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• Trend in passive microwave sensor capabilities towards more 

hyperspectral sensors, hybrids with imaging and sounding 

channels 

• To take advantage, shift from separate algorithms for imagers 

and sounders to a more combined approach 

(Image from Frank Wentz) 



• The GPM constellation has 

a variety of sensor types 

• Precipitation retrievals 

improve when given more 

information and constraints  

• Uncertainty in global 

precipitation estimates 

closely tied to PMW 

retrievals 

(Image from pmm.nasa.gov) 

Hilburn and Wentz (2008) 



The Idea: Use the strengths of two vetted microwave retrievals—

GPROF and MiRS— to improve rainfall estimation in a way useful in 

the GPM era 

 MiRS is the operational NOAA retrieval for all sounders 

(though it can be run for imagers as well) 

 GPROF is the operational rainfall retrieval for all GPM 

constellation members, using imager channels 

The Theory: Both retrievals are underpinned by similar mathematics 

but applied in different ways 

 MiRS runs a massive optimal estimation (or 1D variational) 

inversion, with ~500 variables simultaneously retrieved, using 

NOAA’s CRTM as the forward model 

 GPROF calculates Bayesian weights of rain rates from an a 

priori database stratified by environmental parameters 

 Figure out how to leverage optimal estimation framework and 

the strengths of both algorithms to better constrain precip 

retrieval 



Comparison study using SSMIS F18 

 Before modifications are made to the algorithms, a 

comprehensive comparison is done to provide a 

control experiment.  

 Focus on SSMIS because both algorithms are run for 

it operationally and it contains imager and sounder 

channels. 

 Comparison of retrieved precipitation is most 

important, but so are path variables as they are tied to 

rain rates in both algorithms. 

 A case study will be performed and analyzed for 

specific causes of biases, ideally with a coincident 

GPM/DPR overpass as a reference.  



Modify the MiRS 1DVAR 

 Hydrometeor profiles from the GPROF 

database can be used with MiRS covariance 

generation code, keeping other variables’ 

covariances the same.  

 With the goal of retrieving rain rates in the 

MiRS in mind, this should make MiRS and 

GPROF more consistent. 

 This essentially assumes that the model-

derived covariances and background states in 

the MiRS 1DVAR could be improved, as 

model biases will lead to retrieval biases. 

(Image from Boukabara et al. 2011) 



Towards retrieving rainfall in MiRS 

 In contrast to the empirical rain rate calculation in 

MiRS, develop a physically-based approach to 

retrieve rainfall. 

 Employ a dynamic LWP threshold for cloud/rain 

partitioning and use MiRS geophysical output as part 

of the Bayesian weighting in the GPROF database. 

 The exact method employed will be flexibly 

determined, depending on earlier results. 

 The method may not work for all sensors, depending 

on what channels are available.  
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Improve GPROF 2014 with MiRS 

 Further constraining GPROF with environmental knowledge from the 

MiRS retrieval, could especially improve land and frozen precipitation 

retrievals 

 For instance, stratify GPROF database by stability classifications 

derived from MiRS’s profiles of temperature and moisture 

 Since the AMSR2 ocean suite retrieval (developed at CSU) already 

uses an optimal estimation framework, leverage this alongside MiRS 

output to better execute Bayesian weighting 


