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Motivation 
“To investigate a practical strategy for storm 
classification and consequent estimation of 
radar rainfall in real-time”.

Investigate method for estimation climatological
Z-R parameters of  convective/stratiform rainfall.

Investigate an hourly radar rainfall estimation 
approach that accounts for the effect of storm 
types.
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Application to:  - Kurnell, Sydney

254 hourly rain gauges 

C-band Kurnell radar
10-minute , 1 km 2

resolution

Analysis periods from 
Phase 1: Nov 00 – Apr  01
Phase 2: Feb  07 – Mar 07



Instantaneous pixel classification

Apply Steiner et al.(1995) 
storm  classification method to 
use for separation of 
instantaneous reflectivity of 
each pixel into convective or 
stratiform components

Revise the classification 
criteria to be suitable for 
instantaneous reflectivity of 
the Kurnell radar

convective
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Parameter for pixel classification 
(after Steiner et al., 1995 )

convective radius
Background radius

11 km

� convective centre
� background radius
� convective radius
� minimum convective

threshold*
� maximum stratiform

threshold*

* = proposed additional classification parameter

x



Classification results: calibration

Using modified 
Parameters based on 
Steiner et al. (1995)

Using modified 
pixel based 
classification
approach



Classification results: verification

Using modified 
Parameters based on 
Steiner et al. (1995)

Using modified 
pixel based 
classification
approach



Verification using VPR 
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Calibration:   20 Apr 01 at 14:35 UTC

Verification1: 30 Jan 01 at 12:25 UTC 

Verification2: 10 Feb 07 at 18:35 UTC

(a) Stratiform
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Calibration:   20 Apr 01 at 14:35 UTC

Verification1: 30 Jan 01 at 12:25 UTC 

Verification2: 10 Feb 07 at 18:35 UTC

(b) Convective



How can we validate the 
classification method if there is 
no volume scan data available?



“ For the same rainfall characteristics, the 
PDFs of convective and stratiform gauge 
rainfall for the calibration and verification 
rainfall periods used should be consistent and 
reflective of the difference in the mechanisms 
that lead to each ”.

Validation of storm classification using 
hourly rain gauge observations 



PDFs of convective and stratiform for 
the calibration period
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PDFs of convective and stratiform for 
the verification period
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. Calibration   Sep 00 - Apr 01

Verification Feb 07 - Mar 07

 (a) Stratiform
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. Calibration  Sep 00 - Apr 01

Verification Feb 07 - Mar 07

 (b) Convective



Derivation of Z-R relations for convective and 
stratiform rainfall

One-hour convective/stratiform
period of each radar pixel

If one-hour convective or stratiform
Period of a pixel > 36 mins, classify 
that pixel as convective or stratiform
else mixed classification. 

Calibrate with hourly raingauge
data to form climatologoical Z-R 
for convective/stratiform



Z-R parameters for convective and 
Stratiform rainfall 

14072Strom classification

103No-classification 

Convective Stratiform

“A ” Parameter

Calibration strategies

Fix exponent b =  “1.5”



A test of an effectiveness of the storm 
classification method (Calibration)

15,6634.824.634.3072/140*All pixels

2,1178.298.077.80140
Convective

pixels

8,9863.202.682.5972
Stratiform

pixels

Z-R
pairs

Conditional 
Mean rain 

gauge 
rainfall**
(mm h-1)

RMSE
using 

climatological
Z-R

(Z = 103R1.5)
(mm h-1)

RMSE
using Z-R

relations for 
convective or 

stratiform
(mm h-1)

“A”
Parameter

* Stratiform Z = 72R1.5; Convective Z = 140R1.5



A test of an effectiveness of the storm 
classification method (Verification)

4,8285.535.315.0172/140*All pixels

9189.018.027.67140
Convective

pixels

2,2713.493.133.0272
Stratiform

pixels

Z-R
pairs

Conditional 
Mean rain 

gauge 
rainfall**
(mm h-1)

RMSE
using 

climatological
Z-R

(Z = 103R1.5)
(mm h-1)

RMSE
using Z-R

relations for 
convective or 

stratiform
(mm h-1)

“A”
Parameter

* Stratiform Z = 72R1.5; Convective Z = 140R1.5



Conclusions

Stratiform Z = 72R1.5

Convective  Z = 140R1.5

Mixed classification Z = 103R1.5

PDFs for the resulting convective and stratiform rainfall 
estimates are significantly different to each other, with
the former exhibiting higher variability and mean than 
the latter.



Conclusions

In cases where 3D volume scan data are not available,it is 
possible to verify the convective-stratiform classification
scheme based on gauge rainfall measurements.

Use of separate Z-R relations for each rainfall type  
improves the accuracy of resulting estimates by 7.13%
for the calibration and 5.65% for the validation.
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