and why Thames Water find radar rainfall useful,
our method of working with the data and will highlight some of its limitations. As with all data
sets, it is worth knowing the limitations of your information before applying it faithfully to
models. This paper will also try to highlight some of the points to be aware of when using
Radar rainfall data.

What is Radar rainfall data?
RADAR stands for RAdio Detection And Ranging. The development of radar, as we know it
today, started in 1935 and was used during the Second World War to detect aircraft.
Interference from weather systems was at the time seen as a nuisance, but it was not until the
1950’s that the Meteorological Office started to use radar for weather forecasts.
The Met Office now has a network of radar stations throughout the UK, providing 5km
resolution data for the whole country and 2km resolution for the majority of populated areas.
Thames Water’s region has excellent coverage with 1km resolution data being provided by
stations located at Chenies, Thurnham and Dean Hill.
It is not the intention of this paper to explain how the radar system works and how the Met
Office converts the radar images into quantities of precipitation. However, it is important to
understand something about how the data is collected, so that we are able to question the
data we receive.
o

Each radar station sends out pulses of electromagnetic waves in a narrow 1 bandwidth
around a vertical axis. The sweep is repeated at various angles of elevation, usually between
o
o
0.5 and 4 , to take into account local topography and man-made objects that can ‘clutter’ the
image. The time taken for the reflected pulse to be returned to the stations and the strength
of that reflection, determines the positions and strength of the image. The data is then
collected at the Met Office in Exeter, where it is processed into an average precipitation rates
for 1km, 2km and 5km grid squares, depending upon the distance the image is from each
recording station.
Radar provides an average rainfall intensity and depth at 5 minute intervals over a 1km, 2km
or 5km grid and is not a “point source” recording, like raingauge data. The 5km data and to
some extent the 2km data tends to smooth out the peak intensities, but this is not so evident
with the 1km data. The radar data has a tendency to over-read during very heavy rainfall and
under-read during drizzle. Care must therefore be taken when using raingauge data to check
or compare against the radar rainfall data. You are not comparing like for like.
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Uses of Radar data at Thames Water
Radar rainfall data contributes an essential part to four main areas of Thames Water’s
business.
1.

Analysis of historic rainfall events – When a catchment has a history of flooding and
there are no current surveys taking place near to the reported problems, we are able
to use the radar data to assess past rainfall events. The radar rainfall and any
information from fixed gauges, owned by third parties, is collected and applied to our
existing models. Using this information enables us to analyse the rainfall, its return
period and the flooding mechanisms and to gain confidence in our models.

2.

Management Information – This is usually to understand specific rainfall events that
have caused flooding and other operational problems. In this situation we collect
together all the data that we can find on an event, but when management want to
know why something happened, they want to know immediately! Thames Water has
a system whereby radar data is received every 6 hours. This means that we have
data we can use to analyse the rainfall the day after the event, rather than waiting for
weekly survey data. This also means that Thames Water can carry out analysis work
very quickly and is able to issue more meaningful statements about the rainfall and its
impacts, as soon as possible, to those customers most affected by it.

3.

Model Verification – The conventional method is to use tipping bucket raingauges at a
2
density of 1 every 2 to 4 km depending upon the catchment terrain. However, over
large catchments this is not always practical. Thames Water has some very large
2
catchments in and around the M25, some of which are in the region of 600km . This
would require 100 to 200 raingauges, which would be a considerable undertaking for
both contractor and modeller. Identifying suitable sites across central London is not
easy and collecting the data and analysing it on a weekly basis would be difficult and
time consuming, not to mention, very expensive. Thames Water has started to use a
combination of raingauges and 1km radar data to provide data for verification
purposes.

4.

Long term catchment analysis – Thames Water is in the process of upgrading its
London macro models. Due to their size, these are being carried out in manageable
sections of approximately 500k people at a time. The north London model will require
6 individual models to be built and joined together. Permanent depth monitors are
being installed in each catchment to record seasonal variations in flows as well as to
record the extreme events that are often missed by short term flow surveys. Rather
than keeping hundreds of raingauges out across London to augment the data from
the permanent monitors, radar data is being used alongside a smaller number of
strategically placed raingauges.

Thames Water does not use the radar data for forecasting. However, sporting events such as
Wimbledon and Test match cricket are making more use of radar rainfall data. The match
officials use the data to track rainfall events across the sports venues, to predict whether it
was sensible to expect more play in the day. At present the forecasting is not detailed enough
for us to use to forecast flooding from the sewerage system.
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Radar use – Management information
The first rainfall event that really focussed the attention of the Thames Water management on
radar data was on 3rd August 2004.

Key – rainfall rate in
mm/hr
<0.25
0.25-0.5
0.5-1.0
1.0-2.0
2.0-4.0
4.0-8.0
8.0-16.0
16.0-32.0
32.0-64.0
>64.0

10km

Figure 1 – Radar image from Chenies 3rd August 2004 15:15
Figure 1 is courtesy of the Met Office and shows a ‘snap shot’ of the rainfall at 15:15 on 3rd
August 2004. Using images like this it is possible to see how variable the rainfall was as it
tracked northeast across the Thames region. Reports from the area were that it was like
monsoon rainfall in Hong Kong taking place in High Wycombe. There were several cases of
structural damage to flat roofs and there were also significant fish kills within the River
Thames outside the Houses of Parliament, while there appeared to be hardly any rainfall in
London.
To pick up data like this from raingauges would require thousands across the catchment to
get a good picture, but over a large geographical area the radar provides a very good picture
of the spatial variation of the rainfall.
Figure 2 is taken from the radar data above and shows how spatially distributed the rainfall
was. One of the worst areas of flooding was near Wembley, where 70mm of rainfall was
recorded during the day. Fortunately there were flow survey raingauges out in the Harrow
area, which is near to a severe weather point, but not on it precisely. The rainfall totals from
the raingauges were compared with the totals recorded by the radar data and they were
found to correlate well.
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Figure 2 – Contour map of rainfall depths from 3rd August 2004
When this rainfall was applied to the north London models, the results showed that the storm
relief sewers would put very localised discharges into the River Thames. The extreme event
really did cause the discharges necessary to generate such an impact on the fish stocks,
even though the rainfall was well away from the river.
This event was followed by another localised event in 2005 over Earls Court. Geographically
a different area, but from the sewerage network point of view, a similar response occurred.
The benefit of really knowing what had happened was now a must have and so Thames
Water took the decision to invest further in the radar data. As a result, Thames Water now
receives radar data loaded automatically to our server every six hours. This means that we
have data for a major event available the following day.

Return Periods
The Thames Water system is set up to provide return periods of rainfall on demand. The
following figure shows what a particularly large rainfall event looked like during July 2007.
The main motorways in the region are shown in dark blue, the triangles are reported flooding,
and the squares are coloured by return period. Light green 1 to 10, dark green 11, orange 12
to 21 and red above 21. Clear squares represent less than 1 year return. You can see how
the flooding correlates with rain. Working with the grid squares it is possible to attribute rainfall
return periods to flooding reports. Each property can be coded based on the rainfall received
in that area.

Page 4 of 11

WaPUG Autumn Conference 2008

Figure 3 – July 2007 Rainfall return periods
There were difficulties with this data, partly due to the extremity of the event. The Met Office
had to reprocess the data several times to reach the final result, which now correlates with
raingauges Thames Water had positioned across the catchment at the time of the event.

Radar use - Model verification
Model verification - why radar? Thames Water has been purchasing radar data for some
time. When Thames Water built the original catchment models of the big central London
catchments, it was necessary to get a detailed overview of rain patterns to achieve
verification. The North London catchment, which contains some 3.5 million people, is
essentially combined in the central London area and so it deals with both waste and storm
2
water flows. This includes all highway and land drainage. The total area is some 600 km .
The catchment to the south of the River Thames is almost the mirror image.
In these catchments there is no single defined flow path. Water in a sewer can come from
many areas. The system designed by Bazelgette was such that wastewater stayed as high
as possible and gravitated to treatment. Storm flow could not be accommodated by the
interceptors that run west to east, and effectively cascaded down through the catchment. It
was felt that to achieve even a semblance of ve rification it would be necessary to measure
rainfall all over the catchment. The size was such that several hundred gauges would be
needed both sides of the River Thames. This was considered quite impractical so the radar
was used.

Page 5 of 11

WaPUG Autumn Conference 2008

STW

River Thames

Figure 4 – Flow paths in the Beckton catchment
In practice old radar was too focused on river catchment for good sewerage use, but it set us
on our way and when the Nimrod data became available in 2001 we continued to purchase
the data.
A few big storms over the last few years and the planning for the Tideway tunnel, have added
impetus to the system we employ at Thames Water.

Recent model verification using Radar data
Thames Water has recently had its model of Hertfordshire and large parts of
Buckinghamshire re-verified using radar data. This catchment is predominantly a separate
2
system with a population of nearly 650k people over some 300 km . To deal with the
verification process using raingauges would have needed at least 80 by conventional
methods. It would have been very difficult to find 80 sites and would have required a
dedicated survey team just to download the data, not to mention the additional modelling time
and costs it would have taken to analyse the data each week. 10 raingauges were installed
across the catchment to augment the 1024 1km radar cells covering the catchment and the
70 flow monitors installed in the sewerage network.
The area around Potters Bar, to the very east of the catchment had recently been verified and
was a good model. The verification was achieved with a conventional number of monitors
and raingauges.
The following plan shows total rainfall depths for each 1km radar cell across the catchment.
There are a large number of grid squares (1024) and the 10 raingauges are indicated as
yellow dots. This is a typical plot of rainfall accumulations for an event. The radar depths are
plotted in shades of blue and show a typical storm variation over the catchment.
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Figure 5 – Total radar rainfall depths 7th May 2007 – Maple Lodge catchment
In practice, some work had to be done to reduce the numbers of squares for which data was
captured and input to the model. InfoWorks® has a data import limit of 20MB and so the
number of grid squares used was reduced to only those directly over the catchment. This
reduced the total from 1024 to 460. Once this revised grid had been set up, the data analysis
and import to InfoWorks was a much quicker process.

STW

Figure 6 – 1km radar cells applied to the Maple Lodge model
As part of the verification process the model was set up to receive rainfall data from each of
the grid squares. The 10 radar squares that contained the raingauges were then used to
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analyse the rainfall recorded from the two systems. Rainfall intensities and cumulative depths
were studied as part of the testing and the radar was found to be very consistent with gauge.
This is the type of intensity comparison that we obtained.
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Figure 7 – Typical comparison between raingauge data and radar data
The correlation was good, except in one area to the east of the catchment. By complete
coincidence this was over the detailed model area, which was being monitored for flow too.
This area was examined in detail with flow generated by the radar and single gauge, being
compared with the measured flow. This allowed us to move away from the traditional
argument of which is better - raingauge or radar data - to comparing the single gauge and the
radar against flow generated.

The anomaly was not there for every event, but it occurred there frequently, while not
affecting other parts of the catchments
Looking in detail at the
gauge it was found that in
this location the radar
had a tendency to miss
the high intensity peak at
the beginning of the
event.
The radar was underreading, but in the rest of
the catchment the
comparisons were good,
we were able to assume
that the radar data was
correct and were able to
achieve a good
verification.
Figure 8 – Differences
between raingauge and
radar data
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Applying this radar data
to the model led to the
loss of flow predicted by
the model. You can see
that the single rain gauge
has actually
demonstrated a very
good fit with the
measured data for the
initial period of the event.

Figure 9 – Modelled response to raingauge and radar data – beginning of Event 3
However looking at the event as a whole, you can see that as the event continued the radar
matched the raingauge; and the radar with its spatial variation was a much better fit than the
single gauge. The anomaly was not there for every event, but it occurred there frequently,
while not affecting other parts of the catchments

Figure 10 – Modelled response to raingauge and radar data – whole of Event 3
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Radar data – points to think about
Prevailing Weather conditions – It is always worth knowing the type of weather systems
that cross your study area. Is the rainfall from the winter frontal systems generated by low
pressure weather systems that cross the UK, or from summertime convective thunderstorms?
During the summer there was a large electrical thunderstorm that crossed the Thames region.
When the radar data was compared to raingauge data, collected from ongoing surveys, it was
found that there was a large difference between the two data sets. The radar data was
generally over predicting the peak intensities and total depths. The size of the Cumulonimbus
clouds, the ice crystals contained within them and the high electrical charge in the
atmosphere was thought to effect the radar pulses and cause the over prediction.
During March we had a rainfall event that occurred during a period of cold weather and the
radar data over predicted the rainfall, once again, when compared to raingauge data. This
was thought to be due to the radar picking up large ice crystals, as the freezing point in the
atmosphere was less than 1000m above ground. Several days later a similar rainfall event
gave a good correlation with raingauge data, but the temperature had risen considerably for
this event and the freezing point had risen to 2000m.
Catchment distance from Radar Station – The radar pulse is sent out in radial sweeps
between 0.5 degrees and 4 degrees above horizontal. If your catchment is a significant
distance from the station, the beam height above the catchment will be greater, meaning that
you could be hitting colder ice particles higher up in the clouds rather than the precipitation
leaving the clouds. This is not normally a problem as the Met Office has some clever
software to account for such things. However, if one of the radar stations goes down during a
storm, you could end up receiving data for the remaining part of the storm from another
station further away. This data could be a 2km resolution over your catchment and it will
therefore be less accurate.
Large variations between Radar and Raingauge data – It is always advisable to check
your peak intensities and the general rainfall profiles, as well as the cumulative rainfall depths.
This gives an indication as to the quality of the both data sets and will often lead you to ask
questions about the differences. Fortunately, when there appears to be problems with the
radar data, the differences are usually very large and so are easy to spot.

Uses of Radar data at Thames Water - Conclusions
Radar data is of great value to Thames Water
Thames Water has developed a good level of confidence in the radar rainfall data. This has
come from our practice whereby whenever we can, we will compare radar data with
raingauges we have out in the field. Our experience is that in general the 1km data is very
representative of raingauge data. Please remember that neither are true and complete
measures over an area. The main benefits are:
1.
2.
3.
4.

The radar data allows us to analyse all flood events, not just those near to
raingauges.
Thames Water can save money and resources by using radar data alongside
strategically placed raingauges in the large catchment studies.
The radar data provides a greater understanding of spatial variations of rainfall over
large catchments.
In general it has been found that the radar matches raingauge data well. This has
been checked using a large detailed catchment model.

However, the data must be checked regularly. Checking is not difficult once you have started
to use the data and understand more about your catchment and the radar system. The main
points to be aware of are:

Page 10 of 11

WaPUG Autumn Conference 2008

A. The system very rarely seems to overestimate by small amounts so overestimates
are very easy to spot. Extreme intensities causing ridiculous return periods etc.
B. Local anomalies do occur and that they tend to repeat, so once you understand your
catchment, you can spot these quite quickly.
C. We have also observed that most anomalies are under reads which is “safe” because
the reporting system will tend to record these events as “normal” rather than
“extreme”, so customers are more likely to get schemes than less likely.
Large amount of data
The radar system provides us with management information very quickly, and at a fraction of
the cost of a network of 40,000 raingauges across the Thames region.
Quality of the data
The radar is not perfect, which is why it needs checking, but this does not remove its value.
The Met Office is currently working to improve data quality so the data will get better in the
future.
Looking forward we hope that reliability may lead to possible value for forecasting at the detail
level needed to help customers with flood protection from sewerage flooding.
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