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ABSTRACT  
 

The Day-1 algorithm for computing combined precipitation estimates in GPM is the 
Integrated Multi-satellitE Retrievals for GPM (IMERG).  We plan for the period of record to 
encompass both the TRMM and GPM eras, and the coverage to extend to fully global as 
experience is gained in the difficult high-latitude environment.  IMERG is being developed 
as a unified U.S. algorithm that takes advantage of strengths in the three groups that are 
contributing expertise: 
• Kalman Filter CMORPH (lagrangian time interpolation) – NOAA 
• PERSIANN with Cloud Classification System (IR) – U.C. Irvine 
• TMPA (inter-satellite calibration, gauge combination) – NASA 
 
In this talk we summarize the major building blocks, important design issues driven by user 
needs and practical data issues, status at the time of IPWG6, and the processing scenario 
in the transition from TRMM to GPM.   
 
 
1. INTRODUCTION  
 
A relatively rich collection of precipitation-relevant satellite data, as well as surface 
precipitation gauge data, is available to make precipitation estimates over the entire globe 
for more than a decade.  Experience shows that many non-expert (and even expert) users 
want to use a data product that combines as many of these inputs as practical into a single, 
uniformly gridded field with minimal missing data.  This so-called “high resolution 
precipitation product” approach emphasizes creating the best precipitation field at each 
time step, accepting some inhomogeneity in inputs.  [This is in contrast to the Climate Data 
Record, which prioritizes homogeneity at the expense of accuracy for individual data 
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fields.] 
 
The Day-1 algorithm for computing combined precipitation estimates in GPM is the 
Integrated Multi-satellitE Retrievals for GPM (IMERG).  We plan for the period of record to 
encompass both the TRMM and GPM eras, and the coverage to extend to fully global as 
experience is gained in the difficult high-latitude environment.  IMERG is being developed 
as a unified U.S. algorithm that takes advantage of strengths in the three groups that are 
contributing expertise: 
1) the CPC Morphing algorithm with Kalman Filtering (KF-CMORPH), which provides 

quality-weighted time interpolation of precipitation patterns following cloud motion;  
2) the Precipitation Estimation from Remotely Sensed Information using Artificial Neural 

Networks using a Cloud Classification System (PERSIANN-CCS), which provides a 
neural-network-based scheme for generating microwave-calibrated precipitation 
estimates from geosynchronous infrared brightness temperatures; and 

3) the TRMM Multi-satellite Precipitation Analysis (TMPA), which addresses inter-satellite 
calibration of precipitation estimates and monthly scale combination of satellite and 
gauge analyses; 

all of which have received NASA Precipitation Measurement Missions (PMM) support. 
 
 
2. IMERG DESIGN 
 
A complete description of the IMERG design is provided in the Algorithm Theoretical Basis 
Document (ATBD; Huffman 2012), so this paper is a very condensed summary. 
 
The requirements for IMERG are displayed in Table 1.  To the extent possible, these 
requirements have been established to respond to user needs and lessons learned in 
developing the predecessor data sets.  For example, the multiple runs respond to different 
users’ needs for timeliness, and continue the concepts pioneered in the TMPA.  The 
current plan is to produce three “runs” whose names are adopted from long-standing U.S. 
National Weather Service analysis identifiers: 
 
Early – a first approximation for flood and now-casting users.  Current input data latencies 
at the PMM Precipitation Processing System (PPS) support a delay of about 4 hours.  We 
recognize that this will not serve truly operational users, whose requirement is usually 
“under 3 hours,” but PPS is not configured as an operational center. 
 
Late – a complete multi-satellite analysis for crop, flood, and drought analysis.  The 
expected delay is 12-18 hours to ensure reception of microwave data for backward 
propagation in the morphing scheme. 
 
Final – a complete satellite-gauge analysis for research users.  The driver is the 
precipitation gauge analysis schedule from the Global Precipitation Climatology Centre 
(GPCC), which delivers analyses about 2 months after the month. 
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Another user requirement is that all these runs must be reprocessed as new IMERG 
versions are introduced.  Following the example of the TMPA, we plan to reprocess the 
“real-time” Early and Late runs on the “production” machine that computes the Final run.  
This means that the reprocessed Early and Late might use data that arrived too late to be 
used the first time the products were computed. 
 
The block diagram for IMERG processing is shown in Fig. 1, where “RT” denotes the Early 
and Late runs, and “Post-RT” denotes the Final run.  The package will be an integrated 
system, with the goal of a single code system appropriate for all three. 
 
The output files for all of the runs will be in Hierarchical Data Format 5 (HDF5).  Each will  
provide the half-hourly fields shown in Table 2.  The Final run will also produce monthly 
files with the fields shown at the bottom of Table 2.  For each, the newest of the fields is the 
last, currently styled as Probability of Liquid Precipitation Phase. 
 
 
3. IMPLEMENTATION 
 
“Baseline” Version 2 code was delivered in November 2011, followed by “launch-ready” 
code in November 2012.  The code will be frozen in June 2013 for operational testing 
preparatory to launch scheduled for early 2014.  The at-launch IMERG will be computed 
with TRMM-based coefficients.  Then about 6 months after launch it expected that GPM 
will be accepted as operational.  At that time all algorithms will be reprocessed and 
IMERGE will be run on GPM-based input and GPM calibrations for the TRMM-era data.  
There is a contingency plan for legacy TMPA and Day-1 IMERG should TRMM end before 
GPM becomes fully operational: we will institute climatological calibration coefficients and 
continue running. 
 
 
4. FUTURE 
 
Beyond bringing up the Day-1 IMERG, an enormous number of opportunities exist for 
improving and extending the product.  Examples include incorporating future high-quality 
estimates in snowy/icy regions, using sub-monthly precipitation gauge data, addressing 
orographic enhancement, better morphing, and error estimation. 
 
 
5. REFERENCES 
 
Huffman, G.J., 2012:  Algorithm Theoretical Basis Document (ATBD) Version 3.0 for the 

NASA Global Precipitation Measurement (GPM) Integrated Multi-satellitE Retrievals for 
GPM (I-MERG).  GPM Project, Greenbelt, MD, 29 pp.  [previous version available at 
http://pmm-dev.pps.eosdis.nasa.gov/sites/default/files/document_files/IMERG_ATBD_V 
2.0.doc] 
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Table 1.  Notional requirements for IMERG.  [after ATBD Table 2] 

Resolution 0.1° [i.e., roughly the resolution of microwave estimates] 
Time interval 30 min. [i.e., the geo-satellite interval] 
Spatial domain global, initially filled with data 50°N-50°S 
Time domain 1998-present; later explore entire SSM/I era (1987-present) 
Product 
sequence 

“Early” sat. (~4 hr), “Late” sat. (~18 hr), “Final” sat.-gauge (~2 months 
after month) [more data in longer-latency products] 

Instantaneous 
vs. accumulated 

Snapshot for half-hr, accumulation for monthly  

Sensor precipitation products intercalibrated to TCI before GPM launch, later to GCI 
Global, monthly gauge analyses including retrospective product; explore use in 
submonthly-to-daily and near-real-time products 
Error estimates; final form still open for definition 
Embedded data fields showing how the estimates were computed 
Precipitation phase estimates; probability of liquid precipitation 
Operationally feasible, robust to data drop-outs and (constantly) changing constellation 
Output in HDF5 v1.8 (compatible with NetCDF4) 
Archiving and reprocessing for all RT and post-RT products 

 

 

Table 2.  Lists of data fields to be included in each of the output 
datasets.  Primary fields for users are in italics.  [after ATBD Table 3] 

Half-hourly data file (Early, Late, Final) 
1 Instantaneous precipitation - calibrated 
2 Instantaneous precipitation - uncalibrated 
3 Precipitation error 
4 PMW precipitation 
5 PMW source 1 identifier 
6 PMW source 1 time 
7 PMW source 2 identifier 
8 PMW source 2 time 
9 IR precipitation 
10 IR KF weight 
11 Probability of liquid precipitation phase 
Monthly data file (Final) 
1 Sat-Gauge precipitation 
2 Sat-Gauge precipitation error 
3 Gauge relative weighting 
4 Probability of liquid precipitation phase 
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Figure 1.  High-level block diagram illustrating the major processing modules and 
data flows in IMERG.  The blocks are organized by institution to indicate heritage, 
but the final code package will be an integrated system.  The numbers on the blocks 
are for reference in Section 5.  Box 3 is computed at CPC as an integral part of 
IMERG.  [after ATBD Fig. 1] 


