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A. New Sensors and Technology 
 
A.1  Microwaves in GEO 
 
Frequent observations from geostationary orbit, at time and space scales consistent with 
precipitation, constitute a very important technological capability, for several reasons, e.g.: 
 
- more accurate accumulated precipitation for the needs of operational hydrology; 
- more frequent information on temperature and water vapour in precipitation conditions  
- driving rapid update assimilation for NWP, with benefit for all other outputs from the NWP 

model. 
 
The progress of scientific knowledge on the relationships between microwave-millimetre wave 
radiation and precipitation was noted with great interest, also because these developments are 
consistent with previous recommendations from IPWG (see proceedings of the 2nd Worshop, in 
Monterey 2004, and 3rd Workshop, Melbourne 2006). 
 
It was noted that exploiting microwave-submillimeter wavelengths for precipitation measurements 
will require intensive calibration/validation effort.  The opportunity of flying the demonstration 
mission at a time when the GPM Core observatory is still operational should be exploited.  
 
Recommendation – IPWG considers Geo-MW a continual interest to broader community despite no 
leadership identified. The cost-effectiveness of various antenna technologies (solid vs. synthetic 
aperture) should be continued and the results from IPWG technology group will be reported to 
future CGMS 
 
Recommendation – IPWG technology working group to perform peer-reviews on GEO-MW 
proposal presented to CGMS and provide the comments to BIZZ at next IPWG meeting or as soon 
as possible. 
 
A.2 Frequencies for passive MW radiometers 
 
Progress in passive MW radiometry has been recently achieved with the addition of sounding 
channels in the 54 GHz band (for temperature) and 183 GHz (water vapour), as well a 150 GHz 
window channel, to the basic set of SSM/I channels.  Further improvements are foreseen with the 
passive MW radiometer of the GPM Core observatory and the NASA Constellation satellite, with 
the addition of a 10.8 GHz channel and a sharp improvement of the spatial resolution. 
 
Considering further possible improvements, for instance for the GCOM-W 2 and 3 satellites, the 
value of the 118 GHz band should be explored. This band was studied in the context of EGPM 



(European Contribution to the GPM) and it is shown the differential information between 
corresponding channels 54 GHz and 118 GHz w is of significance for precipitation, especially in 
respect of discriminating liquid from solid. 

 
Recommendation – In respect of planning for future passive MW radiometers, IPWG considers that 
the benefit of the 118 GHz band be explored, either as additional to the couple 54 + 118 GHz, or 
alternative to the 183 GHz band or the 54 GHz band 
 
Action: IPWG undertakes uses of simulated observations of 54 GHz and 118 GHz for quantitative 
retrievals of cloud and precipitation, temperature and water vapour as well as NWP applications in 
storm intensity/track predictions. The benefits of additional 118 GHz in configuration will be 
assessed relative to the legacy system of 50-60 GHz and 183 GHz. (POC: Fuzhong Weng and 
BIZZ/Mugnai)  
 
A.3. Long-term continuity of precipitation radars in space 
 
The progress with consolidating the GPM programme was strongly appreciated.  As regards the 
GPM Core observatory, the cooperative NASA-JAXA undertaking seems secured.  As regards the 
GPM Constellation, the inventory of secured and potential contributions is encouraging. 
 
In respect of long-term perspectives, it was noted that many Constellation satellites are in effect part 
of operational programmes, thus long-term continuity for at least a large fraction of the GPM 
Constellation is secured.  The problem is with the core observatory equipped with dual-frequency 
precipitation radar.  In this context, the plan from China for a series of FY-3 units to carry a dual-
frequency precipitation radar (FY-3RM) was much welcome. 
 
Recommendation – IPWG considers that precipitation radar in space should continue after the 
current TRMM and the future GPM Core observatory, and recommends CGMS to endorse the 
Chinese FY-3RM.  
 
A.4  Improved precipitation radar   
 
Great benefit is expected from the introduction of dual-frequency capability in the GPM Core 
observatory precipitation radar. Extension of precipitation detection to light precipitation and 
snowfall is expected.  Improved characterisation of cloud microphysics will be possible. 
 
The application of the CloudSat Cloud Radar for precipitation and cloud microphysics observation 
has been surprisingly effective.  Consideration of adding a 94 GHz capability to the basic 14 and 35 
GHz should be given although it is understood that a three-band radar complex could become huge, 
expecially if imaging capability at 90 GHz also is requested. 
 
Another potential improvement of great interest would be the Doppler capability.  Information on 
vertical velocity would help precipitation retrieval since it is obviously correlated to precipitation.  
In addition, is would be an extremely important information for NWP.  It is understood that adding 
Doppler capability, although not as challenging as adding the 94 GHz capability, is still rather 
challenging for a fast-mobile platform.  Trade-off with sensitivity and swath width would arise. 
 
Dual polarisation could help with liquid/solid precipitation discrimination and cloud microphysics 
characterisation.  In this case also, it is understood that challenges would arise in respect of 
sensitivity (that would need to be substantially improved) and consequently achievable swath. 
 



Recommendation – Various possibilities for improving future precipitation radars should be 
considered, and their cost-effectiveness assessed. 
 
A.5 Lightning mapping 
 
IPWG was pleased to note that lightning mappers are foreseen for a number of future geostationary 
satellites (at least GOES-R, Meteosat Third Generation, FY-4).  This is entirely appropriate since, 
obviously, convection monitoring requires all-time monitoring and real-time data access.  A 
concern was expressed on the lack of methods to exploit at best lightning information for improving 
precipitation retrieval and, in general, to make quantitative use of lightning information. 
 
It was noted that no lighting mapper is currently foreseen on the GPM Core observatory to provide 
continuity to the TRMM LIS.  Although the observing cycle from a low-orbiting satellite is not 
attractive, the synergy with the precipitation radar and the passive MW radiometer could be 
exploited in a unique environment.  To be noted that a lightning mapper in LEO can have much 
better spatial resolution and sensitivity than in GEO, thus serve as a “calibrator”. 
 
Apart from synergy with radar, lightning mapping could be useful also if simply associated to 
passive MW radiometry. The planned Brazilian contribution to the GPM Constellation includes a 
lightning mapper alongside the MW radiometer. 
 
Recommendation – Intensify studies aiming at improving quantitative use of lightning information 
from geostationary satellite with other information, specifically in support of precipitation retrieval. 
 
Action: IPWG encourages an independent study to understand the linkage between lightning 
information and precipitation 
 
B. Data Assimilation in Precipitation Conditions 
 
B.1. Direct Assimilation of Rain-affected Radiances 
 
Satellites provide over 90 % of the data ingested by today’s state of the art NWP models, although 
the utilized satellite data is only a small fraction of that available.  Many data are excluded by a 
thinning process that attempts to make the numbers more manageable for timely processing and to 
remove possibly horizontally correlated errors. Others are excluded because they are suspected of 
being cloud- or rain-affected, which renders their quantitative interpretations (e.g., retrievals of 
atmospheric temperature profiles) more prone to error. These latter observations naturally contain 
some information about the clouds and precipitation present. Better use of their content requires 
estimating some properties of any clouds and precipitation affecting the local radiative transfer.  
 
Recommendation – IPWG encourages studies to intercompare the approaches used at different 
NWP centers for assimilation of cloudy and rain-affected radiances, and to identify the best 
practices in areas of radiative transfer modeling, cloud and rain screening procedures, and tangent 
linear and adjoint schemes of cloud and moisture physics. 
 
Action:  Exchange of visitors between JCSDA, Metoffice and ECMWF (POC: Allan Geer and 
Fuzhong Weng)   
 
B.2 Precipitation Products Assimilation  
 



Precipitation estimated from radar data or derived from IR and MW satellite radiances has been 
assimilated in some operational or research models for many years. The assimilation techniques 
began with empirical nudging and more recently have evolved towards optimal estimation theory. 
Variational techniques, including both 3 and 4 dimensional schemes, are currently employed 
operationally at a few centers.  Success according to some measures has been sufficient to continue 
the operational practice. Forecast improvements thus far have been generally limited to the first day, 
and for some systems to only the first 6 hours.   
 
Recommendations: IPWG encourages studies to understand impacts of assimilation of precipitation 
products in various space and time scales and exchanging information on moisture physics used in 
variation analysis.   
 
Action: Conduct the 4D-Var assimilation tests in assimilating precipitation products, and report to 
the next IPWG (POC: JMA ?? Hisaki Eito)  
 
C. Need for Precipitation Climate Data Record Generation  
 
C.1 Microwave Imager Data Preservation  
  
 
To create high quality climate data records of precipitation and related hydrological fields a well 
documented and transparent process is necessary starting from the original counts recorded by the 
sensor to the subsequent calibration of the brightness temperature data (i.e. level 1B) and ultimately 
to the calculation of geophysical parameters (level 2). As the lesson of the MSU temperature record 
has previously established, such transparency is critical in order to ensure the highest quality 
datasets for climate applications. This not only allows the science community to verify and/or 
identify problems or deficiencies in the aforementioned climate data records, but enables the 
reprocessing of these records as additional data becomes available and/or improved techniques or 
algorithms are developed. Based on previous experience with SSM/I in particular, two critical 
aspects have been identified that need to be addressed. First, it is imperative that the responsible 
space agencies fully document the characteristics of the instrument and archive the raw counts or 
equivalent data along with all of the relevant sensor and spacecraft information. This includes, but 
is not limited to hot and cold load calibration targets, thermister temperature data, spacecraft 
ephemeris and pointing information etc. Ideally, this would involve orbitized level 1 data granules 
in a self-describing format containing the original count data along with all of the information 
necessary to compute the antenna temperature, latitude, longitude, and view angle for each pixel, as 
well as any other information that might be used for precise calibration of the sensor data. The 
second aspect involves completely documenting the entire processing stream involved with the 
computation of the climate data records. This aspect includes, but is not limited to, the calculation 
of brightness temperatures, geolocation information, corrections to the data to account for issues 
such as an emmisive antenna or intrusions into the feedhorn, intercalibration between sensors, and 
the algorithms applied to compute geophysical parameters. 
 
Action: 1) Support the timely development of a prototype level 1A dataset from TRMM TMI data 
as an example for satellite providers. 2) Convey to CGMS the importance for satellite providers to 
properly document and archive the level 1 data as specified above. This should also be coordinated 
with ITWG and GCIS. 3) Encourage a level of transparency in the creation of climate data records 
that allows for future reprocessing incorporating new approaches. 
 
Recommendation – CGMS authorizes IPWG technology group to develop a  standard archival 
procedure for metadata such as  antenna pattern correction. Encourage space agencies to follow the 



archival procedure so as to give a level of transparency in the creation of climate data records that 
allows for future reprocessing incorporating new approaches. 
 
Action:  Maks available TRMM TMI level 1A ATBD to all the space agencies (POC: Wes Berg) 
 
D. Frequency Protection Issues 
 
Recommendation – IPWG coordinate with ITWG on protecting all the needed microwave 
radiometers.  All space agencies designing sensors should strive towards engineering solutions 
which detect and reduce the effects of radio interference. Where user requirements can be met using 
protected frequencies, these frequencies should be used. In such cases, bands used should not 
extend beyond such protected regions of the spectrum. 
 
 
 


