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• Examples of measurements 
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Rayleigh-Jeans Law 
corresponds to the Planck 
Law in the case of low 
frequencies, in which case 
(hν)/(kT)<< 1 allows the 
approximation  
 
 
 
Putting this into the Planck 
law gives  
   

Rayleigh-Jeans  

See http://hyperphysics.phy-astr.gsu.edu/hbase/mod6.html 

  
 

  

   
 

 

 



Microwave part of the spectrum 

The microwave region of the electromagnetic 
spectrum ranges from about 300 MHz to 300 
GHz (wavelengths from 1 meter to 1 mm). 
 



Scattering regimes 

χ = 2π a /λ  

  = q 



Microwave brightness temperature 
dependences 

Sketch of the variations of 
brightness temperatures 
(TB) measured by 
satellite–borne microwave 
radiometers as a function 
of various geophysical 
parameters. The arrows 
show the frequencies of 
the channels of the 
Scanning Multichannel 
Microwave Radiometer 
(SMMR). After Wilheit et 
al., 1980. 



Microwave sensitivities 

From Chelle Gentemann, Remote Sensing Systems. 



Microwave radiometers 
Electrically Scanning Microwave Radiometer (ESMR) on Nimbus 5 (1973-1976) 
Scanning Multichannel Microwave Radiometer (SMMR) on SeaSat  (1978) & 

Nimbus 7 (1978-1987). 
Special Sensor Microwave Imager (SSM/I) on DMSP Series (1987 ….) 
TRMM (Tropical Rainfall Measuring Mission) Microwave Imager (TMI) on 

TRMM (1998…) 
Advanced Microwave Scanning Radiometer (AMSR-E) on Aqua (2002-2011) 
Advanced Microwave Scanning Radiometer (AMSR) on Midori (2002-2003) 
Special Sensor Microwave Imager/Sounder (SSMIS) on DMSP F-16 (2005….)  
Advanced Technology Microwave Scanner (ATMS) on NPP (2011…) 
Advanced Microwave Scanning Radiometer-2 (AMSR-2) on GCOM-W 

(2012…) 
 



Microwave 
antenna 
patterns 

The spatial resolution is 
diffraction limited by the 

antenna size and the 
wavelength. 

This gives rise to side-
lobe contamination. The 

strong contrast near 
boundaries, such as 

coasts, means significant 
errors can occur. 



SSM/I 
• Measures microwave energy emitted from the 

surface of the earth or atmosphere.  
• Conical scan which results in a constant zenith angle 

of 53.1o at the surface of the earth.  
• The swath width is about 1400 km, about half of 

width of the corresponding visible and infrared 
swaths.  

• Measures at four frequencies, three of which are 
dual-polarized: vertical & horizontal. The brightness 
temperature differences between the horizontal and 
vertical polarizations often give useful information 
about meteorological and surface phenomena.  



SSM/I Channels 
Abbreviation Frequency 

(GHz) 
Resolution 

(km) 
   

19V 19.35 70x45 
19H 19.35 70x45 
22V 22.235 60x40 
37V 37.0 38x30 
37H 37.0 38x30 
85V 85.5 16x14 
85H 85.5 16x14 

 V = Vertical polarization 

H = Horizontal polarization 



SSM/I scan 

 



DMSP orbits 

SSM/I coverage 
in a 24h period 



SSM/I ocean surface winds. 

The wind speed algorithm developed by Goodberlet et al. (1989): 
 
WS=147.90+1.0969*TB19v - 0.4555*TB22v-                                     
                            1.7600*TB37v + 0.7860*TB37h 
 
where TB is the radiometric brightness temperature at the 
frequencies and polarizations indicated. 
 
All data where TB37v - TB37h < 50K or TB19h > 165K are  flagged.  
 
Goodberlet, M. A., Swift, C. T. and Wilkerson, J. C., "Remote 
Sensing of Ocean Surface Winds With the Special Sensor 
Microwave/Imager", J. Geophys. Res.,94, 14574-14555, 1989 



Wind Speed 
The microwave wind speed retrieval estimates the ocean wind speed by 

sensing the roughness of the ocean's surface caused by the surface wind. It 
does not give wind direction. Unless there is precipitation, the accuracy of 
the wind speed is 2 ms-1 or better.  

 
Wind speeds are not reliable >~20 ms-1 (40 kt). Thus, the microwave wind 

speeds can not be used for  intense storm systems or tropical cyclones. In 
these storms, rain contamination and high winds often combine to render 
the microwave radiometer winds nearly useless.  

 
Near coastlines, microwave side-lobe contamination makes the speeds useless. 

Values are only valid further away than about 50 nm (80 km) from shore. 
Sometimes on wind speed images this effect will be seen as a "fringe" or 
"ring" of higher values surrounding coastlines and islands. These are 
invalid wind speed estimates. 



Wind Speed 



Integrated water vapor 
Gives the total amount of water vapor in a column above a unit area from the 

surface of the ocean to the top of the atmosphere. Since the marine 
boundary layer (roughly the lowest 1 km of the atmosphere) usually holds 
the bulk of the water vapor, the integrated water vapor parameter heavily 
represents vapor in the boundary layer. 

It is generally considered to be as accurate as radiosonde values of integrated 
vapor. 

This parameter is useful over water only.  Side-lobe contamination within 
about 50 nm (80 km) to coastlines or islands. 

 
WV = a0 + a1 T19V + a2 T22V +a3 T37V + a4 (T22V)2 

 
a0 = 232.89292   a1 = -0.148596   a2 = -1.829125   a3 = -0.36954 
a4 = 0.006193  (sign wrong in referenced paper) 

 
Alishouse, J. C., S. A. Snyder, J. Vongsathorn, and R. R. Ferraro, 1990: 

Determination of oceanic total precipitable water from SSM/I. IEEE Trans. 
Geoscience and Remote Sensing, 28, 811-816. 



Integrated water vapor 



Water vapor from AMSR-E Loop from Remote 
Sensing Systems  
http://www.remss.com/ 



Integrated Liquid Water  
Depth of liquid water from the surface of the ocean to the top of the atmosphere. 

Integrated liquid water has magnitudes one or two orders of magnitude less than 
integrated water vapor. It is measured in kg m-2. 

It is also sometimes called cloud water because liquid water is responsible for low-level 
clouds, e.g. stratus, stratocumulus, cumulus, and fog. Therefore, integrated liquid 
water measures the water content of clouds that are responsible for much of the 
weather experienced in the lowest few kilometers of the marine atmosphere.  

Images yield patterns that should match water cloud patterns produced on more 
conventional satellite images, such as daytime visible images.  

The integrated liquid water parameter has several disadvantages. First, it is not as 
accurate as some of the other marine parameters, notably integrated water vapor 
and surface wind speed. Most validation studies of this parameter have been 
performed over uniform marine stratus with relatively low liquid water contents. 
Thus, it is relatively untested in cloud systems with large liquid water contents. 
Large values of this parameter indicate precipitation and mark regions where the 
retrieved values are not accurate.  

The liquid water parameter may have difficulty with thin water clouds of low water 
content and may not be able to distinguish these cloud systems from a cloud-free 
ocean background.  

 

CLW = Sai Ti    i=1,7 
 

Alishouse et al, 1990. Determination of cloud liquid water using  SSM/I. IEEE Trans. 
Geoscience and Remote Sensing, 28, 817-822. 



Integrated Liquid Water 



Convective (Cold) Rain 
There are two basic mechanisms responsible for the ability to image precipitation at the 

SSM/I frequencies. Scattering by precipitation-sized ice particles above the freezing 
level causes microwave radiometers to register lower brightness temperatures than 
the cloud background. Emission by raindrops below the freezing level produces 
warmer brightness temperatures than in the surrounding areas. The ability to image 
convective precipitation depends of the scattering signature. The scattering flag is 
based on the 85 GHz channels, which have high spatial resolution. Thus, relatively 
small-scale detail such as convective cores within thunderstorms can be identified.  

There are two main disadvantages to the microwave convective scattering flag. First, it 
cannot be used to estimate the quantitative amount of precipitation that is falling. In 
fact, it may not even tell whether precipitation is reaching the ground at all. 
Convective precipitation may be falling aloft and produce a signature on a 
convective scattering flag image, but may evaporate before reaching the ground. 
Another difficulty is that some precipitation systems may not have an important ice 
phase aloft but still be producing rain at a significant rate near the surface. The 
convective scattering flag may not identify these systems well. Over open oceans 
the convective rain flag may be supplemented with the stratiform flag. Thus, if rain 
without a overlying ice phase is occurring, the stratiform flag can provide the 
information the convective scattering flag missed. However, over land there is no 
way of ascertaining how much stratiform rain might be missed by the convective 
precipitation flag, since the stratiform flag does not operate there. 



Stratiform (Warm) Rain 
The stratiform rain flag is based on the 37 GHz (horizontal polarization) channel with 

brightness temperatures greater than 190 K. It can distinguish clouds without rain 
(or which contain only drizzle) from those which contain significant precipitation. 
It is valid over water only. The stratiform rain flag only tells whether rain is 
probably occurring in a given region; it does not indicate the rain rate. There are 
algorithms developed in the research community that do give rain rate; however, 
these are of limited accuracy. 

The stratiform rain flag is based on the signal given off by rain drops near the surface 
of the ocean. Therefore unlike the convective rain flag which senses snowflakes 
above the freezing level, the stratiform rain flag senses information in the lowest 
portions of precipitating cloud systems.  Accordingly, if there is precipitation aloft 
in a cloud system in the form of snowflakes, but this precipitation evaporates before 
melting, the stratiform rain flag will not detect the precipitation. 

The stratiform rain flag has several disadvantages: 
– it is only useful over ocean.  
– it can only flag probable precipitation; it can not give rain rate. 
– it may not distinguish well between drizzle and heavier rain.  
– it is based on the 37 GHz channel which has a large footprint size. Thus, 

precipitation over a small portion of the pixel may not register as rain. 



Rain rate  



Retrieval errors 
• Retrieval of geophysical parameters is a 

combination of the measured brightness 
temperatures, so errors in the retrievals can be 
correlated. 

• Rather than independent retrievals, all can be 
retrieved in one algorithm: Wentz, F. J., 1997. A 
well-calibrated ocean algorithm for SSM/I, 
Journal of Geophysical Research, 102, 8703-
8718. 



Sea Ice 
Microwave radiometry gives useful information about sea ice coverage at a 

resolution of 25 km to 6km.  
Exploits the emissivity differences between sea ice and open water. 
Unlike visible and infrared satellite images, it can be used in all seasons and 

at all times of day, independent of clouds. It can show the ice edge with a 
high degree of accuracy.  

Since ice coverage changes fairly slowly (in comparison with 
meteorological changes), the twice-a-day coverage can give a relatively 
complete depiction of ice edge position at a given location. 

There are several disadvantages of the microwave sea ice cover: 
–water clouds, prevalent in some polar areas during the summer, can 

degrade the quality of sea ice retrievals.  
–cannot resolve small ice floes or ice bergs of interest to navigation.  
–while the ice edge is usually specified very accurately, the total ice 

coverage at a specific point is often not accurate because the differing 
emissivities of sea ice are sometimes not accounted for well in 
algorithms 



Infrared and Microwave Brightness 
Temperatures 

September 1981 

Much more contrast in microwave than thermal infrared - more information 
available in the microwave measurements. 

SMMR 18 GHz AVHRR 11.5 μm 

-73oC 

7oC 282K 

132K 



Microwave emissivity of ice 



Brightness temperatures – dependences on 
surface type, season and frequency 

O = open water 

F = First year ice 

M = Multiyear 
ice 



3D 
scatter 
plots 

O = open water 

A = First-year ice 

D = Multi-year ice 

C, B, E = different ice 
conditions, including sub-
pixel mixtures 

W = Wet snow, or melt 
ponds on ice 



Spatial 
resolution 

Spatial resolution in the 
microwave images relatively poor. 

Generally oversampled to a higher 
resolution grid, typically 25 km or 
6.25 km 

Microwave data less influenced by 
clouds, and contain 
complementary information to the 
visible or infrared imagery. 



AMSR-E 
Arctic ice 
animations 

From University of Bremen: 

http://www.iup.uni-
bremen.de:8084/amsr/#Animations 



Arctic Sea Ice Time Series 



New minimum in 2011. 



New minimum in 2012? 





From Tom Agnew, 
Climate Research Branch, 
Meteorological Service of 
Canada 



TRMM – Tropical 
Rainfall Measuring 

Mission 
The Tropical Rainfall Measuring Mission (TRMM) is a 
joint mission between NASA and the Japan Aerospace 
Exploration Agency (JAXA) designed to monitor and 
study tropical rainfall. Launched 27 November 1997. 
 
    * Precipitation Radar (PR) 
 
    * TRMM Microwave Imager  (TMI) 
 
    * Visible Infrared Radiometer (VIRS) 
 
    * Cloud and Earth Radiant Energy Sensor  (CERES) 
 
    * Lightning Imaging Sensor  (LIS) 
 
http://trmm.gsfc.nasa.gov/ 



TRMM Microwave Imager 
• Derived from SSM/I. 
• The TMI measures the intensity of radiation at five 

separate frequencies: 10.7, 19.4, 21.3, 37, 85.5 GHz.  
• 878 km swath.  
• September 2001, the TMI orbit was boosted from an 

altitude of 350 km to 400 km.  
• Errors in the knowledge of the satellite roll and pitch, 

particularly right after the 2001 orbit boost.  
• Data from 40oS to 40oN. 



TMI Sea Surface Temperatures 

TMI has a 10.7 GHz channel which is sensitive to SST in warm water.  

http://www.remss.com/tmi/tmi_3day.html 



AMSR-E on EOS-Aqua 

AMSR-E 

MODIS 

Aqua launched 4 May 2002, 
terminated on October 4, 2011. 

Low frequency SST sensitivity  means 
very large antenna is needed for even 
moderate surface resolution. 

Offset parabolic reflector, 1.6 m in 
diameter, and rotating drum at 40 rpm 

But side lobe contamination is a 
significant issue, especially in coastal 
regions. 

http://aqua.nasa.gov/ 

http://aqua.nasa.gov/about/instrument
_amsr.php 



AMSR-E: Advanced Microwave Scanning 
Radiometer for EOS. 

 

http://www.ghcc.msfc.nasa.gov/AMSR/ 



Microwave SSTs 



Global microwave SSTs 



AMSR-E SST Loop from Remote 
Sensing Systems  
http://www.remss.com/ 



TMI microwave SST 

From: Wentz, F.J., C. Gentemann, D. Smith and D. Chelton, 2000. Satellite measurements 
of sea-surface temperature through clouds. Science, 288: 847-850. 
 



Blending of infrared and microwave SSTs 
 
AMSR-E  MODIS  10km OI SST 

From Chelle Gentemann 



AMSR-2 on GCOM-W1 



AMSR-2 data 

http://suzaku.eorc.jaxa.jp/GCOM_W/w_amsr2/whats_amsr2.html 



AMSR-2 Arctic Sea Ice 



The A-Train 



Aquarius 
•Aquarius is a focused satellite 
mission to measure global Sea 
Surface Salinity (SSS). 
Scientific progress is limited 
because conventional in situ 
SSS sampling is too sparse to 
give the global view of salinity 
variability that only a satellite 
can provide. 
•Aquarius will resolve missing 
physical processes that link the 
water cycle, the climate, and 
the ocean.  
•Launched June 10, 2011. 

http://aquarius.nasa.gov/ 



Aquarius specifications 



Aquarius – SAC-D 



Aquarius Instrument 1 



Aquarius Instrument 2 



Aquarius Overview 



Aquarius Sea-Surface Salinity 

First map of global ocean Sea-surface Salinity from the Aquarius microwave 
radiometer. 



Aquarius Sea-Surface Salinity 



SMOS Sea-Surface Salinity 

Annual Average Sea Surface Salinity map at 0.25°x0.25° resolution deduced from SMOS satellite 
data for the year 2010. (http://www.salinityremotesensing.ifremer.fr/) 



Useful Texts 
GC10.4.R4  

 
Measuring the Oceans from Space: The principles and methods of satellite oceanography 
 Ian Robinson, 2004 
 
An Introduction to Ocean Remote Sensing, Seelye Martin, 2004  
 
Microwave Remote Sensing:  Active and Passive (3 vols), Ulaby, F. T., R. K. Moore, and A.K. Fung, 

1981-1986 
 
Satellite meteorology: an introduction, Kidder, Stanley Q and Thomas H. Vonder Haar, 1995 
 
Methods of satellite oceanography, Stewart, Robert H. 1985 
 
Introduction to satellite oceanography, Maul, George A, 1985 
 
Oceanographic applications of remote sensing, Ikeda, Motoyoshi and Frederic W. Dobson, 1995 
 
Atlas of satellite observations related to global change, R.J. Gurney, J.L. Foster, C.L. Parkinson (eds), 

1993 
 

Our Changing Planet, the View from Space, M. D. King, C. L. Parkinson, K. C. Partington and R. G. 
Williams (eds), 2007 

 

61 MPO 542 Physics of Remote Sensing               
© University of Miami, RSMAS, 2005-2011 



All for now…. 
 
Questions? 



Solar contamination 

On November 4, 2003, at approximately 19:47 UTC, the largest solar flare event ever recorded erupted. The extremely intense 
radiation coming from the flare saturated x-ray detectors for 11 minutes. The same hyper-accelerated solar electrons that are 
responsible for the x-ray burst also emit intense microwave radiation. This burst of solar microwaves, traveling from the sun 
to the Earth in 8 minutes, reflected off the ocean surface and was seen by the TRMM microwave imager (TMI). The radiation 
was so intense that it saturated the 11-GHz TMI channels. 

Remote Sensing Systems (RSS) detected this event during a routine data quality check that revealed anomalous geophysical 
retrievals. RSS processes TMI data into a suite of ocean products, including ocean temperature, wind speed, atmospheric 
water vapor, cloud, and rain rates, for use in weather forecasting, climate modeling, and scientific research. The erroneous 
ocean retrievals were traced back to exceptionally high microwave radiances coming from the solar flare. 

Imagine looking at the ocean on a sunny day. When you look at a certain angle, you see the sun’s reflection. This angle is the 
specular reflection angle. Occasionally the satellite’s viewing angle matches the specular reflection angle. Serendipitously, 
TMI was looking at the specular reflection of the sun at the time of the solar flare event. The 11-GHz solar reflection as seen 
by TMI increased more than 100-fold during the 11-minute flare. 

 

http://www.remss.com/rss_research/tmi_solar_flare.html 



MODIS 4µm SST Composite 



Integrated 
water vapor 

Coefficients in algorithm are 
derived by comparison with 
radiosonde measurements.  

These are also used to 
determine the accuracy of the 
microwave retrievals. 



Planck Function 

  



DMSP Sensors 
OLS - Operational Linescan System  
SSM/I - Special Sensor Microwave Imager (on F-17 this is replaced 

with SSMIS - Special Sensor Microwave Imager/Sounder) 
SSM/T - Special Sensor Microwave Temperature Sounder (not on 

F17) 
SSM/T-2 - Special Sensor Microwave Water Vapor Profiler (not on 

F17) 
SSIES - Special Sensor Ion and Electron Scintillation Monitor  
SSJ/4 - Special Sensor Precipitating Electron and Ion Spectrometer  
SSB/X-2 - Special Sensor Gamma/X-Ray Detector  
SSM - Special Sensor Magnetometer 
 



Defense Meteorological Satellite Program 
(DMSP) 

Satellite F17 
DMSP Satellite F17 is in a near circular, sun synchronous, polar orbit. 
               temporal coverage: 4 November 2006 to present  
               maximum altitude: 855 km  
               minimum altitude: 841 km  
               inclination: 98.8 deg  
               period: 102.0 minutes  
               eccentricity: 0.00096 
               ascending equator crossing time (local time):  
                    at launch: 17:31  
  swath width:  
                    visible and infrared imagery: 3000 km  
                    microwave imagery: 1400 km  
                    temperature sounder: 1500 km  
                    water vapor profiler: 1500 km  
               launch date: 04 November 2006 



Time of measurement 



AMSR-E Ocean Products 
Wind Speed 

Water Vapor Cloud  

SST Rain Rate 


