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Precipitation estimation
Radar scans ~250 km radius
7.5 min. resolution

Weather radar, 
Norway (met.no)

Raingauge, 
met.no

www.meted.ucar.edu

 Gauges - point measurrements, 
Spatial interpolation is required

 Radars capture spatial variation 
relatively well despite errors in 
quantitative information
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Merging Radar and Gauge Precipitation

Merging is not new - It is as old as the arrival of weather radar data for 
hydrology

Earlier focus – Correct bias in radar precipitation estimation using gauge 
observations. (e.g. Mean Field Bias (MFB) correction)

Sudsequent research focus – To further improve the spatial interpolation 
of gauges using spatial variability measured by radar. 

(e.g. Geostatistical merging methods)

Radar – Secondary Information
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Innovative framework for merging

Forecast combination approach

To merge – the study adapted a forecast combination approach. 

 Here, the two sources of precipitation are considered equally important.
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Study area,  Hurum radar coverage

Hourly radar & gauge precipitation and
air temperature data (2011 – 2017)
Norwegian Meteorological Institute,
https://www.met.no/

~60°N, 11°E
Hurum radar,
Oslo, Norway

Google.com

100 km radius

Hurum Radar

Google Maps
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Innovative framework for merging

Correct the hourly radar precipitation rate before merging

“Merging must be applied as the last step in radar precipitation estimation 
process and all possible corrections should be applied first” 
(Goudenhoofdt and Delobbe, 2009). 
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Reflectivity (Z)  Precipitation rate (R)  relationship

Weather radar Rissa, 
Norway. Met.no

(Marshall and Palmer, 1948)

www.meted.ucar.edu  Parameters a & b vary with type and phase of 
the precipitation.

 Some cold climate countries (Finland, Canada) 
uses two sets (snow & rain).

 To account multiple snow types & mixture of 
snow and rain, many parameter sets may be 
required
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Does air temperature matter?

 Temperature is related to phase of the 
precipitation & ensuing reflectivity.

 Dielectric property of snow is different from 
rain & it varies with temperature.

Hypothesis
Air temperature – Covariate in radar 
precipitation estimation for cold climates. 

Innovative part of the study
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Nonparametric approach

Sufficient observational 
records exist

Improved Quantitative 
Precipitation estimates

For systems where Physical 
relationships are less apparent

~ ~
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Nonparametric method

Conditional estimation of precipitation
Radar precipitation rate  & Air temperature - two covariates

 K nearest neighbor (k-nn) method
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Results from the study
 Bias is noticeably reduced
 15 % improvement in RMSE with air temperature
 80 % of the locations showed clear improvement

Sivasubramaniam et al., (2018)
Sivasubramaniam et al., (2018)
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Results from the study – Published
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Merging the two sources of precipitation

Corrected radar precipitation – k-nn estimates

Gauge precipitation

Using Forecast combination approach
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Forecast Combination approach

 Roots in Economic forecasting

Source – Wasko et.al, 2015

Bates and Grangner, 1969



Merging within dynamic forecast combination framework

Combination

Dynamic combination
Weight vary with time and space

Identify similar events
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Results from the study

 25 % improvement in RMSE compared to 
original radar precipitation

 Improved hourly radar-based continuous 
precipitation field for the study region

Sivasubramaniam et al., (2019)
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Radar-based precipitation field
High-intensity summer hourly event 
2014.06.26 15:00 

(a) Radar   (b) TPS   (c) k-nn (d) Merged

https://www.aftenposten.no/viten/i/8vWw/Meteorologisk-institutt---Nei-til-druknede-byer
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Radar-based precipitation field
Snow storm 2015.03.26 06:00 -11:00
Accumulated 6-hour event

(a) Radar   (b) TPS   (c) k-nn (d) Merged

https://www.dagbladet.no/nyheter/snokaos-pa-veiene---stanser-all-busstrafikk/60748045
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Results from this merging study - published
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Thank you for your attention

Questions and Comments are welcomed.


