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The GPM Core Observatory operates in a non-Sun-synchronous orbit at 65° inclination and an altitude of 

407 km at the equator to permit diurnal observations of precipitation and coincident measurements with 

constellation radiometers to serve as a reference standard for the inter-calibration of both radiometric 

measurements and precipitation retrievals of the constellation members. The GPM-CO data are necessary 

for reducing the number of assumptions in the precipitation retrievals. This is because satellite rainfall 

estimates cannot be cast in terms of simple mathematical inversions. Precipitating clouds contain more free 

parameters (including their size, shape, and internal distribution of raining and non-raining water and ice 

particles) than can realistically be retrieved from a finite set of satellite measurements. Significant 

assumptions regarding the composition of clouds are therefore necessary (Stephens and Kummerow, 2007). 

GPM tackles this problem by first designing highly accurate instruments and second, by creating a common 

inventory of naturally occurring cloud states with details provided by the GPM-CO using the most 

advanced active and passive rainfall sensors. This inventory of clouds can then be used as the a priori state 

within a Bayesian or Optimal Estimation framework for constellation sensor retrievals (e.g., Kummerow et 

al., 2015).  While the technique does not entirely eliminate the need for assumptions, it does employ the 

highly accurate GPM-CO data rather than less-capable radiometers or models to make the assumptions 

independently. 

The 65° inclination for the GPM-CO was selected to offer broad latitudinal coverage without being 

locked into a Sun-synchronous low Earth orbit (LEO), while maintaining a relatively short precession 

period to sample the diurnal variability of precipitation. TRMM, at 35° inclination, has shown that the 

additional sampling afforded by asynoptic observations in between observations by LEO satellites at fixed 

local times are important for near real-time monitoring and prediction of hurricanes. The GPM-CO 

provides, for the first time, asynoptic observations for tracking mid-latitude and extratropical storms. The 

non-Sun-synchronous orbit also provides multiple coincident overpasses with the mostly LEO constellation 

sensors to facilitate inter-sensor calibration over a wide range of latitudes. 

The GPM mission is supported on the ground by (1) a NASA-provided mission operations system for the 
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fidelity of physically-based precipitation retrievals. The increased sensitivity of the DPR relative to the 

TRMM Precipitation Radar (PR) and the high-frequency GMI channels enable GPM to measure light rain 

(down to 0.2 mm hr-1) and falling snow. 

A. Dual-frequency Precipitation Radar (DPR) 
 

The DPR instrument, which provides measurements of 3-dimensional precipitation structure, consists of 

a Ka-band Precipitation Radar (KaPR) at 35.5 GHz and a Ku-band Precipitation Radar (KuPR) at 13.6 GHz 

being an updated version of the Ku-band unit flown on TRMM (Kummerow et al., 1998). JAXA and the 

National Institute of Information and Communications Technology (NICT) of Japan built the DPR 

instrument. The KuPR and the KaPR are co-aligned such that their 5 km footprints coincide on the Earth 

surface, with cross-track swath widths of 245 km and 125 km, respectively (see Fig. 1), and a vertical range 

resolution of 250 m, except when the KaPR is operating in a high-sensitivity, spatial over-sampling mode, 

in which case the range resolution is 500 m. Both Ka and Ku oversample vertically to reduce the range 

distance by half. The variable pulse repetition frequency technique used by the DPR increases the number 

of samples at each Instantaneous Field-Of-View (IFOV) to achieve a detection threshold of 12 dBZ, or 0.2 

mm hr-1. The DPR has been calibrated both internally and externally through a series of Active Radar 

Calibration overpasses of calibrated ground sources provided by JAXA.  

With information from the DPR, precipitation measurements are more accurate for retrieving two 

parameters of the bulk particle size distributions by using (1) the sensitivity of Ka to small particles, (2) the 

sensitivity of Ku to larger particles, and (3) a retrieval technique based on the differential attenuation 

between observations at the two frequencies. The dual-frequency returns give us insight into microphysical 

processes (evaporation, collision/coalescence, aggregation) and also allow us to distinguish regions of 

liquid, frozen and mixed-phase precipitation, in addition to providing bulk properties of the precipitation 

such as water flux (rain rate) and water content in the measurement column. The improved accuracy and 

detailed microphysical information from the dual-wavelength radar is used to constrain precipitation 

retrievals from the GMI and to develop an a priori Bayesian cloud model database to be used for 
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radiometer-based retrievals. This database is by the constellation radiometers to unify precipitation 

retrievals globally. 

B.  GPM Microwave Imager (GMI) 
 

The GMI instrument is a multi-channel, conical-scanning, microwave radiometer characterized by 

thirteen channels ranging in frequency from 10 GHz to 183 GHz (Table 1), and a 1.2 m diameter antenna to 

provide better spatial resolution than TMI. The GMI has an off-nadir-viewing angle of 48.5 degrees, which 

corresponds to an earth-incidence-angle of 52.8 degrees, thus maintaining a similar geometry with the 

predecessor TRMM radiometer. The GMI main reflector rotates at 32 revolutions per minute to collect 

microwave radiometric brightness temperature (Tb) measurements over a 140 degree sector centered on the 

spacecraft ground track, giving a cross-track swath of 885 km on the Earth's surface from the GPM-CO 407 

km altitude (see Fig. 1). The GMI was built by the Ball Aerospace and Technology Corporation under 

contract with NASA Goddard Space Flight Center. The central portion of the GMI swath overlaps the radar 

swaths with an approximately 67-second difference between the GMI and radar observation times (due to 

geometry and spacecraft motion). The measurements within the overlapped swaths of DPR and GMI are 

important for improving and cross-validating precipitation retrievals, especially the radiometer-based 

retrievals. 

With the role of a reference radiometer in mind, the GMI is designed to achieve greater instrument 

accuracy and stability by employing several innovative engineering features. A high quality reflective 

coating was used on the main and cold calibration sub-reflectors. Noise diodes were included in the 

calibration scheme for the channels from 10.7 to 36.64 GHz enabling an explicit solution for non-linearity 

in the radiometer response functions (Draper et al., 2015a). The warm load has 14 temperature sensors 

imbedded in it to better characterize its physical temperature and any thermal gradients. The cold 

calibration sub-reflector is somewhat oversized to reduce spillover issues and the warm calibration load is 

shrouded to minimize solar intrusion. (Draper et al., 2013). 

After launch, a series of spacecraft attitude maneuvers were performed to provide checks on and 
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refinements to the calibration. One of these maneuvers involved pitching up the GPM spacecraft so that 

both the main beam and the cold calibration mirror viewed cold space. The voltage from the radiometers 

was determined to be identical to within measurement uncertainty for both the main and sub-reflectors, 

indicating that either there are no significant emissivity issues for either reflector. A pitch down maneuver 

was also done to verify consistency between the vertical and horizontal polarizations at nadir for the dual-

polarized channels and corrections were developed for calibration errors resulting from sensitivity of the 

radiometer to magnetic fields as well as updates to the pre-launch derived spillover corrections. This 

combination of the instrument design and detailed on-orbit calibration checks and refinements have 

resulted in an extremely stable and accurate calibration to within 0.5 K (Wentz and Draper, 2016).  

IV. COVERAGE AND SAMPLING 
 
Given the current capabilities of microwave remote-sensing technology, the GPM mission takes a 

constellation-based approach by combining measurements from a constellation of microwave sensors in 

LEO to achieve global coverage and the high temporal sampling needed for a wide range of science and 

societal applications (Fig. 2). The GPM constellation was initially conceived to comprise conical-scanning 

radiometers, which have been the mainstay for rainfall estimation from space for many decades. 

Microwave sounding instruments, whose observations are less directly related to precipitation than 

conically scanning imagers, were not included in the original mission design. However, as retrieval 

algorithms for microwave sounders have continued to improve in recent years, the quality of current 

rainfall retrievals from microwave sounders with high-frequency channels between 150 and 183 GHz has 

been shown to be comparable to those from conical-scanning radiometers over land (Xin and Hou, 2008). 

The baseline GPM constellation was reconfigured in 2006 to include microwave sounding instruments to 

augment the sampling by conical-scanning radiometers over land, where revisit time is between 1 and 2 

hours over the GPM mission life (Hou et al., 2014). The high-frequency sounding channels on GMI will 

also provide a bridge in using GPM-CO sensor measurements to further improve sounder retrievals in the 

GPM constellation.  
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counterpart of IMERG is the Global Satellite Mapping of Precipitation (GSMaP), provided also with 0.1° x 

0.1°x 0.1° horizontal resolution and with various latencies; nowcast, 4 hours, etc. (Kubota et al., 2017). 

These products can be found at gpm.nasa.gov and at sharaku.eorc.jaxa.jp/GSMaP, respectively. 

 

V. RADIANCE INTERCALIBRATION OF CONSTELLATION SENSORS 
Climate quality data sets need to be accurate and consistent across long time periods spanning multiple 

observing platforms. Any Tb biases among the different GPM microwave constellation instruments might 

impede consistent global precipitation estimates. Despite similarities among these constellation sensors, 

differences exist in terms of center frequencies, viewing geometries, and spatial resolutions (Table 2), 

which must be reconciled in order to produce uniform global precipitation estimates. An important by-

product of the cross calibration effort is the ability to monitor each instrument in the GPM constellation for 

abrupt and/or gradual calibration changes as well as other degradations. 

Achieving consistency through intersatellite calibration requires several steps. First, each instrument 

provider is responsible for providing well-calibrated Tb products adhering to established standards. Based 

on these standard Tb products provided by partners, GPM examines the data to find and remove pixel-to-

pixel biases that can be caused by pitch and roll errors, spacecraft interference and more subtle causes.  For 

conical scanners, detecting biases is conceptually straightforward; the average Tb of each beam position 

should be the same.  Biases due to latitude and small incidence angle anomalies are readily removed 

(Gopalan et al., 2009). For cross-track scanners detecting and correcting for biases to achieve self-

consistency is much more difficult because the dependence on incidence angle must be very accurately 

modeled.   

Once an instrument is shown to be self-consistent across a scan, it must be self-consistent through the 

orbit.  For this purpose, environmental data such as Global Data Assimilation System (GDAS) is used to 

compute Tb for non-raining oceanic pixels throughout the orbit. While these calculations may not be 

adequate for absolute calibration, they are suitable for identifying Tb anomalies.  When a consistent pattern 

of anomalies is detected, an approach is developed to correct for them.  
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Figure 2: The GPM constellation in 2017 includes the GPM Core Observatory and constellation 

radiometers on partner satellites (Megha-Tropiques, GCOM-W1, DMSP F18 and F19, NPP, NOAA-19, 

MetOp-B, and NPOESS C1).   
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Table 1: GPM-CO GMI and DPR specifications and on-orbit performance. 

Channel (GHz) Spatial Resolution 

(km) 

NEDT (K) 

(required) 

NEDT (K) 

(on orbit) 

Beamwidth in 

degrees (on 

orbit) 

Beam 

Efficiency in 

% (on orbit) 

GMI 10.65 V-pol 19.4 x 32.1 0.96 0.77 1.72 91 

GMI 10.65 H-pol 19.4 x 32.1 0.96 0.78 1.72 91 

GMI 18.7 V-pol 10.9 x 18.1 0.84 0.63 0.98 91 

GMI 18.7 H-pol 10.9 x 18.1 0.84 0.60 0.98 91 

GMI 23.8 V-pol 9.7 x 16.0 1.05 0.51 0.85 93 

GMI 36.64 V-pol 9.4 x 15.6 0.65 0.41 0.82 98 

GMI 36.64 H-pol 9.4 x 15.6 0.65 0.42 0.82 98 

GMI 89 V-pol 4.4 x 7.2 0.57 0.32 0.38 97 

GMI 89 H-pol 4.4 x 7.2 0.57 0.31 0.38 97 

GMI 166 V-pol 4.1 x 6.3 1.5 0.70 0.38 97 

GMI 166 H-pol 4.1 x 6.3 1.5 0.66 0.37 97 

GMI 183.31±3 V-pol 3.8 x 5.8 1.5 0.56 0.37 95 

GMI 183.31±7 V-pol 3.8 x 5.8 1.5 0.47 0.37 95 

DPR 13.6 (Ku) 5 km horizontally 

250 m vertically 

(oversampled to 

125 km) 

Minimum detectable reflectivity ~12-13 dBZ 

DPR 35.5 (Ka) 5 km horizontally 

250 m vertically 

500 m vertically in 

Minimum detectable reflectivity ~17-18 dBZ (~12-13 dBZ 

in high sensitivity mode) 
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Figure Captions: 

 
Figure 1: GMI and DPR precipitation retrievals from the GPM Core Observatory observing a March 17, 

2014 snow storm.. 

 

Figure 2: The GPM constellation in 2017 includes the GPM Core Observatory and constellation 

radiometers on partner satellites (Megha-Tropiques, GCOM-W1, DMSP F18 and F19, NPP, NOAA-19, 

MetOp-B, and NPOESS C1).   

 

 

Table Captions: 

Table 1: GPM-CO GMI and DPR specifications and on-orbit performance. 

Table 2: GPM-CO and constellation partner passive microwave radiometer sensor capabilities in 2017. 

  












