Proceedings of ERAD (2004): 398—4@ Copernicus GmbH 2004 E RA D 2 O 04

Getting more value from the UK weather radar network

J. M Lynch, R. W Scovell, and A. H Smith
Met Office, FitzZRoy Road, Exeter, Devon, EX1 3PB, UK

Abstract. Although there is a record of continuous improve- gauge networks, further improvement in radar accuracy is es-
ments in UK weather radar rainfall in recent years, it is still sential.
recognized that recurring spatial problems such as occulta- To respond to this challenge in the UK, the Met Office
tion and spurious clutter limit the application of radar data in and the Environment Agency are investing in a project to re-
flow forecasting models and in numerical weather predica-engineer the radar data processing chain. The objective is not
tion. only to bring about an incremental improvement in the accu-
This paper explains how the processing of UK radar datafacy, availability and timeliness of radar rainfall products, but
which is about to move onto a new platform, will dynami- also to design a system that should improve the benefit to cost
cally correct for these problems. As it is now economical to ratio from future development work. The design fundamen-
transfer high resolution polar data to a central processor, suct@ls are:-
problems can be tracked and corrected, and these data can

then be combined with the best meteorological data avail- ~— Concentration of all quality control and correction pro-

cedures on a central system, with minimal processing at

able. radar sites (Fig. 2)
The overall design philosophy of the new system is de- g-<)
scribed in detail, but as well as delivering improvements in — Deferment of categorical quality control decisions to the

data quality, the system aims to concentrate all quality con- point in the processing chain where the decisions can
trol and correction procedures on one central system, thusre-  be made in the light of all available meteorological evi-
ducing the processing performed at radar sites, and allowing  dence.

quality control decisions to be informed by the best meteoro-
logical information. Other design aims are to maintain data
resolution at the highest level until the generation of products
for customers, and to establish a common processing chain

for UK and other radar data from Europe. — Use of best-practice correction algorithms and collabo-
rative development to minimise costs.

— Retention of maximum data resolution as close as pos-
sible to the point where products for end-users are gen-
erated.

— Common processing of UK and other radar data from
1 Introduction Europe.

In the UK, it is perceived that the benefit to operational hy-

drology derived from the radar network is limited by the 2  Algorithm design philosophy

guantitative accuracy of the rainfall estimates. Steady im-

provement in radar data quality over recent years (see Fig. 1t present Radarnet Il system receives partially processed

has resulted in the data being used as input into flow fore-data and performs initial corrections. Data are then passed

casting models in a limited number of catchments. If flood through to the Nimrod forecasting system where further cor-

warning service delivery targets are to be metin a larger numrections are applied and forecasts made. An advantage of the

ber of catchments whilst avoiding heavy investment in newincreased processing power gained with the new hardware
is that all the data processing can be done on one machine.

Correspondence tal. M Lynch This reduces the load on the Nimrod system and increases

(Jo.lynch@metoffice.com) timeliness of products to customers.
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(1.0mm) Root-mean-seuare factor (Gauge - Raclar) The processing chain will now be discussed in more de-
- tail so that other enhancements can be highlighted. As men-
2804 - ; tioned previously, the new system will handle UK and Eu-
S R R e U PR ropean data, but for the sake of simplicity only the UK pro-
220 cessing chain is discussed at the moment. This chain can be
considered to consist of three sections, namely:

— radar error identification

Fig. 1. Long term trends in the differences between gauge and radar

estimates of rainfall over the UK. The dashed line joins monthly —— polar surface rainfall field production
values of the RMS fractional difference between hourly gauge ac-

cumulations and collocated integrated radar data. The solid lineisa — products

running annual mean of the monthly values weighted by the number

of comparisons within each month.
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3 Radar Error Identification

This stage involves identification of various fault conditions
in the radar data. The current methods are to be expanded
to include three techniques which have recently been devel-
Nimrod Oped'

The clutter handling is a two stage dynamic procedure.

Cyclops Radarnet 3

Cartesian
radar data,

m

Radar >

§10npoud data @
repey

. =z — This tv_vo .s.tage approac.h uses the local spatial and tempo-
W W products and _ral variability to make a judgement on Whe_ther or not a cell
SIIEiE is cluttered (Sugier et al., 2002). It does this by comparing a
long term frequency of detection map with the current radar

European data. This enables rain to be detected where clutter is present.

Radar St Qlar datg)  Breter Secondly, the same frequency of detection map is used to de-

fine where occultation occurs for each radar. If the blockage
is two degrees or less in azimuth, the data are interpolated
across the blockage. Anything larger than this is marked as
invalid and higher scan data should be used where available.
The third technique is to correct radar pointing errors. These
errors are derived by observation of sunrise and sunset (Dar-
lington et al., 2003). The offset is then applied at a later stage
in the processing.

Fig. 2. The current _system (above_) compared vyit_h the new stream- The errors are identified by a flagging method which al-
lined (below). This shows the increased efficiency of the new,qs the original data to be preserved until the last possible
Radarnet system with a reduced load in the Nimrod machine. 700 Flags will be set to either valid, invalid or corrected.

Cyclops Radarnet 3
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The installation of Radarnet IV will also coincide with an
increase in the resolution of the input data from Cartesiard Polar Surface Field Production
1km, 2km and 5km resolution to polar data ¢f<I750 m
resolution. Although itisn’t yet possible to process data from Once errors in radar data have been flagged for each scan ele-
individual pulses, it is now feasible to receive data which rep-vation (up to eight scans) the polar data have to be combined
resent averages over approximately 100 samples. The curretd form a best estimate surface rainfall field. As the most ac-
starting point is Cartesian rainrate data which has been proeurate rainfall measurements are made from scans below the
cessed at the radar site. This is a situation which is ideal fobrightband, the lowest elevation possible should be used for
combination with other gridded data such as satellite cloudthe surface rainfall field. To optimise the data received, each
top heights and raingauge totals (Kitchen et al., 1994) butpolar cell is scrutinised for each scan elevation and the low-
leaves no possibility of revisiting potential problems in the est elevation containing a valid flag, and therefore valid data,
radar reflectivities (i.e. the radar measurements) themselvess recorded. This constitutes the “lowest usable scan”, and is
When radar data have been degraded in resolution, effectssed to estimate the surface rainfall. This technique enables
such as clutter and occultation (beam blocking) will contam-the extraction of best quality data while leaving behind data
inate the average. As will be discussed later, these effectsontaminated by clutter, anaprop or occlusion. If there are
can be detected by monitoring data over periods of up tono valid scan elevations for a cell it is marked as invalid and
three months, but if data are degraded in resolution at an earlis dealt with in a later process, either the polar to Cartesian
stage in the processing such information is lost. conversion or the compositing stage.
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Following on from this step, a parameterised vertical pro-6 Processing of Data from European Radars
file of reflectivity is defined for each cell, using the satel-
lite measurements of cloud top height along with numericalThe chain that has been presented here is for processing of
model freezing levels to define the initial profile. The best UK data only. European data are not received as frequently
fit profile is derived by a process of iteration to minimise the as UK data (e.g. composites are produced every 15min,
differences between the observed surface rainfall rates ands opposed to every 5min for UK data). These data are
those predicted by the profile (Kitchen et al., 1994). Dur- presently received in Cartesian format, and for the purpose
ing this stage, it is possible to obtain an estimate of the radaof producing a composite, software developed by the Uni-
uncertainty expressed in terms of the beam height of the lowversity of Graz as part of the collaborative OPERA project
est usable elevation. This product can be distributed to cusean be used (Randeu, 2001). In the longer term, the process-
tomers along with the rainfall data and is used at a later stagég chain should be sufficiently adaptable that European data
in the compositing to assist in the selection of the best radacan be fed through the same processing chain as UK data,
site data for a particular point. although this may involve performing a Cartesian to polar
conversion on the initial data, until such a time when polar
data can be distributed around Europe. Another proposed
development is to produce composite data at 1 km, 2 km and
] 4 km resolution, rather than the current 1 km, 2km and 5 km.
5 Cartesian Products This is line with a perceived trend in Europe which will allow
data of different resolutions to be combined more easily.

Before radar data are delivered to customers they are mapped
onto an appropriate Cartesian grid (initially at 1, 2, and 5 km
resolution in UK National Grid coordinates). At this stage / Results

the same flags indicating whether data are valid or invalid are ) o )
passed along with the rainfall rates, so that invalid data (i.e.N€ Processing chain is now complete and due to start testing

data for which all elevations were cluttered) are not includedShortly; however, there are optimizations to be made before

in the Cartesian averages. Fewer polar cells are present ifi IS deemed to be a fully operational system. The following

higher resolution pixels and it is sometimes necessary to us&n2ges are in pairs, the left hand image is the current Nimrod
lower resolution data to cover missing pixels (pixels which System and the right hand image is from the new Radarnet 4

contain no valid data). As the corrections are applied toSyStem.

the data at a much earlier stage than was previously pos- The developments in occultation corrections described
sible, more valid data are extracted and this technique will@dbove allow better quality data to the north of Chenies radar
be less prominent. The last adjustment to single site dat4Shown in Fig. 3). This has been a long standing problem,
is a raingauge adjustment factor which is applied across th@reviously of some concern. Ingham radar, in Lincolnshire,
whole radar field. Although radar hardware is calibrated on ahad @ history of clutter breakthrough close to the radar site.

monthly basis, this adjustment can compensate for long ternd Nis is due to its situation in a relatively flat area. Figure 4
drifts in the calibration. shows this has been significantly improved with the new clut-

. . , ter removal scheme. The blockiness seen here and, more

The last task in the Cartesian Products stage is the prOducﬁrominently in Fig. 5 has been reduced due to the recep-

tion of a UK composite. _Th|§ Is an attempt to gombme the tion of polar data. Previously it was necessary to supplement
best data from all radar sites into one field covering the whole, . higher resolution data with the occasional pixel of lower

of the UK. Erom the earher.dlscussmn it will be recognlsed resolution data to prevent missing data pixels but now this
that some single site data will have been produced using VeIl be a less common feature in radar data. Also in Fig. 5

high scan elevation data to avoid clutter and/or OCCUItat'on'it is possible to see the retrieval of rain from cluttered pixels

Inh'gth S|tuatl|)c|m Itis IFrefera;_%lz tha’; data f|r0m ar;othe_r S and the removal of invalid data from the polar to Cartesian
which was able to collect valid data from a lower elevationIs 4 4ging. The pointing error correction of order 1 degree,

used. r‘}l’_hﬁse deqspni will b.e basbed onhthg uncer:tglnr':y prﬁdélso applied in the polar to Cartesian averaging, can be seen
uct, which contains information about the beam height. The,,o o o5'the data have been rotated slightly in a clockwise di-
uncertainty product can also be produced to correspond WIﬂPection

the UK composite.

Another addition to the Cartesian part of the processing is
the generation of a composite that contains 1, 2 and 5kn8 Conclusion
data. Again the uncertainty product is used to determine
the best quality data and, as a default, 1 km data are used il is anticipated that the new Radarnet IV system will have a
preference to 2 km data and 2 km data in preference to 5 kntifetime of 5 years, and consequently it has been designed to
data. This means that for customers receiving a compositeprovide the flexibility to deal with increased volumes of radar
the best quality and highest resolution data are provided fodata from within the UK and beyond. Concentration of radar
each Cartesian pixel. quality control on one central processor will allow quality
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Fig. 3. Chenies, NW London, 10:15, 8 January 2004, showed im-

. . . . . Fig. 5. Corse Hill, SW Scotland, 14:00, 10 June 2004, shows re-
provements in rainfall retrieved over areas suffering occultation.

duced clutter and better resolution over the storm area with higher
retention of rain over cluttered areas.

References

Darlington, T., Kitchen, M., Sugier, J., and de Rohan-Truba, J.:
Automated real-time monitoring of radar sensitivity and antenna
pointing accuracy, Paper 7B.6 31st International Conference on
Radar Meteorology, 2003.

Kitchen, M., Brown, R., and Davies, A.: Real-time correction of
weather radar data for the effects of bright band, range and oro-
graphic growth in widespread precipitation, Quart. Jour. Roy.
Meteorol. Soc., 120, 1231-1254, 1994.

Randeu, A., Kck, K., and Randeu, W. L.: Proposal for the inclu-
sion of geographical projection information into FM-64 BUFR
code, Opera working document no. 2/01, 2001.

éugier, J., du Caelet, J. P., Rouquain, P., and Smith, A.: Detection

and removal of clutter and anaprop in radar data using a statisti-

cal scheme based on echo fluctuation, Proceedings ERAD, Delft,

Netherlands, pages 17—-24, Copernicus GmbH, 2002.

Fig. 4. Ingham, Lincolnshire, 14:25, 1 July 2004, has reduced clut-
ter and more detailed rain within a storm close to the radar.

control algorithms to be developed, tested and implemente
in the future more quickly and at lower cost.

Although the results shown here demonstrate that the new
scheme can provide improvements to weather radar data,
whenever a new site is added to the scheme there will have to
be a trial period to collect enough data to provide clutter and
anaprop climatology, and to allow the identification of these
parameters to be tuned so that the amount of rain retrieved in
cluttered areas can be optimised.

Improvements in availability and timeliness should be
readily measured initially, but in the long term it is hoped
that the improvements demonstrated in this paper in single
site data will feed through to long term composite statistics
to provide a continual gain in the accuracy of rainfall mea-
surements (in Fig. 1), accompanied by a reduction in the false
alarm rates.
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