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Lecture	19:	Operational	Remote	Sensing	
in	Visible,	IR,	and	Microwave	Channels



Before	you	use	data	from	any	remote	
sensing	instrument,	you	should	know...

1.	Frequencies/Channels:	visible,	IR,	microwave,	or	
other...

2.	Footprints	on	each	channel:	spatial	resolution

3.	Scanning	geometry:	conical	or	cross-track	or	along	
track

4.	Measured/retrieved	physical	parameters

5.	Data	dimensions



When Does Scattering Matter?

In general, 
particles that are 
far smaller than 
the wavelength 
will scatter only 
very weakly.
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Spectrum: wavelengths around 0.5 µm 

Rain or cloud droplets are geometric or Mie scatters 
(r>>λ), so we use reflection/refraction to replace 
scattering. A cloud only a few of tens meters thick is 
sufficient  to scatter all of the visible radiation incident  
on it.

Absorption is negligible.

So visible channels detect sunlight reflected by 
clouds and the earth's surface -- REFLECTANCE. 

Visible Channels



Visible Image Interpretation
Thick clouds (White) are 
bright in the visible 
imagery because thicker 
clouds generally have 
higher reflectance. 

High clouds (White) are 
often semi-transparent 
and low clouds (Yellow) 
can be seen through 
them. 

The land surface 
(Yellow) reflects sunlight 
less than clouds but 
more than the sea 
surface (Blue). 



Spectrum: usually referred as the 10-12.5 µm window, in which the 
atmosphere is relatively transparent to the long-wave radiation from 
the Earth. 

IR sensors from space measure the thermal IR emission (radiation) 
from the Earth surface & clouds. 

The measured radiation can be converted to brightness temperature 
(TB) using Planck’s function. In IR channel, both clouds and Earth 
surface act as blackbody. So TB  is equal to actual physical 
temperature.

The higher the temperature of clouds or earth surface is, the stronger the 
measured infrared radiation. High clouds are very cold, while low clouds 
are much warmer. Thus, both the temperature and the height of the cloud 
top can be derived from the intensity of the infrared radiation. 

IR Channels



Absorptivity of the Atmosphere



IR Image Interpretation
Thick clouds, such as those 
associated with the typhoon, 
look white (lowest 
temperature).

High clouds, which look semi-
transparent in the visible 
imagery, are also shown white 
or yellow. 

Low clouds are displayed as 
red. They may have 
temperatures close to that of 
the underlying ocean and are 
more difficult to identify in the 
infrared than in the visible 
imagery. 

The desert in Australia is 
much hotter  (black) than any 
cloud and shows up clearly. 



• Spectrum: water vapor absorption band around  6.7 µm.

• As absorption by water vapor is strong in this band, radiation from the low 
clouds and the earth's surface do not normally reach the satellite. 

• The intensity of the radiation received at these channels depends 
on the amount of water vapor in the upper and mid-troposphere as 
well as the temperature of the radiation source. Water vapor image 
does not only represent moisture, it is proportional to the mean 
temperature where roughly the top 3 mm of precipitable water exists. 
Both moisture and temperature are important factors.

•The temporal changes of the humidity patterns can identify air movement 
and vortices even in the absence of clouds. 

IR Water Vapor Channels



Water Vapor Image Interpretation
The brighter parts show the 
moister parts of the upper and mid-
troposphere. 

Thick clouds and high clouds are 
seen white (similar to IR and visible 
images). The earth's surface and 
low clouds are  undetectable .

Grey shades corresponding to 
water vapor amounts are seen 
where there are no high and middle 
clouds. 

In the southern hemisphere, dark 
areas can be seen, associated with 
dry upper air. 

Many vortices of grey shades are 
also seen, associated with upper 
tropospheric lows. 































TPW Skin Temperature
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Satellite Imagers and Sounders
� Imagers:  measure the horizontal field of meteorological 

parameter(s); no vertical information
� Sounders:  are able to measure temperature and moisture 

changes with height.  Sounders from the past two decades used 
about 20 spectral bands, while current sounders are 
hyperspectral, i.e., they use an order of magnitude more bands. 
For example, the polar-orbiting NASA Atmospheric Infrared 
Sounder (AIRS) uses 65 spectral radiances for temperature, 42 
for water vapor, 26 for ozone, and 23 for surface temperature. 
Hyperspectral sounders provide profiles of about 1K/1-2km 
depth.  





Non-raining clouds are nearly transparent (no absorption, no 
scattering) in microwave band, but raining clouds are not. Thus 
microwave is very useful to detect convection and precipitation.

Passive microwave sensors detect the microwave scattering and 
emission signatures of liquid water or ice particles.

In 10 GHz channel, ice scattering can be neglected. Only 
emission from rain and liquid water  and background (ocean or 
land) is significant.

The 19 and 37 GHz channels are sensitive to both emission from 
rain particles and scattering from ice particles.

The 85 GHz and above channels are mainly sensitive to 
scattering from ice particles.

Precipitation and Convection Detection 
by Microwave Channels



Unlike the infrared where convection appears cold, and the sea 
surface warm, in the microwave both deep convection and the sea 
surface can be cold.

PCT (Spencer et al. 1989 ) is defined by a combination of V & H 
brightness temperatures to remove the cold sea surface effect.

In Navy Research Lab (NRL)’s Tropical Cyclone satellite webpage, 
the 37color product is generated from the combination of 37 PCT, 
horizontally  and vertically polarized brightness temperatures. The 
sea surface appears dark green, warm rain and low-level clouds 
appears as cyan, and deep convection appears as pink. 

37 and 85 GHz Polarization 
Corrected Temperature (PCT)



At 37 GHz:
1. Water clouds and 
precipitating clouds 
appear warm against a 
relatively cold ocean

2. Imagery resolves 
details missed by 85-91 
GHz, for example,  low-
level clouds and rain

37 GHz Image Interpretation

Typhoon Damrey 
(2000) by TRMM



TRMM 37 GHz & 85 GHz Images 
for Hurricane Danielle (2004)

37	GHz	Color H37	(K)	 V37	(K)	

PCT37	(K)	 PCT85	(K)	 PR	Reflectivity	



and ice water path..



At 85-91 GHz:
1. Deep convection appear 

relatively cold

2. Imagery can penetrate thin 
cirrus canopies and reveal 
internal storm structure

3. Imagery is able to distinguish 
deep convection, but can not 
always see low-level circulations 
which are associated primarily 
with low-level water clouds

4. Spatial resolution is higher 
than for imagery at lower 
microwave frequencies

85 GHz Image Interpretation

Hurricane Gustav 
(2008) by AMSRE





TRMM 10, 19, 37, 85 GHz: Hurricane Isabel (2003)



















Summary of Characteristics of some 
Passive Microwave Instruments 

SSM/I AMSU-B TRMM 
TMI

AMSR-E

Spectral 
bands

19, 22, 37, 
85 GHz

89, 150, 
and three 
at ~ 183 

GHz

10.7, 19, 
22, 37,
85 GHz

6.9, 10.7, 
18.7, 23.8, 
36.5, 89 

GHz
Horizontal 
Resolution
(at nadir)

12.5 -
50km

16.3km 4.6 x 6.95 
km at 85.5 
GHz to 45 
km at 10.7 

GHz

6 x 4km at 
89GHz to 
74 x 43 
km at 

6.9GHz
Swath
Width

1400km 2343 km 780 km 1440 km



Precipitation Retrieval from 
Satellite Observations



Rainfall Retrieval from IR

IR cloud top temperatures are averaged over various areas and times. 
Those averages are then compared with rain-gauge precipitation 
measurements to arrive at an operational temperature-precipitation 
correlation. One example of this is the GOES Precipitation Index (GPI).

Advantage: High temporal resolution

Disadvantage: Clouds with high cloud top temperature is not necessarily 
clouds producing heavy rainfall. 



Rainfall Retrieval from Passive 
Microwave: Emission-based

Emission-based algorthms 
are based on 10 & 19-GHz 
or lower channels.

Advantage: Nearly linear 
relationship up to 50 mm/h 
without saturation at 10 
GHz 

Disadvantages: 
1.Low spatial resolution: 
72x43 km^2 at 10GHz; 
35x21 km^2 at 19 GHz;  
Beamfilling problem.
2. Doesn’t work for over 
land

McGaughey et al. 1996



Rainfall Retrieval from Passive 
Microwave: Scattering-based

Scattering-based algorithms 
use microwave observations 
at high frequencies (greater 
than 37 GHz). 

Advantages: 
1. Higher spatial resolution;
2. works for both over land 
and over ocean.

Disadvantage: 
The direct relationship is 
actually between Tb and total 
ice water instead of rain rate.

Spencer et al. 1989



Rainfall Retrieval from TRMM 
Satellite Precipitation Radar

TRMM PR 2A25 rain algorithm:  
Assuming different particle size 
distributions for different rain 
types to get Z-R relationships.

Advantages: 
1. Higher spatial resolution: 4~5 
km;
2. 3D structure;
3. works for both over land and 
over ocean;
4. Generally, it’s more accurate 
than passive microwave 
retrievals. 

Disadvantage: 
PR’s swath is narrow: 217 km





Satellite Microwave Instrument 
Scan Strategies and Viewing 

Geometry
NCAR COMET lecture (you need to register, it’s free!):

http://stream1.cmatc.cn/pub/comet/QPF-
QPE/microwave/comet/npoess/microwave_topics/resourc
es/print.htm#s5p0

Review section 5.1-5.13 of the above link


