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Julien Nicolas - 30 April 2009
820.01 Satellite Meteorology
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� Context
� Precipitation occur in relatively small-scale precipitation systems evolving rapidly

� Therefore difficult to measure

� Precipitation currently measured from space by a number of instruments:
AMSR-E, AIRS, SSM/I, profiling radar onboard Cloudsat

� Research efforts towards frequent and global measurement of precipitation

� Accurate and homogeneous calibration still challenging

� The Global Precipitation Measurement mission
� designed to address these issues
� Continuation of an existing mission (TRMM)

� Still in the development stage (operational in 2013-2014)

� For this reason, no data currently available

� Review of basic principles of satellite remote sensing of precipitation and how 
they apply to the GPM mission
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� Tropical Rainfall Measuring Mission
� Launched in 1997

� Joint satellite mission between the US 
(NASA) and Japan (JAXA)

� High-inclination non-Sun-synchronous 
orbit 35ºN-35ºS

� precipitation radar + microwave 
radiometer

� Calibration platform for multi-satellite 
precipitation analysis (TMPA)

� Limitations
� Limited view of the Earth (tropical 

latitudes)

� Cannot measure frozen precipitation nor 
light rainfall
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Latest 3-hourly 
global rainfall from 
the TRMM-based 

Multi-Satellite 
Precipitation 

Analysis (T-MPA) 

Latest Week of 
Global Rainfall 

Accumulation from 
the TRMM-based 

Multi-Satellite 
Precipitation 

Analysis (T-MPA) 



�����
�����������
���
��
��

� Objectives
� Continuation/improvement of TRMM

� More detailed measurements of cloud 
structure and dynamics

� More frequent precipitation measurements 
on a global scale

� Provide integrated, uniformly-calibrated 
precipitation measurements

� Expected benefits
� Will extend TRMM’s observations to higher 

latitudes

� More frequent sampling (~3hr revisit time 
over 80% of the globe)

� Capacity to measure light rain rates and 
discriminate between rain and snow
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� One core satellite (“mother ship”)
� High-inclination orbit (65ºN-65ºS)
� Low altitude: 407 km
� Onboard: precipitation radar + MW radiometer
� Accurate measurements of precipitation
� Calibration reference for other precipitation 

sensors

� Constellation of satellites 
� Pre-existing satellites with their own scientific 

mission (“satellite of opportunities”)
� Equipped with precipitation sensing 

instruments
� Polar (low-inclination)orbits, 600-900 km 

altitudes
� Orbits crossed by the Core spacecraft to

allow calibration 
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� GPM Microwave Imager (GMI)
� 13 MW channels (10–183 GHz)

� Includes 4 new high-frequency channels

� Conical scan (Earth-incidence angle 52.8º)
� 885 km swath width

� GPM Dual-Frequency Radar (DFR)
� 13.6 GHz and (new!) 35.5 GHz radars

� 245 km (120 km) swath width

� 250 m (500 m) vertical resolution
� Overlapping of the central portion of the 

GMI swath 

� 3-dimensional observation of clouds
� Most accurate estimation of rainfall
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� Tropical cyclone (Hurricane Ivan, Sep. 2004) viewed from:

� TRMM microwave imager (left)

� TRMM precipitation radar (right)
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� [Zoom] Tropical cyclone (Hurricane Ivan, Sep. 2004) viewed from:

� TRMM microwave imager (left)

� TRMM precipitation radar (right)
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� Evolving satellite fleet allowing the 
best possible spatial and time 
coverage of the Earth’s surface

� Dedicated constellation member 
equipped with GMI will be provided 
by NASA (exp. launch 2014)

exp. core satellite 
launch date
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� Microwave spectrum (10-300 GHz)

� MW signature depends on cloud type

� Lower MW frequencies: 
� "emission channels“, � 40 GHz

� measure precipitation mainly from 
energy emitted by raindrops

� Higher MW frequencies:
� "scattering channels“, � 40 GHz

� gather energy scattered by ice 
particles above the freezing level
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� Above the freezing level:
� mixture of ice particles of different sizes
� Regime where the higher-frequency microwave 

channels most effective in observing precipitation. 

� Below the freezing level:
� As the larger ice hydrometeors begin falling through 

the freezing level, the resulting melting produces 
falling raindrops

� The lower-frequency microwave channels become 
the preferred observing tool. 
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� Passive infrared remote sensing:
� Measures energy emitted from cloud top

� No information about cloud structure

� Imperfect correlation with actual rainfall
� …But global, continuous, high-resolution coverage 

from geostationary satellites

� MW low-frequency channels:
� integrated emission from surface, clouds, atm. 

gases, hydrometeors 

� Over the ocean:
� Cloud emission > surface emission
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� Left: GOES infrared image off the East coast of the United States 

� Right: AMSR-E 37-GHz (microwave) image of the same area 
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� Over land:
� surface emission at 37 GHz has about the same 

magnitude as emissions from precipitation
� more difficult to detect precipitation over land 

� High frequency channels (� 85GHz):
� vertically integrated emission
� above the freezing level, attenuation due to 

scattering by ice particles
� Complement low-frequency channels to discriminate 

between hydrometeor types
� …And infer cloud vertical structure  
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� Precipitation radars:
� measure the direct backscatter from 

hydrometeors.
� provide a detailed vertical distribution of 

precipitation cloud particles within the cloud
� Two frequencies allow better discrimination 

between particles types and detection of light 
precipitation

� MW radiometers:
� no direct measurement of cloud vertical 

structure

� Vertical structure inferred from cloud models 
accounting for the observed emission 
(inversion problem)

� Numerous retrieval algorithms
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� Combined use of active/passive MW 
observation:
� knowledge of the vertical cloud structure used 

to retrieve precipitation rate from passive MW 
measurements

� TRMM/GPM core spacecraft used as 
calibration references

� Substantial increase in accuracy expected 
from GPM measurements
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� GPM website: http://gpm.gsfc.nasa.gov/index.html

� UCAR educational website microwave remote sensing:

http://www.meted.ucar.edu
� Michaelides S. (Ed.), 2008: Precipitation: Advances in Measurement, Estimation 

and Prediction. Springer 

Thank you…


