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Aim of the Research

• Radar Reflectivity deduced rainfall is 
currently adjusted operationally using 
data from a number of raingauges

• The aim of this research was to investigate 
whether data from a microwave link could 
provide an alternative method of rainfall  
adjustment



Experimental area terrain

Location is Bolton, NW England. Links are 23km (17.6GHz) & 15km 
(22.9GHz). Hameldon Hill C-band radar at N end of 23km link



Some problems with links
• Antenna wetting by rain or melting snow.

• Some attenuation in atmospheric propagation 
without rain.

• When does the event start and finish?

• Establishing a baseline for attenuation.



In this work

• We have used the radar data to decide when it 
starts/stops raining.

• We have adopted the baseline at the beginning 
of each event, thus ignoring attenuation caused 
by antenna wetting.

• We have done this to simulate what an 
operational system would have to do.



Gauges surrounding Hameldon Hill Radar

�� MO gauges used for
gauge adjustment

� EA gauges used as
test gauges for
adjustment

� EA gauges used to
compare with link
estimates



Real-time adjustment of radar data

• Adjustment is a process in which the results of 
recent comparisons between collocated radar and 
other rainfall measurements are used to correct 
(or adjust) current and future radar data.

• It is often confused with:-
Radar ‘calibration’ (hardware),

Radar + gauge combination (post-processing).



The adjustment problem

• Aims to improve the quality of radar rainfall 
rates in real-time.

• Conceptually simple but difficult in practice.
• Three fundamental assumptions

1. Comparison data tells you something useful about 
errors in the radar data

2. Any errors that are diagnosed persist into the 
future

3. Reliant upon assumptions about the form of the 
radar errors.



Adjustment Schemes - design issues

• What radar error source are we expecting to dominate? 
Are we making other corrections?

• On what scales do the radar errors arise? How does this 
relate to the density of comparison data?

• What is the error quantity we want to minimise?

• What happens if there is no comparison data?

• Conservative or aggressive?



Types of radar adjustment scheme

• Mean Field bias adjustment- applies the same 
adjustment to the whole radar domain.

• Domain adjustment- uniform adjustment over 
a domain (subset of radar domain).

• Surface Fitting- the adjustment varies 
smoothly across the radar domain.



The current Met Office gauge 
adjustment scheme

• Hourly reporting rain gauges (0.2 mm tip)

• Hourly integrations of 5km radar data

• Only gauges within 100 km range used

• Only use comparisons where it has rained for most of the hour

• Gauges which are in known. cluttered/occluded areas not used

• Method based on scheme of Seo et al.



Method

• 9 adjustment schemes with different 
characteristic response times, from 1-200 
hours – all running in parallel.

• Factor selected is from the shortest time  
response that has an age-weighted 
number of gauge-radar comparisons 
greater than a threshold (50).



Gauge-based  Adjustment 
Process

log(Bi) = (1- wi) * log(B{ i - 1}) + wi * BA
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• Bi is the bias adjustment in hour i

• wi is a function of n(i), the number of gauge-radar pairs available 
in hour i

• r j and gj are the radar and gauge accumulations at location j in 
hour i.

where
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Path-averaged rainfall estimates

• We now show an example of path-averaged 
rainfall estimates for each link, giving adjusted 
radar, link attenuation, and gauge values.

• Gauge estimates are Thiessen weighted 
averages of 5 gauges (23km link) or 3 gauges 
(15km link).

• Radar data for 15km link is taken from higher 
elevation because of intervening high ground.



Radar/Link/Gauge comparison for
17.6GHz link on 14 Sept 2006



Radar/link/gauge comparison for 
22.9GHz link on 14 Sept 2006



Hameldon Hill Link – 17.6GHz
Radar-Link event scatterplot



Stages in Link Adjustment
For each hour in which there is at least 0.2mm :

1. Calculate the path-averaged accumulation for the 
hour from the link

2. Calculate the path-averaged accumulation for the 
hour from the Cartesian radar data

3. Remove the gauge-derived adjustment already 
included in the radar data

4. Compare Link and unadjusted Radar 
accumulations and update the link-derived 
adjustment factor accordingly.



Link Adjustment

)/log( iiA rlB =

wi is a function of the proportion of the link that 
experiences rain in the hour,

l i and r i are the path-averaged link and radar 
accumulations in houri. 
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Gauge
Radial link
Transverse link

Comparison of adjustment factors



Verification of Adjustment factors

• Compare radar rainfall estimates, 
adjusted by the Met Office gauges or by 
the links, with rainfall data from test 
gauges.

• Is there any improvement over no 
adjustment?



Comparison of radar and test gauges:
accuracy of alternative adjustments

-0.222.061.05None

-0.162.010.94Met Office 
Gauges

0.071.960.8922.9GHz

-0.041.980.9217.6GHz

BiasRMSFRMSRadar value 
adjusted by:



Conclusions

• Adjustments are better than no adjustment.

• Link adjustment is as good as gauge 
adjustment.

• A transverse link is as good as a radial link.


