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Algorithm 3B42: TRMM Merged HQ/Infrared Precipitation 

Algorithm Overview
The purpose of Algorithm 3B42 is to produce Tropical Rainfall Measuring Mission (TRMM) merged high quality (HQ)/infrared (IR) precipitation and root-mean-square (RMS) precipitation-error estimates. These gridded estimates are on a 3-hour temporal resolution and a 0.25-degree by 0.25-degree spatial resolution in a global belt extending from 50 degrees South to 50 degrees North latitude.

The 3B42 estimates are produced in four stages; (1) the microwave precipitation estimates are calibrated and combined, (2) infrared precipitation estimates are created using the calibrated microwave precipitation, (3) the microwave and IR estimates are combined, and (4) rescaling to monthly data is applied. Each precipitation field is best interpreted as the precipitation rate effective at the nominal observation time (Huffman et al. 2007).

a. High Quality (HQ) microwave estimates
All of the available passive microwave data are converted to precipitation estimates prior to use, then each data set is averaged to the 0.25° spatial grid over the time range ±90 minutes from the nominal observation time. All of these estimates are adjusted to a "best" estimate using probability matching of precipitation rate histograms assembled from coincident data. The algorithm takes the TRMM Combined Instrument (TCI; 2B31) as the calibrating data source. However, the coincidence of TCI with any of the sensors other than the TRMM Microwave Imager (TMI; 2A12) is highly sparse, so we establish a TCI—TMI calibration, then apply that to TMI calibrations of the other sensors to estimate the TCI-calibrated values. The TCI—TMI relationship is computed on a 1°x1° grid for each month using that month’s coincident data to accommodate the somewhat different climatologies of the two estimates. Preliminary work showed that the TMI calibrations of the other sensors’ estimates are adequately represented by climatologically based coefficients representing large areas. Offline, the GPROF-SSMI, GPROF-SSMIS, GPROF-AMSR, AMSU-B, and MHS precipitation estimates have been climatologically probability-matched to 2A12.  The calibrations of AMSU-B, MHS, SSMI, and AMSR-E to TMI have one set of coefficients for each sensor type for land and 14 sets for ocean, while SSMIS is calibrated separately for each satellite, again having one set for land and 14 for ocean.  The ocean latitude bands are 15° overlapping latitude bands centered on the 5° bands 35-30°S, 30-25°S, 25-20°S, …, 20-25°N, 25-30°N, and 30-35°N.  The outermost bands are used in their respective hemispheres for all higher-latitude calibrations due to the lack of TMI data beyond about 38°.  The SSMIS are calibrated individually due to particular calibration issues for each satellite.  AMSR-E uses a 2-month set of match-ups to ensure sufficient sampling, while all of the others work with single-month accumulations.  The coefficients are computed separately for each season.   Finally, a volume adjustment factor is computed for each set to ensure that total TMI precipitation is preserved in these transformations.

Once the estimates are calibrated for each satellite and audited for >40% "ambiguous pixels", the grid is populated by the "best" data from all available overpasses, although the most likely number of overpasses in the 3-hr window for a given grid box is either one or zero. When there are multiple overpasses, data from TCI, TCI-adjusted TMI, TCI-adjusted AMSR-E, and TCI-adjusted SSM/I are averaged together, and TCI-adjusted AMSU-B/MHS estimates are used if none of the others are available for the grid box. Tests show that the histogram of precipitation rate is somewhat sensitive to the number of overpasses averaged together when that number is small. Accordingly, in the future we expect to test a scheme taking the single "best" overpass in the 3-hr period.

b. Variable Rain Rate (VAR) Infrared (IR) estimates
3B42 uses two different IR data sets for creating the complete record of 3-hourly 0.25° gridded Tb’s. In the period 1 January 1998 to 6 February 2000, 10-km (subsampled), 3-hourly grids of IR data from the National Climatic Data Center (NCDC) GridSat-B1 were used in the 3B42 processing.  For the period 1 January 1998 - 03 UTC 16 June 1998 geo-IR data were not available in the Indian Ocean sector, but high zenith angle data from adjacent geo-satellites is generally sufficient for fill-in. For the period from 7 February 2000 onwards, the Climate Prediction Center (CPC) Merged IR is used. For each hour the IR data are averaged to 0.25° resolution and combined into hourly files as ±30 minutes from the nominal time. The amount of imagery delivered to NCDC and CPC varies by satellite operator, but international agreements mandate that full coverage is provided for the 3-hourly synoptic times (00Z, 03Z, …, 21Z). Histograms of time-space matched HQ precipitation rates and IR Tb’s, each represented on the same 3-hourly 0.25° grid, are accumulated for a month, and then used to create spatially varying calibration coefficients that convert IR Tb’s to precipitation rates. As in the HQ, the calibration interval for the IR is a calendar month, and the resulting adjustments are applied to data for the same calendar month. This choice is intended to keep the dependent and independent data sets for the calibrations as close as possible in time. In fact, the full month of data in the estimates includes the dependent data. A second ambiguous screening is performed on the matched microwave data after accumulation; compared to instantaneous screening, the monthly screening provides better control of artifacts.

By design, there is no precipitation when the 0.25°x0.25°-average Tb is greater than the local threshold value that matches the frequency of precipitation in the IR to that of the microwave. Increasingly colder Tb’s are assigned increasingly large precipitation rates using histogram matching. Those grid boxes that lack coincident data throughout the month, usually due to cold-land dropouts or ambiguous editing, are given calibration coefficients by smooth-filling histograms of coincident data from surrounding grid boxes. Finally, preliminary testing showed that the precipitation rates assigned to the coldest Tb’s by strict probability matching tended to show unphysical fluctuations. To ameliorate this effect, a somewhat subjectively chosen coldest 0.17% of the Tb histogram is specified by a fourth-order polynomial fit to a climatology of coldest-0.17%—precipitation rate points around the globe. In each grid box a constant is added to each point on the climatological curve such that it is piecewise continuous with the grid box’s Tb-precipitation rate curve at the 0.17% Tb.

Once computed, the HQ-IR calibration coefficients are applied to each 3-hourly IR data set during the month.

c. Combined HQ and VAR estimates
The ultimate goal of this algorithm is to provide the "best" estimate of precipitation in each grid box at each observation time. It is frequently quite challenging to combine different estimates of an intermittent field such as precipitation. The process of combining passive microwave estimates is relatively well-behaved because the sensors are quite similar and GPROF is used for most retrievals. This is not the case for the HQ and VAR fields.

We currently take a simple approach for combining the HQ and VAR estimates, namely the physically-based HQ estimates are taken "as is" where available, and the remaining grid boxes are filled with VAR estimates. This scheme provides the "best" local estimate, at the expense of a time series that is built from data sets displaying heterogeneous statistics.

d. Rescaling to monthly data
The final step in generating 3B42 is the indirect use of rain gauge data. It is highly advantageous to include rain gauge data in combination data sets. However, experience shows that on any time scale shorter than a month the gauge data are not reported with sufficient density nor reported with consistent observational intervals to warrant direct inclusion in a global algorithm that provides sub-monthly resolution. The authors solved this issue in the GPCP One-Degree Daily combination data set by scaling the short-period estimates to sum to a monthly estimate that includes monthly gauge data (Huffman et al. 2001). Here, we take a similar approach with the 3B42 estimates. All available 3-hourly HQ+VAR estimates are summed over a calendar month to create a monthly multi-satellite (MS) product. The MS and gauge are combined to create a post-real-time monthly satellite-gauge combination (SG), which is a TRMM product in its own right (3B43). Then the field of SG/MS ratios is computed (with controls) and applied to scale each 3-hourly field in the month.

File Format
The file content description for Product 3B42 can be obtained from TRMM File Specifications available at http://pps.gsfc.nasa.gov/Documents/filespec.TRMM.V7.pdf.
Known Deficiencies
HQ data sources are introduced at different points in the data record. Therefore, variations in HQ coverage will occur throughout the record, increasing as time progresses. Most critically, the introduction of AMSU-B over 2000-2003 gradually introduced a deficiency in the occurrence of precipitation, although the amounts are approximately corrected at the monthly scale.  As well, in Version 7 the calibrated microwave data are some 3-5% higher than the 2B31 calibrator, for reasons not yet understood.

Planned Improvements
Efforts are currently focusing on the validation of the Product 3B42 precipitation estimates with rain gauge data, ground-based radar data, and data from other satellites.  The 3B42 data set will be superseded by the Global Precipitation Measurement (GPM) mission product 3IMERGHH, produced with the Integrated Multi-satellitE Retrievals for GPM (IMERG) algorithm (Huffman 2012).  The transition is expected to happen in late 2014.
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