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Caveats for the COmbined Radar-Radiometer Algorithm (CORRA) Level 
2 Products in the GPM V06 and TRMM V08 Public Releases 

The COmbined Radar-Radiometer Algorithm (CORRA) L2 V06 product includes 
precipitation estimates over the broader, NS (Ku+GMI) swath as well as estimates 
over the narrower, MS (Ku+Ka+GMI) swath.  The input of the GPM CORRA L2 
algorithm is derived from DPR L2 and GMI L1 products.  In particular, the GPM L2 
algorithm depends upon inputs from the DPR L2 Preparation Module, Classification 
Module, Surface Reference Technique Module, and the Vertical Structure Module.  
From GMI L1, the GPM L2 algorithm utilizes the intercalibrated brightness 
temperature observations.   CORRA output was recently extended to include TRMM 
combined products that are derived from a combination of precipitation radar (PR) 
and TRMM microwave imager (TMI) data, using the same estimation method that is 
applied to GPM.  These L2 products are designated TRMM CORRA V08, and only NS 
mode (Ku+TMI) estimates are available, since no Ka band radar data are available 
from TRMM.    

During the early GPM mission (prior to June 2014) many tests and modifications of 
the DPR performance were carried out, and these had an impact on not only DPR 
products but also the GPM CORRA L2 estimates that depend on them.  Therefore, GPM 
CORRA L2 precipitation estimates from the early mission should be used with caution.  
A listing of the orbits impacted by these tests and modifications can be obtained from 
the GPM Radar Team. 

Mainlobe and sidelobe clutter contamination of DPR reflectivities is reduced 

using radar beam reshaping and statistical corrections.  The combination of 
these applications reduces clutter successfully over most surfaces, but there are still 
“exceptional” regions where clutter signatures are still evident.   Also, ice-covered 
land surfaces produce Ku-band radar surface cross-sections at nadir view that 
sometime exceed the upper limit of the radar receiver range.  Estimates of Ku-band 
path-integrated attenuation from the Surface Reference Technique Module are 
possibly biased in these regions.  Since radar reflectivities and path-integrated 
attenuations are utilized by the CORRA L2 algorithm, precipitation estimates in these 
“exceptional” regions should be used with caution. 

The current GPM CORRA L2 algorithm uses the Ku-band radar reflectivities from the 
Preparation Module to detect either liquid- or ice-phase precipitation.  The lowest 
detectable reflectivity for DPR at Ku band is ~13 dBZ, and so light snow or very light 
rainfall may not be detected and quantified by the algorithm.  The TRMM PR radar has 
a minimum detectable signal of ~18 dBZ, and so even more light snow and rainfall 
may not be quantified by TRMM CORRA V08. 



In addition to the impact of input data from DPR L2, there are uncertainties due to the 
current limitations of the CORRA L2 algorithm’s physical models and other 
assumptions that also have an impact on precipitation estimates.  In particular, the 
physical models for scattering by ice-phase precipitation particles now feature 
realistic nonspherical particle geometries, but these particle models are still 
undergoing development. The scattering models for ice- and mixed-phase 
precipitation will likely be improved in future product releases.  Also, the effects of 
radar footprint non-uniform beamfilling and multiple scattering of transmitted power 
are addressed in CORRA L2, but the mitigating strategies are not yet generalized and 
have not been analyzed in detail.  Multiple scattering primarily affects Ka-band 
reflectivities, and it sometimes eliminates earth surface reflection in regions of strong 
radar attenuation, while footprint non-uniform beamfilling impacts the interpretation 
of both Ku- and Ka-band radar data.  As a consequence, both NS and MS mode 
precipitation estimates associated with intense convection, in particular, should be 
treated with caution.  Finally, the assumed a priori statistics of precipitation particle 
size distributions can have an influence on estimated precipitation.  As particle size 
distribution data are collected during the mission, more appropriate assumptions 
regarding the a priori statistics of particle sizes will be specified in the algorithm.  At 
this stage of the mission, however, relatively simple assumptions regarding particle 
size distributions have been introduced into the algorithm, and so biases in estimated 
precipitation and underlying particle size distributions can occur.   
 
It should also be noted that both precipitation estimates and retrievals of 
environmental parameters from CORRA L2 have not yet been comprehensively 
validated using ground observations.  Such a validation effort is under way and will 
continue after the GPM V06 and TRMM V08 releases of CORRA L2 products.  
Therefore, it is very important that users of the public release product keep in contact 
with the Combined Algorithm Team for updates on the validation of precipitation 
estimates and any reprocessing’s of CORRA L2 products. 
 
Preliminary validation of the GPM CORRA L2 V06 product has revealed good 
consistency between estimated surface precipitation rate and raingauge-calibrated 
radar, with correlations ~0.86 between 0.5 degree-resolution instantaneous 
estimates of surface precipitation rate and gauge-calibrated radar (Multi-Radar Multi-
Sensor [MRMS] product) over the continental US and coastal waters. Overall, there is 
a low bias of NS and MS mode rain rates on the order of a few percent.  Zonal mean 
precipitation rates agree well with zonal mean precipitation rates from the Global 
Precipitation Climatology Project (GPCP) product within the 40 oS to 40 oN latitude 
band. Estimated zonal means at higher latitudes are underestimated relative to GPCP, 
due in part to the limited sensitivity of the DPR radar to light snow and drizzle. In the 
global mean, NS and MS mode estimates differ by less than 3%.   Although there is 
good agreement and consistency of large-scale mean precipitation estimates between 
40 oS and 40 oN, regional and seasonal means exhibit biases that are the subject of 
current investigations.   
 



The TRMM CORRA V08 algorithm precipitation rate estimates compare well with the 
GPM CORRA V06.  However, there is an overall low bias of approximately 3% based 
upon matched TRMM and GPM footprints.  This difference is mostly attributable to 
the lower sensitivity of the TRMM PR radar (minimum detectable signal of 18 dBZ) 
relative to the GPM DPR Ku radar (13 dBZ).  Independent studies have shown that this 
difference in sensitivity results in a TRMM low bias of about 2%; see Hamada and 
Takayabu (2016). 
 
Finally, it has been noted that very infrequently, relatively intense stratiform rains  
(> 20 mm h-1) have been generated by the algorithm.  However, CORRA uses the 
Radar Team’s convective/stratiform classification and outputs this classification 
without alteration; only the rain intensity is estimated, and that is a function of radar 
and radiometer precipitation signals as well as the classification.  Therefore, although 
some misclassification is possible, any future alteration of the classification will be 
made by the Radar Team. 
 
There could potentially be significant changes in the CORRA L2 rain rate products in 
the transition from GPM V06 to V07 (or TRMM V08 to V09) due to possible tuning of 
the DPR radar calibration as well as adjustments and improvements of the CORRA 
algorithm.  Since the GPM V06 and TRMM V08 share the same software “core”, future 
changes in CORRA should apply to both GPM and TRMM.  Again, the users of the GPM 
V06 and TRMM V08 public release products should keep in contact with the 
Combined Algorithm Team for information regarding these changes. 
 
  



GPM CORRA L2 V05 to V06 Changes, and TRMM CORRA V08 
 
Only a few modifications have been made to the GPM CORRA L2 algorithm in the 
transition from V05 to V06.  Overall, the basic algorithm mechanics (i.e., estimation 
methodology) has not changed, and the same mechanics have been applied in TRMM 
V08.  The estimation method filters ensembles of DPR Ku reflectivity-consistent 
precipitation profiles using the DPR Ka reflectivities, path integrated attenuations and 
attenuated surface radar cross-sections at Ku and Ka bands, and GMI radiances.  The 
filtered profile ensembles are consistent with all of the observations and their 
uncertainties, and the mean of the filtered ensemble gives the best estimate of the 
precipitation profile.  The TRMM CORRA V08 algorithm filters PR Ku reflectivity-
based precipitation profile estimates using path integrated attenuations and 
attenuated surface radar cross-sections at Ku band, as well as TMI radiances.   The 
TRMM V08 algorithm has the same output variables and file structure as GPM V06 in 
NS mode, and these are defined in the same way in CMB V05 NS mode.   
 
Probably the most significant change in CORRA for both GPM and TRMM applications 
involves the transition from single-wavelength Surface Reference Technique (SRT) 
path-integrated attenuation (PIA) input to hybrid PIA input.   The surface reference 
technique can only be used reliably to estimate precipitation PIA if the backscatter 
properties of the earth’s surface are relatively homogeneous in the vicinity of a 
precipitation-affected radar footprint; see Meneghini et al. (2015).  If surface 
properties vary locally, as in the situation where a calm ocean surface is surrounded 
by more nominal waviness, then reference estimates of surface normalized radar 
cross section will not be representative.  In this particular case, path-integrated 
attenuation will be overestimated because the local surface backscatter will be less 
than the surrounding.  The hybrid PIA is an optimal blend of the SRT PIA and a 
surface-independent, Hitschfeld-Bordan PIA (see Iguchi et al. 2000), based on 
nominal drop-size distribution assumptions.  The weighting of the blend is a function 
of the relative uncertainty of the SRT and Hitschfeld-Bordan PIA, and the resulting 
hybrid PIA counters extreme SRT PIA values or highly uncertain values if the surface 
backscatter is strongly varying.  The hybrid PIA is substituted for the SRT PIA in GPM 
V06 and TRMM V08 for single radar wavelength + microwave radiometer applications. 
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