
An international satellite mission to unify and advance 

precipitation measurements from space for scientific 

research and societal applications is described.
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P
 recipitation affects our daily lives in many ways. The distribution 

of precipitation in space and time directly affects the availability of 

freshwater, vital for sustaining life (Montaigne 2002; NSTC 2004). 

Extreme precipitation events associated with hurricanes, blizzards, 

floods, droughts, and landslides have significant socioeconomic impacts 

on society (Futrel et al. 2005; NRC 2010). Historically, observations of 

precipitation have been an important focus of meteorology and engineer-

ing hydrology. Water resource management—be it irrigation for  

See Fig. 1 on p. 6 for more information about this satellite illustration.
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agriculture, controlling floods, coping with droughts, 

or administering freshwater supplies—requires accu-

rate and timely knowledge of when, where, and how 

much it rains or snows.

Not only is precipitation important for water 

resources, but also scientifically precipitation plays 

a key role in coupling Earth’s water, energy, and bio-

geochemical cycles. Precipitation is linked to clouds, 

moisture, atmospheric and oceanic circulations (via 

latent heat release and salinity dilution, respectively), 

and surface albedo (through modulation of snow 

cover) (Trenberth et al. 2007). Accurate knowledge of 

precipitation intensity and accumulation is essential 

for understanding the cycling of global water fluxes 

and the energy balance of the Earth system.

While the measurement of precipitation at a given 

location using surface-based instruments is relatively 

straightforward, the large spatial and temporal vari-

ability of precipitation intensity, type, and occurrence 

make direct and uniformly calibrated measurements 

difficult over large regions, especially over the oceans. 

Over land, rain gauges suffer from representativeness 

issues when estimating precipitation over extended 

areas, particularly at fine temporal resolutions or over 

complex terrain. Radars, where available, must contend 

with beam blockage in mountainous regions, anoma-

lous propagation errors, and imprecise backscatter to 

rain rate relationships. Globally, the limited networks 

of surface instrumentation over land and the imprac-

ticality of obtaining in situ measurements over oceans 

mean that a comprehensive description of global pre-

cipitation can only be achieved from the vantage point 

of space (Kidd and Levizzani 2011).

Global satellite-based rainfall products are cur-

rently based on microwave-only, calibrated infrared 

(IR), and microwave plus IR observations from vari-

ous satellite missions using a variety of merging tech-

niques (e.g., Sorooshian et al. 2000; Kuligowski 2002; 

Kidd et al. 2003; Turk and Miller 2005; Huffman et al. 

2007; Kubota et al. 2007; Joyce et al. 2011). The range 

of available products reflects significant differences 

in the measurement accuracy, sampling frequency, 

and merging methodology. While IR sensors on 

geostationary satellites can provide precipitation 

estimates (inferred from cloud-top radiances) at high 

temporal resolutions (up to 15-min intervals on some 

platforms), microwave sensors remain the instru-

ment of choice for measuring precipitation since the 

radiative signatures are more directly linked to the 

precipitating particles. Further advances in global 

precipitation product development require more 

accurate and more frequent microwave measure-

ments within a unified observational framework.

The GPM (see the list of acronyms in the appen-

dix for expansions) mission is specifically designed 

to unify and advance precipitation measurements 

from a constellation of research and operational 

microwave sensors (GPM 2013). Building upon the 

success of TRMM launched by NASA of the United 

States and JAXA of Japan in 1997, NASA and JAXA 

successfully deployed the GPM Core Observatory on 

February 28, 2014. The observatory carries the first 

spaceborne dual-frequency phased array precipitation 

radar, the DPR, operating at Ku and Ka bands (13 and 

35 GHz, respectively) and a conical-scanning multi-

channel (10–183 GHz) microwave imager, the GMI. 

This sensor package is an extension of the TRMM 

instruments (Kummerow et al. 1998), which focused 

primarily on heavy to moderate rain over tropical and 

subtropical oceans. The GPM sensors will extend the 

measurement range attained by TRMM to include 

light-intensity precipitation (i.e., <0.5 mm h–1) and 

falling snow, which accounts for a significant fraction 

of precipitation occurrence in the middle and high 

latitudes (Mugnai et al. 2007; Kulie and Bennartz 

2009). In particular, the DPR and GMI measure-

ments will refine retrieval algorithms through the 

construction of a unique observational database by 

quantifying the microphysical properties of precipi-

tating particles. This database will set a new standard 

for spaceborne precipitation measurements through 

its use as common reference over a variety of envi-

ronmental conditions to unify measurements from 
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the many microwave radiometers before, during, and 

beyond the lifetime of the GPM Core Observatory.

GPM SCIENCE OBJECTIVES AND MISSION 

CONTEXT. GPM is a constellation-based satellite 

mission specifically designed to provide a new gen-

eration of observations of rainfall and snowfall from 

space to improve our understanding of Earth’s water 

and energy cycle. As a science mission with integrated 

applications goals, it will make data available in near–

real time (i.e., within 3 h of observation) for a host of 

societal applications that include the identification 

of storm locations, f lood forecasting, freshwater 

monitoring, landslide warning, crop prediction, and 

tracking of waterborne diseases. A summary of the 

GPM mission science objectives is given in Table 1.

The current generation of multisatellite rainfall 

products is based largely upon algorithms and valida-

tion activities centered on TRMM, which focuses on 

medium to heavy rainfall 

over the tropical oceans. 

GPM will provide the next 

generation of global pre-

cipitation products charac-

terized by 1) more accurate 

instantaneous precipita-

tion estimates, particularly 

for light rainfall and cold-

season solid precipitation, 

and 2) unified precipitation 

retrievals from a constel-

lation of microwave radi-

ometers through the use of 

intercalibrated brightness 

temperatures and a com-

mon observational hydro-

meteor database consistent 

with the combined radar/

radiometer measurements 

obtained by the GPM Core 

Observatory. The greater 

global coverage of the GPM 

Core Observatory (68°N/S) 

compared to the TRMM 

coverage (37°N/S) wi l l 

allow significantly better 

quantification of precipi-

tation characteristics and 

more accurate precipitation 

products to be developed 

for the middle and high lat-

itudes, especially over land 

and over a wider range of 

climate regimes (see the section titled “Constellation 

partnership and configuration” for Core Observatory 

coverage). The expected science contributions of the 

GPM mission and the ways in which society will 

directly benefit from the mission are described in 

the sidebars titled “GPM science contributions” and 

“GPM societal benefits,” respectively.

Within the United States, the GPM mission is the 

Earth science community’s response to the urgent 

need to decipher how the water cycle changes in a 

warming climate and the desire to enhance a broad 

range of societal applications (NRC 2007a). As a 

NASA foundation mission for systematic measure-

ment in Earth sciences focusing on the global water 

and energy cycle (Asrar et al. 2001), GPM is an impor-

tant contribution to the U.S. Climate Change Science 

Program and the U.S. Weather Research Program. 

In Japan, the GPM/DPR project of JAXA is a key ele-

ment of Japan’s Earth monitoring satellite program to 

TABLE 1. GPM science objectives.

Science drivers Mission objectives

Advancing precipitation 

measurements from space

Provide measurements of microphysical properties 

and vertical structure information of precipitating 

systems using active remote sensing techniques 

over a broad spectral range

Combine active and passive remote sensing 

techniques to provide a calibration standard 

for unifying and improving global precipitation 

measurements by a constellation of research and 

operational microwave sensors

Improving knowledge of 

precipitation systems, 

water cycle variability, and 

freshwater availability

Provide four-dimensional (4D) measurements of 

space–time variability of global precipitation to 

better understand storm structures, water/energy 

budget, freshwater resources, and interactions 

between precipitation and other climate 

parameters

Improving climate modeling 

and prediction

Provide estimates of surface water fluxes, cloud/

precipitation microphysics, and latent heat release 

in the atmosphere to improve Earth system 

modeling and analysis

Improving weather forecasting 

and 4D climate reanalysis

Provide accurate and frequent measurements of 

precipitation-affected microwave radiances and 

instantaneous precipitation rates together with 

quantitative error characterizations for assimilation 

into weather forecasting and data assimilation 

systems

Improving hydrological 

modeling and prediction

Provide high-resolution precipitation data through 

downscaling and innovative hydrological modeling 

to advance predictions of high-impact natural 

hazard events (e.g., floods/droughts, landslides, and 

hurricanes)
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GPM CONTRIBUTIONS TO SCIENCE

1) Better understanding of global water cycle 

and its link to climate change. Water and 

energy are inextricably linked in the 

Earth system. Changes in temperature 

as observed and predicted into the 

future by climate models are expected 

to alter global water vapor, clouds, and 

precipitation. Questions have been 

raised asking whether Earth will see 

more extreme precipitation events in 

the form of larger/wetter storms and/

or more severe and frequent droughts 

as the global-mean temperature rises 

(NRC 2011). Current climate models 

predict increased heavy rain events in 

the next century but differ at moderate 

to light rain intensities. While present-

day satellite data show more intense 

heavy rain events in certain regions such 

as the tropics (Gu et al. 2007), more ac-

curate measurements of light rain, which 

contributes significant rain amounts in 

the extratropics, are required to assess 

climate model results. GPM will provide 

global precipitation measurements 

with improved accuracy, coverage, and 

dynamic range for studying changes in 

precipitation characteristics.

A key to understanding the coupling 

of the water and energy cycles is the 

release of latent heat, which redistrib-

utes the solar energy received at Earth’s 

surface deep into the atmospheric inte-

rior to drive the large-scale circulation. 

Vertical rain profiles such as those from 

TRMM and GPM serve as a proxy for 

the latent heating in an atmospheric col-

umn above it, which cannot be directly 

observed. GPM will provide combined 

radar/radiometer estimates of the in-

tensity and variability of 3D latent heat-

ing structures of precipitation systems 

beyond the tropics. GPM precipitation 

and latent heating data can also be 

assimilated to constrain 4D climate 

reanalyses (e.g., Hou and Zhang 2007) 

to improve our understanding of the 

interaction of atmospheric heating with 

large-scale dynamics and global telecon-

nection patterns. Indeed, TRMM has 

shown that detailed observations of the 

characteristic stages of the MJO (Morita 

et al. 2006) and their interaction with 

tropical waves (Masunaga et al. 2006) 

can help clarify the role of tropical 

convective systems in climate feedback 

processes (Back and Bretherton 2006; 

Del Genio et al. 2005).

The utility of current satellite 

rainfall products in determining spa-

tially distributed runoff and renewable 

freshwater supplies is still limited (Fekete 

et al. 2004; Kucera et al. 2013). The en-

hanced measurement and sampling capa-

bilities of GPM will help us better under-

stand how changing precipitation patterns 

at multiple scales translate into changes in 

hydrologic fluxes and states (e.g., runoff, 

evapotranspiration, soil moisture, and 

groundwater recharge) both directly 

and through data assimilation into land 

process models (e.g., Rodell et al. 2004). 

By providing more accurate estimates 

of the rate of transfer of water from the 

atmosphere to the surface at local and 

global scales, GPM will reduce a major 

source of uncertainty in the global water/

energy budget.

2) New insights into storm structures and 

mesoscale dynamics. The GPM radar 

will provide observations of the 3D 

structure of precipitation, succeeding 

TRMM in the tropics in detecting con-

vective hot towers that often indicate 

rapid intensification of tropical storms 

(Simpson et al. 1998; Kelley et al. 2004; 

see Fig. S1). GPM will enable us to track, 

for the first time, 3D structural changes 

of tropical storms as they undergo 

the transition into midlatitude frontal 

systems to seek why some, but not all 

storms, inten-

sify during this 

transition and 

what factors 

may affect 

the intensity 

change. Global 

precipitation 

products from 

satellites have 

enabled us to 

map changes in 

the precipitation 

structure over 

the life cycle of 

a storm over 

oceans, where 

conventional 

data are sparse, 

to gain insights 

into storm 

dynamics such 

as the eyewall 

replacement 

process in hur-

ricanes. GPM 

observations 

will also extend 

the precipitation 

feature database 

(Nesbitt et al. 

2000) to gain insights into the proper-

ties and regional variations of mesoscale 

convective systems (Lau and Zhou 2012; 

Wall et al. 2012). The enhanced instru-

ment sensitivity will also help improve 

the understanding of precipitation 

characteristics in mountainous regions 

beyond what has been learned from 

TRMM (e.g., Bindlish and Barros 2000; 

Bhatt and Nakamura 2005).

3) New insights into precipitation microphys-

ics. Satellite precipitation observations 

have been used in conjunction with 

other data to identify rainfall anomalies 

that may be associated with human im-

pacts on the environment, which include 

the effects of aerosols from pollution or 

biomass burning (e.g., Rosenfeld et al. 

2001; Andreae et al. 2004), land use 

(e.g., Cotton and Pielke 2007), defor-

estation (e.g., Wang et al. 2000; Negri 

et al. 2004; Avissar and Werth 2005), 

and urban environment on precipita-

tion (e.g., Shepherd et al. 2002; Bell 

et al. 2008). By providing new micro-

physical measurements from the DPR to 

complement cloud and aerosol observa-

tions, GPM will provide further insights 

into how precipitation processes may be 

affected by human activities.

FIG. S1. Image of tropical cyclone MAGDA off the northern 

coast of Australia at 1927 UTC 21 Jan 2010 constructed 

from TRMM PR, TMI, and IR data showing the three-

dimensional isosurface of the 15-dBZ radar reflectivity. 

The colors correspond to the vertical height (blue for the 

lowest altitude to red for tall thunderstorms indicative of 

future intensification). Also shown are surface rain rates 

in mm h–1 superimposed on IR cloud image.
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GPM SOCIETAL BENEFITS

1) Extending current capabilities in monitoring and prediction of 

hurricanes and other extreme weather events. The advan-

tage of microwave instruments over infrared and visible 

sensors is their ability to see through clouds to reveal 

precipitation structures, including hurricane eyewalls and 

spiral rainbands within tropical cyclones. The capabili-

ties are already being exploited by numerous operational 

agencies (NRC 2005). The GMI, with its 1.2-m antenna, 

is capable of providing measurements at the highest spa-

tial resolution among all constellation radiometers (see 

Table 4), which will be crucial for obtaining accurate fixes 

of storm centers for track predictions. The improved 

consistency among rainfall products produced by the 

GPM constellation will further help improve the utility of 

these sensors.

2) Enhanced numerical weather prediction skills. Assimilation of 

precipitation information into global and regional forecast 

systems has been shown to improve atmospheric analy-

ses and short-range forecasts in a variety of situations 

(Zupanski et al. 2002; Marécal and Mahfouf 2003; Hou 

et al. 2004; Aonashi et al. 2004). Rain-affected micro-

wave radiances and precipitation retrievals are currently 

being used at NWP centers to improve operational fore-

casts (Bauer et al. 2006). By providing more accurate and 

frequent observations in near–real time, GPM will enable 

NWP centers to continue improving forecasts through 

the development of advanced assimilation techniques 

such as ensemble data assimilation and rainfall assimila-

tion using the forecast model as a weak constraint. GPM 

GV activities are expected to provide better error char-

acterizations of GPM measurements, which are crucial 

for making optimal use of precipitation information in 

NWP systems.

3) Improved forecasting for floods, landslides, and freshwater 

resources. GPM will provide frequent precipitation 

observations, of which 80% will be less than 3 h apart 

(see Fig. 4), exceeding the minimum deemed neces-

sary for hydrometeorological applications (Nijssen and 

Lettenmaier 2004). GPM observations can be used 

operationally in land data assimilation to provide better 

soil moisture, temperature, snowpack, and vegetation 

initial conditions for coupled NWP forecasts (Mitchell 

et al. 2004), or integrated into Land Information Systems 

(Kumar et al. 2006) to improve operational land data 

assimilation systems (LDAS). The improved sampling 

over land in the GPM era will advance the detection and 

prediction capabilities for floods and landslides (Wu et al. 

2012; Kirschbaum et al. 2012) as well as the assessment 

and forecasting of freshwater resources at medium 

to large basin scales, especially in developing nations, 

where in situ precipitation gauge networks are sparse 

(Hossain and Lettenmaier 2006; Kucera et al. 2013). 

GPM is currently working with the NOAA HMT program 

(Dabberdt et al. 2005; http://hmt.noaa.gov/) to improve 

the use of satellite precipitation data in operational 

hydrometeorological applications at small basin scales, 

and GPM data will be used in flood and famine warning 

systems such as the International Flood Network (IFNET; 

www.internationalfloodnetwork.org) in Japan, the 

USAID-NASA SERVIR program (www.servirglobal.net/), 

and the Famine Early Warning System (FEWS; www.fews 

.net/) in Africa, Asia, and Latin America.

provide advanced measurements for understanding 

the global water cycle. Within these contexts, GPM 

will provide key measurements that will be used 

synergistically with complementary observations to 

gain insights into the complex interactions among 

water and cloud, water vapor, aerosols, soil moisture, 

and ocean salinity provided by current and future 

satellite missions such as the Soil Mositure and 

Ocean Salinity (SMOS) mission of ESA, the Aquarius 

mission launched by NASA and Argentinean Space 

Agency, the Soil Moisture Active Passive (SMAP) 

mission of NASA, and the EarthCare mission of 

ESA and JAXA. Recognizing that the distribution of 

global precipitation provides a context within which 

to interpret the causes and consequences of local 

variations in water-related observations, the Earth 

Sciences Decadal Survey endorsed GPM as the first in 

a series of missions targeting Earth’s water and energy 

cycle in the coming decade (NRC 2007b).

GPM data will help advance the objectives of a host 

of international scientific programs and activities 

that include GEWEX established under WCRP, to 

understand the global hydrological cycle and energy 

fluxes through observations and modeling, IGWCO 

directed by IGOS partners to inform the United 

Nations about the global environment and guide 

policymaking, GSICS initiated by WMO and CGMS 

to improve accuracy and consistency of space-based 

observations, and IPWG to improve spaceborne 

precipitation measurements and their utilization in 

research and applications. GPM has been identified 

as an outstanding example of peaceful uses of space 

by the United Nations Program on “Remote Sensing 

for Substantive Water Management in Arid and Semi-

Arid Areas,” and the GPM mission will be the first 

realization of the Precipitation Constellation devel-

oped by the CEOS for GEOSS to provide long-term, 

coordinated observations of Earth to contribute to the 

societal benefit areas as identified by GEO.

GPM CONSTELLATION PARTNERSHIP 

AND CONFIGURATION. The GPM constel-

lation comprises both conical-scanning and cross-

track-scanning microwave radiometers operating at 
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frequencies between 6 and 183 GHz. These include 

the traditional channels used for rainfall estimation 

over oceans and land since the launch of the first 

SSM/I instrument in 1987, as well as high frequency 

microwave channels, originally designed for water va-

por profiling, that provide useful information about 

precipitation in regions of uncertain land surface 

emissivities such as frozen and snow-covered areas.

The GPM mission achieves improved global cov-

erage by building upon existing satellite programs 

and new mission opportunities from a consortium of 

partners via bilateral agreements with either NASA 

or JAXA. NASA and JAXA have a Memorandum of 

Understanding (MOU) to provide the GPM Core Ob-

servatory. NASA also has bilateral implementing agree-

ments with Centre National d’Etudes Spatiales (CNES) 

of France and Indian Space Research Organisation 

(ISRO) of India, as well as a MOU with EUMETSAT 

and an interagency agreement with NOAA to contrib-

ute satellites as members of the GPM constellation (see 

Fig. 1). While each constellation member may have its 

unique scientific or operational objectives, they all con-

tribute microwave sensor data to GPM for the genera-

tion and dissemination of unified global precipitation 

products to worldwide user com-

munities. In addition to the DPR 

and GMI, the sensors that will 

provide data to GPM include 1) 

the SSMIS instruments on the 

U.S. DMSP satellites (Kunkee et al. 

2008), 2) the Advanced Microwave 

Scanning Radiometer 2 (AMSR-2) 

on JAXA’s GCOM-W1 satellite 

(Shimoda 2005), 3) the MADRAS 

and Sondeur Atmospherique du 

Profil d’Humidite Intertropi-

cale par Radiometrie (SAPHIR) 

instruments on the French-

Indian Megha-Tropiques satellite 

(Desbois et al. 2003), 4) the MHS 

instruments on the NOAA Polar 

Orbiting Environmental Satel-

lites (POES) satellites, 5) the MHS 

instruments on the EUMETSAT 

MetOp satellites (Edward and 

Pawlak 2000), 6) the ATMS in-

strument on the NPOESS NPP 

satellite, and 7) the ATMS instru-

ments on the NOAA–NASA JPSS 

satellites (Bunin et al. 2004).

As a reference satellite for 

the GPM constellation, the Core 

Observatory will f ly in a non-

sun-synchronous orbit at 65° inclination to obtain 

coincident measurements with constellation sensors fa-

cilitating intersensor calibration over 90% of the globe 

(note that in a 65° inclined orbit, the actual coverage 

of the GMI swath extends from 68°N to 68°S). The 65° 

orbit inclination was selected to offer a broad latitudi-

nal coverage without locking into a sun-synchronous 

polar orbit, while still maintaining a sufficiently short 

precession period to sample diurnal variability within a 

season. TRMM has shown the importance of observa-

tions from a non-sun-synchronous orbit for reducing 

the temporal gaps between the overpasses of polar 

orbiting sensors at fixed local times. Additional sam-

pling by the GPM Core Observatory from an inclined 

orbit will benefit near-real-time monitoring of rapidly 

intensifying storms, quantifying the diurnal variation 

of precipitation, and obtaining more accurate estimates 

of precipitation accumulation. The GPM Core Obser-

vatory, which has a prime design life of 3 years with 

sufficient fuel for a minimum of 5 years of operation.

CORE OBSERVATORY MEASUREMENT 

CAPABILITIES. The DPR and GMI instruments 

aboard the GPM Core Observatory together will 

FIG. 1. An illustration of the constellation of satellites contributing micro-

wave sensor data to the GPM mission: Shown are the U.S.–Japan GPM 

Core Observatory (upper right), the Indo-French Megha-Tropiques, the 

GCOM-W1 of Japan, the European MetOp satellites, and the DMSP, 

POES, Suomi-NPP, and JPSS satellites of the United States.
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characterize the physical properties of precipitating 

particles through their microwave emission/

scattering signatures. Over the region where the 

radar and radiometer swaths overlap, precipitation 

retrievals constrained by both DPR ref lectivities 

and GMI radiances are expected to be of the high-

est quality and accuracy. The global observational 

hydrometeor database, derived from the combined 

DPR and GMI measurements over a wide range of 

environmental conditions and climate regimes, will 

constitute a major advance over the model-simulated 

database used in current retrievals. The technical 

capabilities of the DPR and GMI instruments are 

described below.

Radar. The DPR instrument, developed by JAXA and 

NICT (also of Japan), measures the three-dimensional 

structure of precipitation, consisting of a Ka-band 

precipitation radar (KaPR) operating at 35.5 GHz and 

a Ku-band precipitation radar (KuPR) at 13.6 GHz. 

The KuPR and KaPR will provide coaligned 5-km-

resolution footprints on Earth’s surface, with cross-

track swath widths of 245 and 120 km, respectively, 

as shown in Fig. 2. Within the inner swath of 120 km, 

data from both frequencies will be acquired nearly 

simultaneously. While the Ku-band radar acquires 

data in the outer portion of the full swath of 245 km, 

the Ka-band radar will operate in the high-sensitivity 

mode to acquire data from the interlaced fields of view 

as illustrated in Fig. 2. Both radars 

have a nominal vertical range resolu-

tion of 250 m, sampled every 125 m, 

with a minimum detectable signal 

of better than 18 dBZ. The KaPR 

high-sensitivity mode, used during 

the period of interleaved sampling, 

has a minimum detectable signal of 

approximately 12 dBZ with a vertical 

resolution of 500 m.

Although nearly identical to the 

TRMM PR, the Ku-band channel of 

the DPR will have higher precision 

resulting from a greater number of 

independent samples (used to form 

the average return power) and great-

er sensitivity owing to the higher 

transmitted peak power to achieve 

a minimum detection threshold of 

0.5 mm h–1 (or 18 dBZ). The Ka band, 

when operated in the high sensitivity 

mode, will further extend the DPR 

sensitivity range to detect precipita-

tion rates down to about 0.2 mm h–1 

(12 dBZ). Table 2 provides a detailed comparison of 

the instrument characteristics of the GPM DPR with 

those of the TRMM PR.

In addition to offering higher sensitivity at light 

rain rates, a key advance of the DPR over the TRMM 

PR is its ability to provide quantitative estimates of 

the precipitation particle size distribution (PSD) 

from the overlapping portion of the Ku and Ka swath 

over a nominal range of precipitation intensities 

from a few to ~15 mm h–1. The characterization of 

the size parameter and number concentration of the 

PSD can be used to refine a priori assumptions in 

retrieval algorithms (see the section “Precipitation 

algorithms”). Overall, DPR measurements will offer 

new physical insights into microphysical processes 

(evaporation, collision/coalescence, aggregation) 

and improved capabilities in distinguishing regions 

of liquid, frozen, and mixed-phase precipitation, in 

addition to providing bulk precipitation properties 

such as water flux and column water content.

Radiometer. The GMI instrument, developed and built 

by the Ball Aerospace and Technology Corporation 

under contract with NASA’s Goddard Space Flight 

Center (GSFC), is a conical-scanning passive micro-

wave radiometer with 13 channels ranging from 10 

to 183 GHz. These frequencies have been optimized 

over the past decades to detect heavy, moderate, and 

light precipitation: specifically,

FIG. 2. A schematic of the scanning patterns and swaths of the DPR 

and GMI instruments on board the GPM Core Observatory.
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•	 10-GHz	channel,	optimal	for	the	sensing	of	liquid	
precipitation;

•	 19-	and	37-GHz	channels	for	sensing	moderate	to	
light precipitation over ocean;

•	 21-GHz	channel	for	correction	of	the	emission	by	
water vapor;

•	 89-GHz	channel	for	the	detection	of	ice	particles	
for precipitation over ocean and land;

•	 166-GHz	channel	for	sensing	light	precipitation,	
typical outside the tropics; and

•	 183-GHz	channel	for	detecting	scattering	signals	
due to small ice particles and estimating light 

rainfall and snowfall over snow-covered land.

By combining channels that are normally flown 

on imagers (i.e., 10–89 GHz) with high-frequency 

(166 and 183 GHz) channels, the GMI will be capable 

of retrieving the wide spectrum of precipitation 

intensities found across the globe and to serve as a 

common radiometric reference for intersatellite cali-

bration over the range of frequencies present on GPM 

constellation radiometers. For improved calibration 

accuracy and stability, the GMI uses noise diodes to 

perform a four-point calibration to allow linear and 

nonlinear calibration fittings. In doing so, the stabil-

ity of the noise diodes is assessed during operations, 

and the effects of solar intrusion on the warm load 

can be identified and eliminated, resulting in more 

accurate calibration both for short-term constella-

tion sensor comparisons and for producing climate 

quality datasets over the mission lifetime. As a result, 

the GMI will be well calibrated in an absolute sense. 

The quality of the calibration will be evaluated after 

launch by comparison with other sensors and through 

internal self-consistency checks (Wilheit 2013).

The GMI main ref lector rotates at 32 rpm to 

collect microwave radiometric measurements over a 

140° sector centered on the spacecraft ground track, 

giving a cross-track swath of 885 km on Earth’s 

surface (Fig. 2). The central portion of the GMI 

swath will overlap the DPR Ka-Ku swaths (with an 

approximately 67-s lag between the GMI and radar 

observation times due to geometry and spacecraft 

motion). The GMI has a 1.2-m diameter antenna, 

which at the altitude of 407 km will achieve higher 

spatial resolution than the TMI and all other radi-

ometers in the GPM constellation. Detailed charac-

teristics of the GMI instrument are given in Table 3.

GPM CONSTELLATION COVERAGE AND 

SAMPLING. The spatial coverage and temporal sam-

pling of the baseline GPM constellation will vary with 

TABLE 2. Comparison of GPM DPR instrument characteristics with TRMM PR.

Instrument GPM KaPR at 407 km GPM KuPR at 407 km TRMM KuPR at 350 km

Antenna type Active phased array (128) Active phased array (128) Active phased array (128)

Frequency (GHz) 35.547 and 35.553 13.597 and 13.603 13.796 and 13.802

Swath width (km) 120 245 215

Horizontal resolution at 

nadir (km)

5 5 4.3

Transmitter pulse width (µs) 1.6/3.2 (×2) 1.6 (×2) 1.6 (×2)

Range resolution (m) 250/500 250 250

Observation range (km) (mirror 

image at nadir)

18 to -3 18 to -5 15 to -5

Pulse repetition frequency (Hz) Variable (4275 ± 100) Variable (4206 ± 170) Fixed (2776)

Sampling number 108 ~ 112 104 ~ 112 64

Transmitter peak power (W) >146 >1013 >500

Minimum detectable Z
e
 and rain 

rate*

12 dBZ (500 m res.) (0.2 mm h-1) 18 dBZ (0.5 mm h-1) 18 dBZ (0.7 mm h-1)

Measurement accuracy (dBZ) <±1 <±1 <±1

Data rate (Kbps) <78 <112 <93.5

Mass (kg) <300 <365 <465

Power consumption (W) <297 <383 <250

Physical dimensions (m) 1.44 × 1.07 × 0.7 2.4 × 2.4 × 0.6 2.2 × 2.2 × 0.6

* Minimum detectable rain rate defined as Z
e
 = 200 R1.6 for DPR and Z

e
 = 372.4 R1.54 for TRMM PR.
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the available on-orbit partner assets, 

as can be seen from the expected 

operating periods of the constella-

tion members shown in Fig. 3. For 

comparison, in 2012 there were seven 

satellites providing microwave mea-

surements of precipitation: namely, 

TRMM, three DMSP satellites (F16, 

F17, and F18), two POES satellites 

(NOAA-18 and -19), and MetOp-A.

Figure 4 shows that the GPM 

constellation will provide marked im-

provements in coverage and sampling 

relative to present-day capabilities 

by reducing the annual-mean revisit 

times of the microwave radiometers 

over much of the globe (Fig. 4a) and 

by providing more frequent obser-

vations as well as greater number of 

observations (Fig. 4b). In particular, 

Fig. 4b shows that by 2015 more than 

60% of constellation sampling will be less than 1 h 

apart, and over 80% will be less than 3 h apart at all 

latitudes, compared with 45% and 70%, respectively, 

for their counterparts in 2012. As more nations share 

Earth observations from space, the sampling of global 

precipitation could be further enhanced with micro-

wave data from the Chinese FY-3 radiometers (NSMC 

2013) and the Russian Combined Microwave-Optical 

Imaging/Sounding Radiometer (MTVZA) sounder/

imagers (Cherny et al. 2002).

FIG. 3. Estimated launch schedules and life spans of GPM constellation 

satellites, with blue denoting the primary mission phase and yellow 

the extended mission phase. GPM Core Observatory operations 

beyond the primary mission phase are subject to science and satellite 

performance evaluation after launch.

TABLE 3. GMI instrument characteristics.

10.65  

V & H

18.7  

V & H

23.8  

V

36.5  

V & H

89.0  

V & H

166  

V & H

183.31  

± 3 V

183.31  

± 7 V

Resolution (km) 19.4 × 32.2 11.2 × 18.3 9.2 × 15.0 8.6 × 15.0 4.4 × 7.3 4.4 × 7.3 4.4 × 7.3 4.4 × 7.3

Sample NEDT* (K) 0.96 0.84 1.05 0.65 0.57 1.5 1.5 1.5

Sample NEDT** (K) 0.93 0.76 0.73 0.52 0.41 0.92 0.76 0.67

Beam NEDT* (K) 0.53 0.61 0.82 0.52 0.65 1.72 1.72 1.72

Beam NEDT** (K) 0.51 0.55 0.40 0.42 0.47 1.05 0.87 0.77

Beam efficiency** (%) 91.1 91.2 93.0 97.8 96.8 96.5 95.2 95.2

Uncertainty** (K) 0.99 1.05 0.71 0.53 0.69 0.69 0.66 0.66

Pass-band Bandwidth (MHz) 100 200 400 1000 6000 4000 3500 4500

Antenna 3-dB beamwidth (Max) 1.75° 1.0° 0.9° 0.9° 0.4° 0.4° 0.4° 0.4°

Sampling interval (ms) 3.6

Incidence angles
Nominal Earth incidence = 52.8°

Off-nadir angle = 48.5°

Earth incidence = 49.19°

Off-nadir angle = 45.36°

Data rate, power, mass 30 kbps, 162 W, 166 kg, deployed size = 1.4 m × 1.5 m × 3.5 m

Antenna size, swath width 1.2 m, 885 km

* Instrument requirements.

** Preflight performance values. Sample NEDT is for a fixed integration time of 3.6 µs for all channels. Beam NEDT is the noise 

integrated over a footprint for each channel.
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INTERSATELLITE CALIBRATION OF 

RADIOMETRIC MEASUREMENTS. A major 

goal of the GPM mission is to provide uniform 

global precipitation products from a heteroge-

neous constellation of microwave sensors within a 

consistent framework. The GPM mission will provide 

four levels of data products: 1) level 1 data consist-

ing of geolocated, calibrated DPR radar power, GMI 

brightness temperatures, and intercalibrated bright-

ness temperatures from partner radiometers at the 

instantaneous field of view (IFOV); 2) level 2 products 

consisting of geolocated, geophysical data (e.g., pre-

cipitation rates) and DPR reflectivities at the IFOV; 

3) level 3 products consisting of gridded time–space 

sampled geophysical data (including latent heating 

estimates) from the GPM Core sensors and partner 

radiometers; and 4) level 4 products consisting of 

merged remotely sensed and model information.

Since the GPM constellation consists of a network 

of microwave radiometers that have similar but not 

identical characteristics (Table 4), an important first 

step in developing a uniform precipitation dataset is 

the removal of relative biases in brightness tempera-

tures across the sensors to provide a self-consistent 

input dataset for precipitation retrieval. This requires 

that brightness temperatures of the constellation radi-

ometers be intercalibrated to a common standard by 

accounting for the differences in central frequency, 

viewing geometry, spatial resolution, etc. The NASA 

GPM program has established an international 

working group to develop a community consensus 

for intersatellite calibration of microwave radiances 

observed under all weather conditions (Wilheit 2013). 

For precipitation retrievals from GPM constellation 

sensors, GPM will produce a bias-corrected self-

consistent radiometric dataset as a “level 1C” product 

while maintaining the official level 1B products of the 

sensor providers.

For conically scanning radiometer imagers (with 

channels up to 90 GHz), the strategy is to convert 

FIG. 4. (a) (top) Mean revisit times of seven microwave radiometers (TRMM, three DMSP satellites, two POES sat-

ellites, and MetOp-A) that provide precipitation measurements in 2012. (bottom) Mean revisit times of the GPM 

constellation of satellites in 2015 (GPM Core, GCOM-W1, Megha-Tropiques, three DMSP satellites, two PEOS 

satellites, Suomi-NPP, and MetOp-B; see Fig. 3). (b) (top) Cumulative distribution of observations by constellation 

radiometers in 2012 as a function of sampling intervals and latitudes in 2012. (middle) Corresponding results for 

the GPM constellation in 2015. (bottom) Comparison of the numbers of observations in a month by constella-

tion radiometers at different latitudes in 2012 with those by the GPM constellation in 2015.
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observations of one satellite to virtual observations 

of another using a non-sun-synchronous sensor (e.g., 

TMI or GMI) as a transfer standard. Prior to the GPM 

launch, the prototype intercalibrated level 1C bright-

ness temperature product developed using the TMI 

as reference provides an example of how constellation 

radiometric measurements can be reconciled within 

a consistent framework (GPM ATBD 2013). An im-

portant by-product of this 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.

Intercalibration of the cross-track-scanning wa-

ter vapor microwave sounders on the operational 

sun-synchronous satellites has, until recently, relied 

on very high-latitude orbital crossings for near-

simultaneous, collocated observations or the use of 

high-quality ground truth sites for limited intercali-

bration. The recent launch of the Megha-Tropiques 

satellite with the SAPHIR water vapor sounder into 

a low inclination (20°) orbit has provided a wide 

swath of near-simultaneous collocated observations 

with the operational water vapor sounders, which 

can be analyzed in ways analogous to those used for 

the microwave imagers. This will enable the cross-

calibration across large range of incidence angles prior 

to the launch of the GMI. In a complementary activity, 

GPM is coordinating efforts with the GSICS program 

sponsored by the WMO to employ bias removal diag-

nostics used in operational forecasting as an alterna-

tive approach to intercalibrate microwave sounders.

PRECIPITATION ALGORITHMS. Precipitation 

retrievals from GPM Core Observatory and constel-

lation satellite measurements at the instantaneous 

field of view will consist of GPM level-2 DPR-only 

algorithms, combined DPR+GMI algorithms, and 

radar-enhanced radiometer algorithms using an a 

priori hydrometeor database constrained by Core 

sensor measurements. In addition, there are separate 

algorithms to merge the multiple satellite products 

and to obtain latent heating estimates. These algo-

rithm methodologies are outlined below.

DPR retrievals. As the first spaceborne dual-frequency 

radar, the DPR offers several advances in precipitation 

retrieval relative to its single-frequency counterparts 

on TRMM and ground radars (Iguchi et al. 2000). 

These include improvements in hydrometeor iden-

tification (particularly in convective storms), greater 

accuracy in the estimation of rain rate and water 

content, and information on the PSD in both rain 

TABLE 4. Characteristics of passive microwave radiometers in the GPM era.

Channel 6–7 GHz 10 GHz 19 GHz 23 GHz
31–37 

GHz

50–60 

GHz

89–91 

GHz

150–167 

GHz

183–190 

GHz

Channel center frequency (GHz): V–vertical polarization, H–horizontal polarization

GMI 10.65 V/H 18.70 V/H 23.80 V 36.50 V/H 89.0 V/H 165.6 V/H 183.31 V

AMSR-2
6.925/ 

7.3 V/H
10.65 V/H 18.70 V/H 23.80 V/H 36.5 V/H 89.0 V/H

SSMIS 19.35 V/H 22.235 V 37.0 V/H
50.3–63.28 

V/H
91.65 V/H 150 H 183.31 H

MADRAS 18.7 V/H 23.80 V 36.5 V/H 89.0 V/H 157 V/H

MHS 89 V 157 V
183.311 H 

190.311 V

ATMS 23.8 31.4 50.3–57.29 87–91 164–167 183.31

SAPHIR 183.31 H

Mean (or nadir; marked with *) spatial resolution (km)

GMI 26 15 12 11 6 6 6

AMSR-2 62/58 42 22 26 12 5

SSMIS 59 59 36 22 14 14 14

MADRAS 40 40 40 10 6

MHS* 17 17 17

ATMS* 74 74 32 16 16 16

SAPHIR* 10
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and snow. For a reasonable range of assumed gamma 

distribution shape parameters or snow mass densities, 

the overlapping Ku- and Ka-band measurements can 

be used to determine two parameters of the PSD (e.g., 

the median mass diameter and characteristic number 

concentration) at each range bin in the vertically 

sampled profile (Liao et al. 2005). In addition, attenua-

tion correction, which is key to the success of any radar 

algorithm at these frequencies, can be accomplished 

either through the use of the surface as reference target 

or by an iteration where the PSD itself is used in a 

stepwise correction procedure (e.g., Meneghini et al. 

1997; Mardiana et al. 2004; Rose and Chandrasekar 

2006). The DPR algorithms being developed provide 

instantaneous surface rainfall and vertical hydrome-

teor profiles at the pixel (~5 km horizontal, 125 m 

vertical) level as well as gridded space–time accumula-

tions (GPM ATBD 2013; also see Table 5).

Combined DPR and GMI retrievals. While the DPR 

profiling algorithms are a major improvement over 

the TRMM PR algorithms, ambiguities still exist as a 

result of a number of assumptions such as the “shape” 

parameter of the size distribution, the mass densi-

ties of snow aggregates and graupel, and the vertical 

profiles of water vapor and cloud liquid water. The 

goal of the combined DPR+GMI retrieval is to use 

the multichannel GMI radiometric measurements 

as additional integral constraints on DPR algorithms 

to produce a set of geophysical parameters that are 

physically consistent with both DPR ref lectivity 

profiles and GMI radiances over the radar swath. 

Specifically, some of the abovementioned assumptions 

can be constrained by using variational procedures 

that minimize departures between simulated and ob-

served brightness temperatures, or by using ensemble 

Kalman filtering approaches that determine an 

ensemble of radar solutions that are consistent with 

the brightness temperatures and their uncertainties. 

The combined retrieval methodology builds upon the 

rich heritage of algorithms developed for TRMM (e.g., 

Haddad et al. 1997; Grecu et al. 2004; Masunaga and 

Kummerow 2005). The combined DPR+GMI retriev-

als, which will provide the highest-quality precipita-

tion estimates, will also facilitate the construction of 

an a priori database that relates hydrometeor profiles 

to microwave radiances over the range of brightness 

temperatures observed over nearly the entire globe. 

The advantage of such a database derived from com-

bined observations over one provided by cloud-model 

simulations has been already demonstrated (e.g., 

Grecu and Olson 2006). The combined DPR+GMI 

algorithms will provide pixel-level surface precipi-

tation together with its vertical structure as well as 

accumulations over selected space–time domains 

(GPM ATBD 2013; also see Table 5).

TABLE 5. Description of GPM data products.

Product level Description Coverage

Level 1B GMI

Level 1C GMI

Latency ~1 h

Geolocated brightness temperature and 

intercalibrated brightness temperature

Swath, IFOV (produced at NASA)

Level 1B DPR Geolocated, calibrated radar powers Swath, IFOV (produced at JAXA)

Level 1C, partner radiometers Intercalibrated brightness temperatures Swath, IFOV (produced at NASA)

Level 2 GMI

Latency ~1 h

Radar enhanced (RE) precipitation retrievals Swath, IFOV

Level 2 partner radiometers RE precipitation retrievals from 1C Swath, IFOV

Level 2 DPR

Latency ~3 h

Reflectivities, sigma zero, characterization, 

PSD, precipitation with vertical structure

Swath, IFOV (Ku, Ka, combined Ku/Ka)

Level 2 combined GMI/DPR

Latency ~3 h

Precipitation Swath, IFOV (initially at DPR Ku swath 

and then at GMI swath)

Level 3 latent heating (GMI, DPR, 

Combined)

Latent heating and associated related 

parameters

0.25° × 0.25° monthly grid

Level 3 instrument accumulations GMI, partner radiometers, combined and 

DPR

0.25° × 0.25° monthly grid

Level 3 merged product Merger of GMI, partner radiometer, and IR 0.1° × 0.1°30-min grid

Level 4 products Model-assimilated precipitation forecast and 

analysis

Model temporal and spatial scales
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“Radar-enhanced” radiometer retrievals. Building 

upon the TRMM heritage (e.g., Evans et al. 1995; 

Kummerow and Giglio 1994; Kummerow et al. 1996; 

Marzano et al. 1999), GPM will implement the 2014 

version of the Goddard Profiling Bayesian approach 

(GPROF2014) for precipitation retrievals from all 

passive microwave radiometers in the GPM constella-

tion. But unlike TRMM algorithms that used model-

generated hydrometeor databases, GPROF2014 will 

take advantage of the Core Observatory measure-

ments to build a priori databases from DPR retrieved 

precipitation profiles and their associated microwave 

radiometric signals. These observation-constrained 

databases are then used in conjunction with Bayesian 

inversion techniques to build consistent retrieval 

algorithms for GMI on the Core and for each of the 

GPM constellation satellites. Since these retrievals 

employ a priori databases that contain information 

from the DPR, they are effectively radar enhanced. 

A prototype GPM radiometer retrieval using a 

tropical cloud database constrained by TRMM PR 

reflectivities and TMI radiances has been developed 

to demonstrate the effectiveness of this technique 

(Kummerow et al. 2011). Since the construction of an 

observation-constrained database requires on-orbit 

DPR and GMI data, the GPM radar-enhanced radi-

ometer products are expected to be available 6 months 

after the completion of on-orbit calibration of the 

Core instruments. GPM radiometer algorithms will 

provide surface precipitation and some vertical struc-

ture at the pixel level as well as selected space–time 

accumulations (GPM ATBD 2013; also see Table 5). 

The advances in intersatellite radiometric calibration 

and level 2 sensor retrievals for the GPM constellation 

of satellites should significantly improve the accuracy 

and consistency of precipitation estimates produced 

by the individual microwave instruments.

Multisatellite merging algorithms. While the frequent 

coverage afforded by GPM constellation radiometers 

will be unprecedented, there will always be applica-

tions such as hydrology that require even greater tem-

poral and spatial resolution. The purpose of the level 3 

multisatellite precipitation algorithm (I-MERG) is to 

combine the intermittent precipitation estimates from 

all constellation microwave sensors with the more 

frequent, albeit less accurate, IR-based observations 

from geosynchronous satellites and monthly surface 

precipitation gauge data to create a consistently 

calibrated, uniformly gridded, global precipitation 

data product with appropriate error and metadata 

information. This general concept has been developed 

over the last 15 years, with a proliferation of alterna-

tive approaches in the last five, and is the basis for the 

most requested dataset in the TRMM suite of prod-

ucts (i.e., the TRMM plus other satellites products 

3B42 and 3B43). The merged microwave–infrared 

approach will directly benefit from the constellation 

radiometer algorithms being developed for GPM in 

that GPM will ensure that the microwave products 

being used for bias correction are consistent with 

one another—an essential ingredient to make these 

algorithms perform optimally.

GPM multisatellite algorithms will build upon 

the algorithms developed over the past 15 years that 

include GPCP (Huffman et al. 2001), PERSIANN 

(Sorooshian et al. 2000), NRL-Blend (Turk and 

Miller 2005), SCaMPR (Kuligowski 2002), TMPA 

(Huffman et al. 2007), CMORPH (Joyce et al. 2011), 

and GSMaP (Kubota et al. 2007; Ushio et al. 2009). 

The GPM multisatellite global precipitation data will 

be complemented by national precipitation products 

generated by GPM partners. The near-term U.S. GPM 

multisatellite algorithm, I-MERG, will incorporate 

the salient components of PERSIANN, CMORPH, 

and TMPA to produce a hierarchy of merged global 

precipitation products ranging from MW-only to 

MW-plus-IR data products (GPM ATBD 2013). 

Efforts are also underway in the United States to 

develop global precipitation datasets that combine 

satellite and ground-based precipitation measure-

ments at their native spatial resolution in order to 

preserve precipitation extremes at the local scales. In 

the near term, the Japanese multisatellite algorithm 

team is focusing on the continued development of 

merged GSMaP products but ultimately plans to 

directly assimilate level 1 satellite precipitation mea-

surements into numerical models to generate level 4 

global precipitation products.

Latent heating algorithms. Atmospheric latent heating 

(LH) associated with the production of clouds, rain, 

and snow as a result of phase conversion of water 

vapor into liquid and/or frozen particles can strongly 

influence the large-scale circulation patterns in the 

tropics, excite and modulate tropical waves, main-

tain the intensity of tropical cyclones, and supply 

the energy to cyclones and other mobile weather 

systems in the midlatitudes. The determination of 

the intensity and three-dimensional structure of 

tropical latent heating has been a major objective of 

TRMM. The PR and TMI can provide estimates of the 

convective and stratiform components of rain rates 

that are key to retrieving the vertical LH structure. 

Currently, TRMM has two standard LH products—

the convective–stratiform heating derived from the 
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PR and TMI (Tao et al. 2010) and the spectral latent 

heating derived from the PR (Shige et al. 2007). GPM 

will extend these algorithm development efforts while 

taking advantage of the more advanced measurement 

capabilities of the DPR and GMI to create 3-hourly 

gridded LH estimates as level 3 data products.

GROUND VALIDATION. The traditional ap-

proach to validating satellite precipitation data is 

to use ground-based observations (e.g., radars and 

rain gauges) as a reference or truth to directly assess 

the quality of satellite products. Among the lessons 

learned from TRMM is that while such comparisons 

are useful and necessary, ground measurements do 

not necessarily represent the “truth” but rather have 

their own set of uncertainties that must be carefully 

monitored and quality controlled. Moreover, in order 

to improve physically based satellite precipitation 

profile algorithms, ground validation must go beyond 

surface rainfall comparisons to provide ancillary in-

formation within a precipitating column to identify 

sources of errors in retrieval algorithms under a vari-

ety of environmental conditions. Hydrological mea-

surements (e.g., streamflow data, snowpack depths, 

etc.) and water budget analyses with proper error 

characterizations could also be potentially useful as 

area/time-integrated constraints to assess the quality 

and utility of multisatellite precipitation products.

To support prelaunch algorithm development and 

postlaunch product evaluation, NASA has established 

a broad range of joint projects with domestic and 

international partners to use ground-based observa-

tions (including aircraft measurements) to conduct 

the following three categories of ground validation 

(GV) activities:

1) Direct statistical validation at the surface using 

national networks: These activities provide direct 

statistical comparisons of satellite precipita-

tion products with measurements provided by 

national networks of radars and gauges around 

the world. The goal is to identify first-order dis-

crepancies between remotely sensed and ground-

based estimates that require in-depth examina-

tion. Direct validation also seeks to characterize 

uncertainties in satellite retrievals and ground-

based measurements to estimate the true pre-

cipitation rate through the convergence of these 

two types of estimates. Such comparisons serve 

to enhance the credibility of both satellite and 

ground estimates at locations where they agree.

2) Physical validation of precipitation properties 

in a vertical column through field experiments: 

This validation approach focuses on collecting 

field campaign measurements of cloud micro-

physical properties, radar reflectivity, microwave 

radiances, and precipitation rates to improve 

the understanding of the physical relation-

ships between cloud/precipitating particles and 

microwave radiances at different frequencies. A 

high-priority goal of these activities is to establish, 

wherever feasible, relationships between micro-

physical properties of precipitating particles that 

can be used to reduce the number of independent 

physical parameters and assumptions in satel-

lite retrieval algorithms. Given the challenge of 

estimating precipitation using scattering-based 

techniques over land, another important goal is 

to observationally categorize and simulate depen-

dencies of cloud microphysics on meteorological 

regimes (i.e., identification of the background 

surface environment associated with a given 

precipitation characteristic) and to better char-

acterize ice scattering and the impact of mixed 

phase microphysics at the higher GMI frequen-

cies, which are critical for estimation of liquid/

frozen precipitation over land.

3) Integrated validation over space and time via 

hydrometeorological applications: These valida-

tion activities use stream gauges and other hy-

drological measurements as time-area integrated 

measurements to assess the quality of satellite 

precipitation products used in coupled hydrologi-

cal and land surface modeling and prediction sys-

tems for watersheds maintained by U.S. agencies 

and international partners. The overall objective 

is to identify the optimal space and time scales 

at which satellite precipitation products will be 

useful for water budget studies and hydrologi-

cal applications. Since neither the satellite data 

nor the coupled models are expected to be per-

fect, these assessment activities will necessarily 

include efforts to characterize uncertainties in 

satellite and ground estimates over a broad range 

of space–time scales, as well as uncertainties in 

hydrological models and how errors propagate 

from model inputs to model forecasts. Given 

that hydrologic characteristics such as soil mois-

ture and snow cover, etc., directly affect passive 

microwave radiances through surface emission, 

these efforts can also provide useful information 

for improving precipitation retrieval algorithms 

over land.

GV science collaboration. The NASA Precipitation 

Science Program has established collaborations 
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with domestic and international research organiza-

tions and operational agencies to conduct a broad 

range of GV activity in different geographic and 

climate regimes, while JAXA’s GV activities focus on 

validating DPR algorithms using ground-based assets 

in Japan and Asia. For direct validation within the 

continental United States, NASA is collaborating with 

NOAA on the development and use of the National 

Mosaic and QPE (NMQ; http://nmq.ou.edu/) high-

resolution surface radar dataset for GPM in partner-

ship with other federal agencies and universities 

(Vasiloff et al. 2007). For direct validation worldwide, 

international partnership 

will be key in evaluating 

the quality of GPM data 

products. To date, NASA 

has established joint GV 

research projects with 14 

nations to assess current 

satellite rainfall products 

to guide GPM algorithm 

development (Table 6), 

and is working with in-

ternational programs such 

as the EUMETSAT–Op-

erational Hydrology and 

Water Management Satel-

lite Application Facility 

(H-SAF) to collaborate on 

satellite precipitation prod-

uct assessments in Europe 

and elsewhere.

For physical and hydro-

logical validation, NASA 

has been conduct ing a 

series of field experiments 

that include both inten-

sive observation periods, 

each of 4–6 weeks’ dura-

tion, and longer-term ex-

tended observation periods 

leveraging off existing re-

search and/or operational 

networks of instruments. 

The first of the physical 

validation efforts was the 

Mid-latitude Continental 

Convective Clouds Experi-

ment (MC3E) conducted 

jointly with the U.S. De-

partment of Energy (DOE) 

A t m o s p h e r i c  S y s t e m 

Research (ASR) Program 

in April–June 2011 at the ASR Southern Great Plains 

Central Facility Cloud and Radiation Testbed (CART) 

in north-central Oklahoma. The campaign collected 

coincident high-altitude airborne Ka-Ku band radar 

and multifrequency (10–183 GHz) radiometer data, 

airborne in situ microphysical observations, and ac-

companying ground-based polarimetric radar and 

disdrometer datasets in a wide variety of continental 

precipitation types to refine the physical basis of 

precipitation retrievals from the DPR and passive 

microwave radiometers over land. The second physi-

cal validation campaign was the GPM Cold-season 

TABLE 6. International collaboration on GPM ground validation.

Country Science theme

Argentina Impact of deep moist convection on rainfall, 

development of techniques to calibrate and check 

rainfall estimates

Australia Australian calibration and validation activities in 

support of GPM

Brazil Convective systems life cycle, physical processes in 

warm clouds, direct validation, hydrologic validation 

over the Iguacu river basin

Canada Winter precipitation studies in the Great Lakes area, 

the high Arctic, and in mountainous terrain

Ethiopia The Blue Nile River basin in Ethiopia as the regional 

GPM GV site in Africa

European Union EUMETSAT Satellite Application Facility (SAF) to 

support operational hydrology and water manage-

ment (H-SAF) activities.

Finland Winter precipitation—Calibration and validation 

activities in Finland for GPM mission

France Contribution of the French component of the Megha-

Tropiques Mission to the Precipitation Measurement 

Missions Science Team

Germany/United Kingdom Ancillary active and passive polarimetric studies and 

observations providing a better insight into rain and 

precipitation processes

Israel Statistical and integrated hydrometeorological 

validation

Italy Mediterranean precipitation—Calibration and 

validation activities in Italy for the GPM mission

South Korea Seasonal direct and physical validation activities using 

South Korean national network and research radar, 

disdrometer, and rain gauge resources

Spain High-density mobile disdrometer measurements in 

Spain and GPM GV field campaigns in order to analyze 

the PSD variability

Switzerland Precipitation processes and size distributions in 

complex terrain (liquid and frozen); dense mobile 

disdrometer measurement datasets
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Precipitation Experiment (GCPEx) carried out jointly 

with Environment Canada in Ontario, Canada, 

during the winter of 2012 (17 January–29 February). 

The campaign provided snowfall algorithm devel-

opers and satellite simulator models with a set of 

airborne and ground-based observations as well as 

model simulations to test the ability of active and 

passive microwave sensors to detect and estimate 

falling snow (GPM 2013).

The first integrated hydrologic validation cam-

paign, the Iowa Flood Studies (IFloodS) experiment, 

took place in April–July 2013 in northeastern Iowa, 

using intensive multifrequency polarimetric radar 

and dense rain gauge/disdrometer measurements 

with coupled land surface and hydrologic models to 

assess uncertainties in satellite precipitation products 

and their impact on flood forecasting as a function of 

scale and basin morphology. In addition, two post-

launch campaigns now in planning stages will target 

precipitation and hydrologic processes over complex 

terrains—the Integrated Precipitation and Hydrology 

Experiment (IPHEx) in 2014 to be held jointly with 

the NOAA Hydrometeorological Testbed (HMT)–

Southeast Program and the Olympic Peninsula 

Experiment (OLYMPEX) in 2015/16.

In addition to NASA-sponsored campaigns, 

NASA has also participated in a number of lever-

aged field campaigns of opportunity: the CloudSat/

Cloud–Aerosol Lidar and Infrared Pathfinder Satellite 

Observations (CALIPSO) Ground Validation Program 

(C3VP) field campaign in the winter of 2006/07 to 

collect data for snowfall algorithm development 

(Hudak et al. 2006); the “Pre-CHUVA” field experi-

ment hosted by the GPM-Brazil Program in March 

2010 targeting tropical warm rain processes over land; 

the Light Precipitation and Validation Experiment 

(LPVEx) held jointly with CloudSat, the Finnish 

Meteorological Institute, and Environment Canada in 

the fall of 2010 over the Helsinki Testbed and the Gulf 

of Finland to study cool-season, high-latitude light 

rain characterized by a shallow melting layer; and 

the 2012 Hydrological Cycle in the Mediterranean 

Experiment (HyMEX) special observation periods 

in France and Italy to study precipitation processes 

over complex terrains.

DATA PROCESSING AND PRODUCT 

DISSEMINATION. Observational data collected 

by the GPM Core Observatory will be transmitted via 

the NASA Tracking and Data Relay Satellite System 

(TDRSS) to the GPM Mission Operations Center 

at the NASA GSFC by way of the ground station at 

White Sands, New Mexico. These level 0 data will 

be immediately processed by NASA’s Precipitation 

Processing System (PPS) and JAXA’s data distribu-

tion system into higher-level products in near–real 

time (i.e., within 3 h of observation), followed by 

more complete and higher-quality research products 

within 48 h.

The NASA PPS is a measurement-based, mul-

tisatellite data processing and science information 

system that has the processing and communications 

capacity to handle data from the GPM Observatory 

and partner assets to create GPM products through 

level 3. The PPS will process and make available for 

delivery GMI precipitation products (Table 5) from 

the GPM Core Observatory at the instrument field of 

view within 1 h of observation time, as well as radar 

and combined radar/radiometer swath data within 

3 h of the observation time. In addition to the GPM 

sensor products, other key products produced by the 

PPS include 1) intercalibrated (level 1C) brightness 

temperatures from all partner constellation radiom-

eters and 2) radar-enhanced precipitation estimates 

from all partner radiometers obtained using the com-

mon a priori cloud database constructed from com-

bined DPR/GMI measurements, including 0.1° × 0.1° 

gridded global analyses of instantaneous precipitation 

rates, 3-h precipitation rates, and daily and monthly 

precipitation accumulation. As algorithms continue 

to mature and refine, GPM datasets will be updated 

and reprocessed by the PPS throughout the GPM 

mission life.

GPM data produced by the PPS will be avail-

able to GPM partners and the wider international 

user community from a dedicated server as soon as 

they are generated. In addition, in cooperation with 

operational numerical weather prediction centers 

and data assimilation research organizations, NASA 

plans to provide the scientific research community 

level 4 precipitation data products from global fore-

cast models (Bauer et al. 2006) and precipitation 

assimilation systems (e.g., Hou and Zhang 2007). For 

certain hydrological applications that require multi-

satellite precipitation estimates at very high spatial 

and temporal resolutions, NASA has been develop-

ing techniques to assimilate satellite precipitation 

information into cloud-resolving models to produce 

dynamically downscaled precipitation analyses at 

1–2-km resolution for regional hydrological applica-

tions (e.g., Zupanski et al. 2010; Zhang et al. 2013) and 

to combine satellite and ground-based measurements 

into variable-resolution precipitation analyses that 

preserve precipitation extremes at native measure-

ment scales within the framework of probabilistic 

data fusion.
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SUMMARY. GPM is an international satellite 

mission that will unify and advance precipitation 

measurements by a constellation of research and op-

erational microwave sensors to set a new standard for 

global precipitation estimation from space. The GPM 

concept centers upon the use of coordinated measure-

ments from a network of microwave radiometers to 

provide the best possible global coverage and sam-

pling, and the use of combined observations from 

active and passive sensors from a common reference 

satellite—the GPM Core Observatory provided by 

NASA and JAXA—to improve the accuracy and 

consistency of precipitation estimates from all con-

stellation radiometers.

Building upon the success of TRMM, the GPM 

mission will provide a new generation of rain and 

snow data products in all parts of the world within 

3 h characterized by 1) more accurate instantaneous 

precipitation measurement, especially for light rain 

and cold-season solid precipitation; 2) intercalibrated 

microwave brightness temperatures from constellation 

radiometers within a consistent framework; and 3) uni-

fied precipitation retrievals from all constellation radi-

ometers using a common observationally constrained 

global hydrometeor database derived from GPM Core 

sensor measurements instead of model-generated hy-

drometeor databases used in current retrievals.

GPM is a science mission with integrated applica-

tions goals. GPM observations will quantify the space–

time variability of global precipitation with improved 

accuracy, coverage, and spatiotemporal resolution for 

studying the cycling of global water fluxes and their 

interactions with other climate components such as at-

mospheric transport, soil moisture, ocean salinity, and 

Earth’s radiation budget. By providing measurements 

of 3D structures of precipitation systems, GPM will 

offer insights into the development and intensification 

of storms and hurricanes, as well as the properties and 

regional variations of mesoscale convective systems. 

GPM will provide estimates of 3D latent heat release 

associated with precipitation processes for under-

standing their coupling with large-scale circulation 

features such as the Madden–Julian oscillation (MJO), 

El Niño–Southern Oscillation, and Hadley cells. The 

expanded dynamic range of GPM measurements rela-

tive to current capabilities will improve detection of 

subtle changes in precipitation characteristics such as 

the rain intensity spectra in a changing climate.

For societal applications, GPM will provide high-

resolution microwave imagery in near–real time 

for accurate geolocation fixes of storm centers to 

improve track prediction, as well as rain-affected 

radiances and precipitation retrievals for assimila-

tion into numerical prediction systems to improve 

operational weather forecasts. With the improved 

retrieval accuracy, especially over land in the mid- 

and high latitudes, and frequent sampling with 80% 

of observations less than 3 h apart over all latitudes, 

GPM will provide more accurate estimates of rainfall 

totals over continents to improve the monitoring and 

prediction of f loods, droughts, and landslides by 

hydrological models, as well as forecasting freshwater 

resources at basin scales, especially in many regions 

around the world where in situ precipitation gauge 

and radar networks are sparse.
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APPENDIX: LIST OF ACRONYMS

ATMS Advanced Technology Microwave Sounder

CEOS Committee on Earth Observation Satellites

CGMS Coordination Group for Meteorological Satellites

CMORPH Climate Prediction Center (CPC) morphing technique

DMSP Defense Meteorological Satellite Program
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DPR Dual-frequency precipitation radar

ECMWF European Centre for Medium-Range Forecasts

ESA European Space Agency

EUMETSAT European Organization for the Exploitation of Meteorological Satellites

FEWS Famine Early Warning System

GCOM-W1 Global Change Observation Mission–Water 1

GEO Group on Earth Observations

GEOSS Global Earth Observing System of Systems

GEWEX Global Energy and Water Cycle Experiment

GMI GPM Microwave Imager

GPCP 1DD Global Precipitation Climatology Project One-Degree Daily (GPCP 1DD)

GPM Global Precipitation Measurement

GSICS Global Space-Based Inter-Calibration System

GSMaP Global Satellite Mapping of Precipitation

GV Ground validation

HMT Hydrometeorology Testbed

IFNET International Flood Network

IFOV Instantaneous field of view

IGOS Integrated Global Observation Strategy

IGWCO Integrated Global Water Cycle Observations

IPWG International Precipitation Working Group

IR Infrared

JAXA Japan Aerospace Exploration Agency

JPSS Joint Polar Satellite System

LDAS Land Data Assimilation Systems

MADRAS Multi-Frequency Microwave Scanning Radiometer

MHS Microwave Humidity Sounder

MJO Madden–Julian oscillation

NASA National Aeronautics and Space Administration

NICT National Institute of Information and Communications Technology (of Japan)

NPOESS National Polar-Orbiting Operational Environmental Satellite System

NPP NPOESS Preparatory Project

NMQ National Mosaic and QPE (Quantitative Precipitation Estimate)

NRC National Research Council

NRL Naval Research Laboratory

NSF National Science Foundation

NSTC National Science and Technology Council

NWP Numerical weather prediction

PERSIANN Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks

PMM Precipitation Measurement Missions

PPS Precipitation Processing System

PR Precipitation Radar

SCaMPR Self-Calibrating Multivariate Precipitation Retrieval

SERVIR The Regional Visualization and Monitoring System

SSM/I Special Sensor Microwave Imager

SSMIS Special Sensor Microwave Imager/Sounder

TDRSS Tracking and Data Relay Satellite System

TMI TRMM Microwave Imager

TMPA TRMM Multi-satellite Precipitation Analysis

TRMM Tropical Rainfall Measuring Mission

USAID United States Agency for International Development

WCRP World Climate Research Program

WMO World Meteorological Organization
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