
CONVECTIVE/STRATIFORM CLASSIFICATION FROM PASSIVE MICROWAVE OBSERVATIONS: 
 DEVELOPING THE PMW-CLASS ALGORITHM AND PERFORMANCE EVALUATION  

Svetla Hristova-Veleva1, Eun-Kyoung Seo2 , Ousman Sy1 and Ziad Haddad1 

1 UCLA/JIFRESSE/JPL, Pasadena, CA 91109                                                                                                                                           
2 Kongju National University, (Korean Meteorological Society)  

Motivation 
 
 

GOAL Objective 
To provide environmental context and temporal continuity for the field campaign observations to help:  - mission planning 

 - understanding of the physical processes  - improving models through validation and data assimilation, using both satellite and airborne data 
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•  Physically-based retrievals are critically dependent on the assumptions that went into 
building the retrieval database (the relationship between the observables and the 
parameters of interest). 

•  The critical assumptions that affect rain retrievals from microwave observations vary 
significantly as a function of the rain type (convective versus stratiform) 

•  Convective and stratiform regions 
are characterized by different  
•  dynamics 
•  microphysical processes and 
•   spatial variability. 

 
•  Advancement in satellite retrieval 

of precipitation cannot be achieved 
without : 
– properly capturing the 

convective/stratiform variability 
in the retrieval databases  

– detecting it during the retrievals.  

Outline of the approach: 
1.  Use model simulations: i) WRF simulation of super typhoon Muifa;  ii) Use instrument 

simulators to compute passive microwave brightness temperatures and radar reflectivity 
2.  At the model scale: 

A.  Perform convective/stratiform classification based on the simulated clouds, the storm 
vertical velocity and the simulated radar reflectivity 

B.  Compute the Rain Indicator (RI) using the simulated brightness temperatures (TB) 
C.  Relate the convective/stratiform separation to the simulated TB and Rain Indicator 

The Goal here is .. 
to develop a passive microwave algorithm for rain detection and convective/stratiform 
rain type classification for use in both database development and during the retrieval.   

In our previous work (Hristova-Veleva et al., 2013) 

 

 
  
 

•  We developed a new passive microwave rain retrieval algorithm built around these ideas.   
•  The novelty of the algorithm is in using: i) a number of different retrieval databases, and ii) 

a method to select the database that is most appropriate for a particular observational 
scene based on the value and variability of a specially developed Rain Indicator.  

Components " Initial performance compared to "
the “truth” from the model"

How to define the “true” classification?" More Versions and more comparisons"
Statistical Approach"
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3.  At the scale of the passive microwave 
instruments: 
A.  Perform antenna convolution to compute 

the brightness temperatures at the 
resolution of the satellite observations 

B.  Compute the Rain Indicator from the 
convolved brightness temperatures 

C.  Compute convective & stratiform 
fractions in 16x16km areas 

4.  Relate the satellite-scale RI to the 
corresponding convective/stratiform 
fractions 

5.  Evaluate the performance using 
collocated PR and TMI observations 

Emission,	  Sca,ering,	  the	  Rain	  Indicator	  and	  its	  spa6al	  variability	  
–	  a	  mul6-‐channel	  depic6on	  of	  the	  storm	  structure	  

Hristova-Veleva et al., 2013: “Revealing the Winds Under the Rain. Part I. Passive Microwave Rain Retrievals Using a New, Observations-Based, Parameterization of 
Sub-Satellite Rain Variability and Intensity: Algorithm Description”, 2013, JAMC 52, 2828–284 

Standard	  Devia,on	  of	  the	  RI	  computed	  from	  7x7	  regions	  around	  each	  point.	  	  	  Top	  panel	  shows	  the	  characteris,cs	  in	  the	  
“true”	  	  	  	  	  convec,ve	  region	  (from	  the	  model-‐based	  classifica,on)	  while	  the	  boEom	  panels	  shows	  the	  same	  for	  the	  stra,f
orm	  region.	  	  	  The	  two	  insets	  show	  the	  rela,onship	  between	  RI	  and	  the	  STD	  for	  each	  of	  the	  two	  regions.	  	  

A	  map	  of	  the	  emission	  signal	  as	  captured	  by	  a	  linear	  c
ombina6on	  of	  the	  37	  GHz	  H	  and	  V	  pol	  simulated	  brig
htness	  temperatures	  from	  a	  WRF	  simula6on	  of	  hurric
ane	  Muifa.	  

Earl, 2010 

Advantages	  of	  Using	  the	  Rain	  Indicator	  over	  single	  
passive	  microwave	  channels	  
•  combines	  the	  emission	  and	  scaEering	  signals	  

from	  the	  mul6-‐channel	  informa6on	  to	  present	  a	  
cohesive	  depic6on	  of	  the	  rain	  and	  the	  graupel	  
above,	  covering	  the	  precipita,on	  spectrum	  

•  Uses	  polariza,on	  difference.	  Hence,	  it	  is	  less	  
affected	  by	  calibra6on	  accuracy.	  	  

Rain Indicator from TBs at  
Model resolution	


Rain Indicator from TBs at  
Satellite resolution	


Model Scale:  
Classified based on  
Model parameters  	


Satellite Scale:  
Classified by the fraction in  
16x16km area (non-linear average)    

Convective Stratiform Mixed No rain 
R
I 

RI > 4.0 
Or (0.25<RI<1.0 and ratio>1.6 and STD<0.8 and Ω> 1) 
Or (1.00<RI<2.0 and ratio>1.0 and STD>1.2) 
Or (2.00<RI<3.5 and ((ratio>1.0 and STD>1.0) or STD>1.5 ) 
Or (3.50<RI<4.5 and ratio>0.8 and STD>0.5 and RIemiss>0.7) 
Or (RI>4.5 and ratio>1.0 and STD>1.5 and RIemiss>0.75) 

0.0< RI  
AND Ω >= 4. 
AND Non-convective 

0.65 < RI < 0.9 
AND 
non-convective 

RI < 0.05 or    
(Ω < 4. and 
RI < 0.65 ) 
 

Satellite Scale: 
Classified by the RI    

Initial performance "
compared to "
the “truth” from PR"

PR-based PMW-based 
PR-based 

PMW-based 

2.4% 

4.8% 

92.8% 

2.6% 

4.9% 

92.5% 

Hurricane Earl; 2010-08-29 

Collocation PR-TMI:  
around every TMI footprint, find  
•  the closest PR footprints and  
•  the neighbouring nxn PR footprints  

For every class 
of rain 
Collect 
neighbouring 3x3 
Z profiles 

Generally good correspondence in: 
-  Location of convective/stratiform 
-  CFADs 
-  Percentage for each region 

-  Linear discriminant analysis (LDA) is used 
to find a linear combination of features 
(variables/predictors) which characterizes or 
separates two or more classes of objects or 
events..  

-  LDA is a type of principal component 
analysis that seeks to reduce dimensionality 
while preserving as much of the class 
discriminatory information as possible.  

-  Therefore, we are looking for a projection 
where examples from the same class are 
projected very close to each other and, at the 
same time, the projected means are as farther 
apart as possible. 

-  Our research has suggested that we can combine   
the observed TBs  to form several indices that carry 
significant information regarding the existence and  
the type of precipitation.  

-  Here we use the LDA to optimize the threshold valu-
es for a number of components of the Rain Index    
and it’s spatial variability.   

-  We use all these components to form the discrimi-  
nant function in the LDA context. 

The distribution of the discriminant function 
for two different classes – the clear air 
(black) and the convective regions (red). 
The gray dashed line suggests how a 
threshold value of 20 could be used to 
optimally separate the two regions  

Performance of the LDA version 
(v26) of the PMW_CLASS 
algorithm as compared to the 
“truth” (determined from the 
model fields, in the first row) and 
to the performance of v23 (in the 
second row).  The comparison is 
done in terms of the 2D maps 
(first column) and mean profiles 
of vertical velocity (second 
column), cloud liquid water (third 
column) and cloud ice (fourth 
column).  The convective regions 
are marked in red, the stratifrom 
are in green, the mixed are in blue 
and the clear are in black.  

Performance of the new 
algorithm (v26) and 
evaluation by comparison    
to the “truth” and to the 
performance of v23 (the 
more desirable of the two 
previous versions).  
 
The results are very 
encouraging.  The 
comparison of the vertical 
profiles for each of the    
three classes shows an 
improvement with respect  
to the “truth”.   
 
This is illustrated by the 
double-sided arrows 
(color-coded by the 
precipitation class) which 
are always shorter for v26 
as compared to those for 
v23, meaning that the v26 
profiles are closer to the 
truth.  

Long-term "
Statistics"
(June, 2010)"

PR2 

PR3 

PMW_CLASS 
V23 

PMW_CLASS 
V26 - LDA 

Versus PR 

Probability of Rain Probability of Mix|Rain 

Probability of Str|Rain Probability of Conv|Rain 


