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Canadian Radar Network: pre-2016 



Canadian S-Band Radar: Leonardo 1700S 



Deployment status: end 2021 

Green-gray: old 

Green: replaced 

Yellow: 2021 

Red: new 



Radar Data Processing: BALTRAD and CARDS 

• CARDS is the operational “CAnadian Radar Decision Support” software that 

processes raw radar data. 

• BALTRAD (github.com/baltrad) is open source “community-based weather radar 

networking” and data processing software, which we run in parallel for some 

additional products, e.g. for radar data assimilation. 

• Canada uses BALTRAD to detect and extract solar ‘hits’ from operational radar 

scans and use them to determine antenna pointing accuracy, power levels and 

their stability, and in estimating receive side ZDR bias. 

• Methods developed by Asko Huuskonen, Iwan Holleman and co-authors 

• C code from Iwan Holleman 

 



LEONARDO™ ZDR OFFSETS 
• From Leonardo’s “GDRX® Signal Processing User Manual” - Release 5.0 

• System ZDR offsets are added to raw values to produce output data 

• Receiver offsets updated by system during fine raster scans 

• Transmitter offsets updated by system during calibration/maintenance 

• Birdbath offset automatically updated (if enabled) by a system script 

• Manual offset can be changed by end-users 

 ZDROFF[dB] = ZDRSYS + ZDRMAN + ZDRBIRD_BATH 

• ZDRBIRD_BATH is optional offset measured by script at 90° EL angle 

• ZDRMAN is manual user adjustment 

• This is the value ECCC adjusts 

• ZDRSYS = calculated/controlled offset from radar sub-systems 

• i.e. ZDRSYS = OFFTX_SYS+OFFTX_MAN+OFFRX_SYS+OFFRX_MAN 



LEONARDO™ ZDR SYSTEM OFFSETS 
 

• System ZDR offsets are captured from all radars into a central AnalystTM 

database, which we are able to access  

• We use Python code to connect to this central DB and extract all ZDR 

Offsets in use at each individual radar 

• Data is only stored in database for up to 90 days 

• The current ZDR offset values are copied locally to an Excel spreadsheet for 

several uses 

• We are able to independently plot ZDR parameters to monitor changes 

over time (stability) and detect issues 

• Provides historical record of changes since the AnalystTM database 

flushes older data 



History of ZDR System Offsets for Dryden S-Band Radar 





ECCC Tools estimate biases 

• Reported ZDR Data (ZDRo) = Raw ZDR Data (ZDRs) + system ZDR offsets (ZDROFF) 

• So Raw ZDR Data (ZDRs) = ZDRo – ZDROFF 

• Solar hits extracted using BALTRAD contain only Rx ZDR biases 

• To determine and plot residual Rx ZDR bias, we take the reported solar flux and remove all 

Tx, User and BirdBath system ZDR offsets 

 

 

 

 

 

 

• Rx ZDR Bias = ZDR of Solar_FluxBALTRAD – (ZDRTX + ZDRMAN + ZDRBIRDBATH) 

• Where ZDRTX = OFFTX_SYS+OFFTX_MAN           (Recall that ZDRSYS = OFFTX_SYS+OFFTX_MAN+OFFRX_SYS+OFFRX_MAN) 

 

 

BirdBath Position 



Bethune Solar (RX-Only) Bias Plots: Jun, Aug, Nov 2020 



Operational Total ZDR Bias Estimation 
We search for ‘light rain’ events from operational data, to estimate overall 
system ZDR bias over daily, weekly and monthly periods. 
 i.e. when raindrops should be roughly equal dimensions in both H & V 

Find data in lowest EL scan, using following thresholds: 

• RhoHV  >= 0.98 

• dBZlo = 10 dB and dBZhi = 20dB 

• Velocity (absolute value) >= 0.1 m/s 

• SQI >= 0.3 

• Max PhiDP change along ray <=  20°  

• Range >= 20km and <= 120km or <= range of lower boundary of melting layer 

from models - 500m 

• Bin count meeting above criteria >= 500 bins 



Exeter, Ontario Rain ZDR Bias (System total) Plots: Oct – Nov 2020 
 

• Total system ZDR bias is estimated. 

• Would like to achieve ZDR calibration 

+0.2dB (final limit + 0.1dB desired) 

• Little or no estimates during cold season 

 
• Use of natural targets where intrinsic ZDR is close to 

zero. 

• Small raindrops fit the criteria, but must be carefully 

selected.  

 



Exeter, Ontario Rain ZDR Bias Nov 15 2020.  

Well defined melting at ~80km range ring on 0.4 deg PPI.  



a) 

Figure 2. a) CASRA estimated ZDR bias over 24 hours done scan by scan. The estimated bias at 

1500Z is about 0.4-0.5 dB for CASRA.  

    b) CASBE estimated ZDR bias over 24 hours done scan by scan. The estimated bias at 

1500Z is about -0.1 dB for CASBE. 

b) 



 Snapshot of Receiver and Overall ZDR Bias Estimates 



        Adjustments made recently (all from 0, based on new test code considering ML):   

                   CASCM = -0.7    CASDR = -0.6    CASLA = -0.8    CASSM = -0.7 





Tools to plot Solar and Rain data ZDR Biases 

Warning “rain” data in this plot is not actual rain: not to be trusted 





Next Steps… 

 Refine the methods and outputs presented here 

 Add additional methods, e.g. Inter-radar matching (in prep) 

 Identify output metrics suitable for populating a system monitoring 

dashboard (i.e. Radar system Quality Assurance – QA) 

 QA includes helping monitor the system with respect to whether data are 

acquired within tolerances required by downstream applications 

 Transfer methods to operations 

 



Questions? 
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Additional Slides 
2021 ZDR bias estimate 
monitoring 





2021 Monthly ZDR bias estimates 










