
Spectral Bands And Their 
Applications

Lecture B of HPTE

Presenter
Presentation Notes
This lecture will deal with understanding the various spectral bands available from meteorological satellites and their uses.  It is written as a companion lecture to lecture A, and several of the examples used are the same as with that lecture.  This lecture, along with lecture A provides background materials for lectures C and D.

For space based remote sensing systems four critical questions must be addressed.  They all deal with resolution and by their very nature are focused and driven by a variety of user needs, the desire for advanced applications and a continuing quest for knowledge.  Those resolutions are: 1) spatial – what picture element size is required to identify the feature of interest, what is its spatial variability, and over what scale must it be observed; 2) spectral - each spatial element has a continuous spectrum that may be used to analyze the earth’s surface and atmosphere, what portions of the spectrum and what spectral resolutions are needed for a particular application; 3) temporal – how often the feature of interest needs to be observed; and, 4) radiometric – signal to noise, or how accurately does an observation need to be;  

Each of the above resolution questions must be addressed in the context of an evolving space based observing system within which the satellite(s) exists, or will exist.  For some applications, optimal resolutions may not be attainable from any one satellite, but may be approached using data from a series of satellites.  Similar reasoning may be applicable for many of the requirements that satellites are designed to meet[2] – requirements are normally for an observation of a certain phenomena, within resolutions similar to those above (spatial, temporal and acceptable accuracy).  
� [2] How a requirement is satisfied, or conceptualized, may take on an entirely different meaning if it is addressed from a satellite system concept, rather than a single satellite viewpoint.  The approach of using various satellite assets was addressed by TRMM during the later portion of its life where combinations of active and passive microwave data and visible and infrared data from different polar orbiting and geostationary satellites were used to derive daily global rainfall.  Combining observations from a specialized constellation of satellites is part of the planning for the Global Precipitation Mission.



Focus

• Major focus of Lecture B is visible, near infrared 
and infrared data since those are the types data 
most NMHSs receive on a routine basis

• At the end there is a section on microwave data 
and products as well as active sensors
– For in depth information concerning the microwave 

portion of the spectrum and its applications see the 
lectures in the tutorials portion of the Virtual Resource 
Library

Presenter
Presentation Notes
Session Goals
You should be able to:
Understand the difference between visible, near infrared and infrared radiation (channels)
	Understand the influence of surface and atmospheric properties on what we view with a satellite sensor
Understand the basic underlying principals behind channel selection and the factors that influence channel selection
Spectral resolution
Spatial resolution
Temporal resolution
Radiometric resolution
Ground based considerations
Understand what information can be obtained using the various satellite channels available from operational and research satellites
Understand how to interpret data from various channels individually and in combination with other channels
Understand the difference between multi-spectral and hyper-spectral data

Resources
Information from Virtual Resource Library
	Text,  several tutorials and PowerPoint lectures that together cover this topic in detail
Links to imagery and products from the VRL as well as Sponsor and Center of Excellence sites
Lecture materials to accompany presentation 
Accompanying hydra lab for inspection and manipulation of multispectral  data 




Goals
• Understand the difference between visible, near infrared 

and infrared radiation (channels)
– Understand the influence of surface and atmospheric properties on 

what we view with a satellite sensor
• Understand the basic underlying principals behind channel 

selection and the factors that influence channel selection
• Understand what information can be obtained using the 

various satellite channels available from operational and 
research satellites

• Understand how to interpret data from various channels 
individually and in combination with other channels

• Understand the difference between multi-spectral and 
hyper-spectral data

Presenter
Presentation Notes
These are the goals.  While this lecture is abbreviated, there are extensive resources within the Virtual Resource Library that address the topic.



Resources 

• Information from Virtual Resource Library
– Text,  several tutorials and PowerPoint lectures 

that together cover this topic in detail
– Links to imagery and products from the VRL as 

well as Sponsor and Center of Excellence sites
• Lecture notes accompanying presentation 
• Hydra lab for inspection and manipulation 

of multispectral  data 

Presenter
Presentation Notes
Other resources available on this topic.
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Radiance versus wavelength for blackbodies at 6000 
K (sun) and 300 K (earth), notice 3.9 μm region

Today’s satellites 
measure energy in 

spectral regions 
ranging from the 
visible portion of 

the electromagnetic 
spectrum to the far 
infrared and into 

the microwave 
region

At visible wavelengths, that energy is only reflected solar radiation; at far infrared 
wavelengths, that energy is only emitted terrestrial radiation. However for short 
wavelength infrared channels near 3.9 um energy measured by the satellite can be 
a mixture of reflected solar and earth emitted radiation during daytime.

Presenter
Presentation Notes
Satellites measure energy in spectral regions ranging from the visible portion of the electromagnetic spectrum to the far infrared. At visible wavelengths, that energy is only reflected solar radiation (radiation from the sun which is reflected by the earth's surface and clouds); at far infrared wavelengths, that energy is only emitted terrestrial radiation. However for the short wavelength infrared channel, the 3.9 um spectral band, energy measured by the satellite can be a mixture of solar radiation that is reflected by the earth's surface or clouds and radiation that is emitted by the earth's surface or clouds.   

Figure 2a shows the Planck blackbody radiance curves for the sun (6000 K) and the earth (300 K). The energy received from the sun at the top of the atmosphere is represented by the area under the left-hand curve, and energy emitted by the earth is represented by the area under the right-hand curve. If all the sun's energy reaching the earth were reflected back to the satellite, a satellite detector would sense the values represented by the solar curve (the left side of Fig. 2a). However, as shown on the next slide, about 50% of the sun's energy is selectively absorbed by various atmospheric constituents (ozone, water vapor, molecular oxygen, carbon dioxide, certain aerosols) and the earth's surface. The remainder is scattered back to space by aerosols and reflected by clouds and the earth's surface. That scattering and reflection is a function of wavelength and the particular constituent (cloud phase/droplet size, soil type, etc.) with which the interaction is occurring. This reflected and back scattered solar energy can be detected by a satellite sensor. The vertical lines in the figure locate the spectral region sensed by GOES in the 3.9 um band (as will be seen later, most satellites have a spectral band in this region, but with slightly different centering and width). Satellite detectors do not measure energy at a single wavelength, the GOES imagers' 3.9 um channel extends from 3.78 - 4.04 um. In the figure, notice that satellite measurements in the 3.9 um band are a combination of earth emitted and solar reflected radiation.




Surface and atmospheric properties effect what we view with 
a satellite sensor (solar left, emitted IR right)

Presenter
Presentation Notes
Refer to discussion with previous slide to track radiation in the visible to near infrared portion of the spectrum through the daytime atmosphere (left), and infrared portion of the spectrum (night and day, right). Note that all radiation is either absorbed, reflected or emitted.  It is instructive to realize that at different wavelengths (visible, near infrared, and infrared) that there are differences in surface, atmospheric and cloud properties (absorption, reflection, emission) that lead to differences in appearance of imagery in the various spectral bands .  



Today we’re digital (brought forth in Lecture A)
AND MULTISPECTRAL

Presenter
Presentation Notes
Each spatial element has a continuous spectrum that may be used to analyze the earth’s surface and atmosphere; which portions of the spectrum and what spectral resolutions are needed for a particular application are among the most basic questions that must be answered when utilizing data from a composite space based observing system.  The multispectral nature of today’s imagers allow us to use different combinations of the digital data to derive information about the earth and its atmosphere.
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One advantage of digital data: Image 
Enhancement: Helping the eye detect

Overshooting thunderstorm tops and cloud top temperature

Color 
bar with 
warm on 
left and 
cold on 
right

Presenter
Presentation Notes
Most basic is obtaining information from a single channel.  One advantage of digital imagery is illustrated here.  The picture above is enhanced imagery of a thunderstorm from a GOES satellite that was taken late in the daytime.  Because the data are digital, they may be selectively enhanced to highlight certain features as above.  In the visible image (bottom) the black to white contrast has been maximized over the thunderstorm anvil so that the overshooting turrets stand out with their corresponding shadows, while in the infrared image the color enhancement is confined to anvil temperatures which results in highlighting the colder regions, mostly associated with the overshooting domes apparent in the enhanced visible image. 



Investigating with Multi-spectral
Combinations

Being digital and multispectral 
allows for identification of features 

by taking advantage of their 
spectral signatures

Given the spectral response 
of a surface or atmospheric feature

select a part of the spectrum 
where the reflectance or absorption 

changes with wavelength

e.g. reflection from grass and 
vegetation

If 0.65 μm and 0.85 μm channels see 
the same reflectance then surface 

viewed is not vegetation; 
if 0.85 μm sees considerably higher 

reflectance than 0.65 μm then surface 
might be vegetation

refl

0.72 μm

0.65 μm

0.85 μm

Grass & vegetation

Presenter
Presentation Notes
Multispectral digital imagery allows for discrimination of various features depending on the wavelength combinations chosen for analysis due to differences in spectral signatures at the different wavelengths.  For example, many of today’s satellite imagers, particularly MODIS,  have spectral bands that are either above or below step function increases or decreases in the reflectivity of vegetation (note increases above 0.72 um) or snow/ice (note decreases above 1.4 um).  The same is true for many of today’s operational polar satellites, and is true for METEOSAT Second Generation which is in geostationary orbit. Multispectral data can be used to reveal the extent of vegetation and snow/ice in the various regions of the globe.




Being digital and multispectral 
allows for identification of features 

by taking advantage of their 
spectral signatures

Investigating with Multi-spectral
Combinations

Given the spectral response 
of a surface or atmospheric feature

Select a part of the spectrum 
where the reflectance or absorption 

changes with wavelength

e.g. reflection from grass and 
vegetation

If 0.65 μm and 0.85 μm channels see 
the same reflectance then surface 

viewed is not vegetation; 
if 0.85 μm sees considerably higher 

reflectance than 0.65 μm then surface 
might be vegetation

refl

0.72 μm

0.65 μm

0.85 μm

Grass & vegetation

Presenter
Presentation Notes
This example is Normalized Derived Vegetation Index (NDVI) for a 10 day period from NOAA’s AVHRR over Southern Africa.  The 10 day period is used to help in the selection of cloud free pixels.  The color scheme has vegetated as dark to lighter green, while the brown is none or very sparse vegetation.



Many satellites have channels to derive 
vegetation information as well as land surface 
characteristics.  Well known are SPOT and 
LANDSAT.  Above are shown vegetation and 
change maps for the area in the previous 
slide.  To the left is a 1 km resolution 
vegetation map (right) and true color image 
(left) of the same region, taken from 12:10-
12:25 UTC by Aqua’s MODIS.  Note that the 
AVHRR and MODIS examples are not the 
same scale or map projection.

Presenter
Presentation Notes
The small boxes at the bottom left are the areas covered by the two MODIS granules.  The data were gotten from the NASA rapidfire site that has both current and retrospective MODIS data available.  The site can be linked to through the Virtual Resource Library’s Product section. 



Investigating with Multi-spectral
Infrared Combinations

Given the spectral response 
of a surface or atmospheric 
feature select a part of the 

spectrum where the absorption 
changes with wavelength

e.g. transmission through dust 
cloud or volcanic ash

If 12 μm sees considerably higher 
BT than 11 μm then the atmosphere 
probably contains dust or volcanic 

ash; if 11 μm sees the same or 
higher BT than 12 μm the 

atmosphere viewed does not contain 
dust cloud or volcanic ash.
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Presenter
Presentation Notes
Multispectral infrared data can also be used to identify various land and atmospheric features.  The method is similar to that used in the vegetation example previously shown.



Investigating with Multi-spectral
Combinations

Given the spectral response 
of a surface or atmospheric 

feature

Select a part of the spectrum 
where the reflectance or 
absorption changes with 

wavelength

METEOSAT movie of large dust 
storm over Africa

If 12 μm sees considerably higher 
BT than 11 μm then the atmosphere 
probably contains dust (as above) or 
volcanic ash; if 11 μm sees the same 

or higher BT than 12 μm the 
atmosphere viewed does not contain 

dust cloud or volcanic ash; 

trans

11.5 μm

11 μm

12 μm

Volcanic Ash
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Presenter
Presentation Notes
False color images from MSG channels. Left: 12.0-10.8 (R), 10.8-8.7 (G), 10.7.  The addition of information from the 8.6 micron channel highlights the dust and ground features even more, as will be shown later.



Spectral Information

• Now let’s look in more detail at the visible, 
near infrared and infrared portions of the 
spectrum.  Our objective is to get a better 
understanding of their unique characteristics 
and how that information may be used to 
analyze the land, ocean and atmosphere.



The visible to near infrared portion of the spectrum

Presenter
Presentation Notes
This figure shows atmospheric transmittance from 400 to 2500 nanometers (0.4 and 2.5 microns), and channel widths from Landsat Thematic Mapper.   The region extends from the ultraviolet into the near infrared portion and encompasses the visible portion of the spectrum.  The spectral resolution of the AVIRIS instrument (red bar at top), for which this figure was originally made, is approximately 10 nanometers with the spectrum sampled at 224 small spectral intervals.  Notice how various atmospheric constituents such as water vapor selectively absorb radiation across portions of the spectrum. The various Thematic mapper channels were designed to view surface properties by avoiding sampling in regions with atmospheric contamination.



Spectral animation of a single AVIRIS 
scene reveals the power of being 
able to observe with high spectral 
resolution.  Beginning at 400 
nanometers ground features are 
difficult to discern, mainly due to 
molecular scattering which 
decreases at longer wavelengths.  As 
we observe the scene at longer 
wavelengths, some features become 
distinct (land), while others become 
obscure (apparent decrease in 
smoke).  Note the effect of the water 
vapor absorption regions on scene 
brightness.  See also next slide.

Click on picture to start and stop 
animation.

Presenter
Presentation Notes
Spectral animation from AVIRIS, taken from a high altitude airplane.  This animation is an excellent teaching tool, allowing the viewer to take a ride across the visible to near infrared portion of the spectrum and see how various surface and atmospheric constituents determine what may be viewed from above.
Spectral animation of a single AVIRIS scene reveals the power of being able to observe with high spectral resolution.  Beginning at 400 nanometers ground features are difficult to discern, mainly due to molecular scattering which decreases at longer wavelengths.  As we observe the scene at longer wavelengths, some features become distinct, while others become obscure For example, land surface brightness is different depending on wavelength and surface type (clay soil, sand, green vegetation, water); at the same time, various atmospheric gasses (such as water vapor, carbon dioxide, methane, ozone and molecular oxygen) are active absorbers at certain wavelengths.
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AVIRIS Spectral Information from the 
Scene Depicting Cloud, Smoke and 

Active Burn Areas
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AVIRIS Image - Linden CA 20-Aug-1992
224 Spectral Bands: 0.4 - 2.5 μm

Pixel: 20m x 20m Scene: 10km x 10km Spectral Signatures of Selected Pixels

Presenter
Presentation Notes
This picture is from the movie in the previous slide.  In this picture three channels (out of a possible 224) have been used to create a near natural color image.  Each pixel in the image represents an IFOV of 20 m as viewed from an ER-2 flight altitude of 20 km.  The full scene covers an area of approximately 10 km x10 km.  The image depicts a mixture of smoke, clouds, active burn and burn scarred areas.  The lower left corner is relatively cloud and smoke-free such that surface features (grass, lake and river) can be seen.  Various size smoke particles were observed as well as areas under shadow from the cloud and smoke.  

The figure on the right depicts the apparent spectral reflectance (from 0.4 to 2.5 mm) for the features shown in the AVIRIS image. The unique characteristics of the spectral signatures provide a way to identify and characterize each feature and to derive other useful information about the scene.  Note the dip in reflectance for the various features in the absorption regions.
Water displays its characteristic low reflectance at most all wavelengths, being basically black from 0.9 to 1.9 microns.
Water clouds are highly reflective across the spectrum.  
Smoke plumes show moderately high spectral reflectance with differences in the visible region due to particle size variations.  
Grass areas display the characteristic reflectance rise near 700 nm due to the effects of chlorophyll.  

The high resolution of this particular image allowed detection of the fire in the scene because of its emission.  The fire area is relatively large, and it is difficult to know the exact portion of each pixel is on fire, but studies have shown that forest fire temperatures generally measure in the 800 to1000 degrees C range.  Using Wein’s displacement law (lmaxT=2879), where lmax is wavelength in microns and T is temperature in degrees Centigrade with 2879 being a constant with units of microns degrees Centigrade, gives the maximum wavelength of emission for the fire to be around 2.8 to 3 microns!  Recall the shape of a blackbody curve (as shown earlier) and it is no wonder that hot regions begin showing up at around 1 micron and continue to get larger as wavelength increases in this image (with the exception of the apparent shrinking in size when viewed in the water vapor absorption region around 1.85 microns.



Below, the same scene viewed with different 
visible to near infrared wavelength combinations

0.841 Red, 1.225 Blue, 1.600 Green0.646 Red, 0.547 Blue, 0.449 Green
“true color” Non-reflective water bands

Presenter
Presentation Notes
These images are at 10 meters spatial resolution and were taken by the hyper-spectral AVIRIS instrument aboard an aircraft.  When the red, blue and green channels (0.646 Red, 0.547 Blue, 0.449 Green) are combined from a multi-spectral image as on the left, a nearly true color image is the results.  This multi-spectral scene shows some islands of different sizes, clouds and water of varying color.  When another spectral combination is used, as in the other image, the results are markedly different! In the image on the right notice that the three channels (0.841 Red, 1.225 Blue, 1.600 Green) were chosen so that water is basically not reflective (black).  What is seen now is land and cloud, but not water.  The different appearance of the right hand side image and the one on the left is due to the differences in reflection at different spectral regions which are then highlighted by the color combination. This illustrates that the unique characteristics of the spectral signatures provide a way to identify and characterize each feature and to derive other useful information about a scene.




VIIRS, MODIS, FY-1C, AVHRR, ABI, GOES, MSG
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Presenter
Presentation Notes
Spectral widths of channels for AVHRR, MODIS, MSG’s SEVIRI, the Chinese FY-1C imager and the planned NPOESS VIIRS and GOES-R ABI.  (note that the latest version of AVHRR has a channel at 1.6 microns similar to VIIRS and FY-1C; this channel is shared with the channel at 3.7 microns with the AVHRR). 
One might ask “why the various satellite imager channel widths and spectral locations?”  The answers are complex, but basically relate back to the resolutions described earlier (Lecture A) and specifically the tradeoff between desired spectral resolutions versus the practicality of spatial resolution versus obtaining a high enough signal to noise ratio so that the instrument’s data may be used to describe the feature of interest to a desired accuracy level. The very narrow bands below 1000 nanometers, particularly on MODIS and VIIRS, are used primarily for measurement of ocean color, as was shown in the aircraft picture comparison earlier.  The broad bands in the vicinity of the two AVHRR bands below 1000 nm are used for surface vegetation indexing, cloud detection, location of melting ice and various other applications, while the bands above 1000 nm may be used in conjunction with those below 1000 nm to characterize cloud phase �



One might ask “why the various satellite imager channel widths and 
spectral locations?”  The answers are complex, but basically relate 
back to the resolutions described earlier (Lecture A) and specifically 
the tradeoff between desired spectral resolutions versus the 
practicality of spatial resolution versus obtaining a high enough 
signal to noise ratio so that the instrument’s data may be used to 
describe the feature of interest to a desired accuracy level



Daytime view of low 
cloud (water) and a 
thunderstorm anvil 
(ice) in different 
MODIS reflective 
channels

Presenter
Presentation Notes
MODIS Bands 3 (0.466 microns), 6 (1.63 microns) and 7 (2.11 microns) of clouds and thunderstorm over eastern How water clouds and cirrus clouds (ice) appear at different reflective channels. While ice clouds are reflective at visible wavelengths, in the near IR at 1.63 and 2.11 they are poorly reflective (thus their darkness in those two images).  



Color Combinations Aid In Cloud Type  Interpretation

Red GreenGreen

Blue

Presenter
Presentation Notes
MODIS Bands 3 (0.466 microns), 6 (1.63 microns) and 7 (2.11 microns) of clouds and thunderstorm over eastern Missouri, along with color combination (lower right) made from 0.466 (red), 1.63 (green) and 2.11 (blue).  While ice clouds are reflective at visible wavelengths, in the near IR at 1.63 and 2.11 they are poorly reflective (thus their darkness in those two images).  When the RGB combination is made, the absence of reflection in Green and Blue over the ice clouds results in their reddish hue due to the reflection at 0.466 microns.  As mentioned earlier water clouds are reflective at longer wavelengths resulting in their white appearance in the RGB combination.



Now for a look at the 
reflection from the 1.38 
micron MODIS channel 
in the center of a water 
vapor absorption region

Presenter
Presentation Notes
Now we will look at the MODIS band at 1.38 microns where water vapor absorption is strong (as shown in the center diagram). 



Presenter
Presentation Notes
Because of the strong water vapor absorption at 1.38 microns, most of the signal comes from high in the atmosphere.  In this case the thunderstorm top is high and more energy is reflected from it back to the satellite than the surrounding area where water vapor absorbs much of the radiation at 1.38 microns before it can reach the lower level cumulus  and then absorbs again that radiation at 1.38 microns which is reflected from the cumulus back to the satellite!  



1.38

0.64 1.64

11.01

Presenter
Presentation Notes
Cirrus often goes undetected in the IR window as well as visible channels. As in the previous slide, a 1.38 um channel readily detects the cirrus (in this case contrails).  Notice that in the 1.64 micron image that the land surface is brighter than at 0.64 microns due to more reflection from the vegetated surface as illustrated earlier in the hyperspectral movie.



Instrument Bands
402-422 nm 
433-453 nm 
480-500 nm 
500-520 nm 
545-565 nm 
660-680 nm 
745-785 nm 
845-885 nm

Mission Characteristics
Sun Synchronous Orbit 705 km 
Equator Crossing 12:20 PM        

descending 
Orbital Period 99 minutes 
Swath Width 2,801 km 
Spatial Resolution1.1 km 
Revisit Time1 day 
Digitization10 bits

Ocean Color: As illustrated by SeaWifs

Presenter
Presentation Notes
We often hear about the importance of measuring ocean color.  There is an excellent tutorial on the topic at 

http://oceancolor.gsfc.nasa.gov/SeaWiFS/TEACHERS/

In the slide above, note the locations and spectral widths of channels for AVHRR, MODIS, MSG’s SEVIRI, the Chinese FY-1C imager and the planned NPOESS VIIRS and GOES-R ABI; it is the channels below 1 micron that are used for ocean color work.  To do the job effectively, these channels must have exceptionally good signal to noise since the water leaving radiances are very small.  For example note the locations and spectral widths for the SeaWifs channels above.  Measuring ocean color is difficult because the signal reaching the satellite sensor has undergone interactions with the atmosphere, as well as scattering, absorption and flourescence within the water column, sea bed reflection (if shallow enough), and sea surface interactions.  

Below is extracted from the web site given above.  It provides information about ocean color and its measurement from space.  But don’t stop here, go to the web site and learn more.

When light hits the surface of an object, these different colors can be reflected or absorbed in differing intensities depending on the unique properties of the material on which the light is shining. The color we see depends on which colors are reflected and which are absorbed. . When sunlight hits the ocean, some of it is reflected back directly (sunglint), but most of it penetrates the ocean surface and interacts with the water molecules that it encounters. Most of the light that is scattered back out of clear, open ocean water is blue while the red portion of the sunlight is quickly absorbed very near the surface. However, there are many things in addition to just water molecules in the ocean and these things can change the color that we see. In coastal areas, runoff from rivers, resuspension of sand and silt from the bottom by tides, waves and storms and a number of other things can change the color of the near-shore waters. �
  However, for most of the world's oceans, the most important things that influence its color are PHYTOPLANKTON. Phytoplankton are very small, single-celled plants, generally smaller than the size of a pinhead that contain a green pigment called chlorophyll. All plants (on land and in the ocean) use chlorophyll to capture energy from the sun and through the process known as photosynthesis convert water and carbon dioxide into new plant material and oxygen. Although microscopic, phytoplankton can bloom in such large numbers that they can change the color of the ocean to such a degree that we can measure that change from space. 
The basic principle behind the remote sensing of ocean color from space is this; The more phytoplankton in the water, the greener it is....the less phytoplankton, the bluer it is. Pretty simple really.  The above example has been enhanced so that maximum clorophyl a is red, which would be the greener water.  ��




Ocean color product from MODIS showing the abundance of chlorophyll a across part of 
the Pacific Ocean.

Presenter
Presentation Notes
Ocean color product from MODIS showing the abundance of chlorophyll a across part of the Pacific Ocean



MODIS estimation of aerosol optical thickness

Kaufman et al.

Presenter
Presentation Notes
Using multispectral visible to near infrared imagery today’s satellites can capture information about aerosols.  With several channels in the visible to near infrared region, MODIS can capture aerosol characteristics very well. This group of images depicts the remnants of a Saharan dust storm being blown out over the Atlantic Ocean on 29 Feb 2000. The top-left image is a  "true-color" composite image produced from radiances at 470 nm  (blue channel), 550 nm (green channel) and 659 nm (red channel).  The top right image is the aerosol optical depth retrieved at 550 nm (combined over both land and ocean with good continuity). The bottom two images are the contributions to the total aerosol optical depth (ocean only), by small (less than 0.25 um) and large (greater than 1 um) particles, respectively. Note that the plume of large optical depth is composed nearly entirely of large particles. These images are from the work of Rob Levy and Yoram Kaufman (NASA Goddard Space Flight Center). 



Daytime multispectral METEOSAT-8 image of large dust storm over Africa.  This is made 
using a combination of images from the 0.6, 0.8 and 1.6 micron channels.  Click on the 
image to view animation.

Presenter
Presentation Notes
This animation is courtesy of EUMETSAT and Danny Rosenfeld, Hebrew University.




Earth emitted spectra overlaid on Planck function envelopes

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

Presenter
Presentation Notes
This slide shows an observed infrared spectrum of the earth thermal emission of radiance to space.  The earth surface Planck blackbody - like radiation at 295 K is severely attenuated in some spectral regions.  Around the absorbing bands of the constituent gases of the atmosphere (CO2 at 4.3 and 15.0 um, H20 at 6.3 um, and O3 at 9.7 um), vertical profiles of atmospheric parameters can be derived.  Sampling in the spectral region at the center of the absorption band yields radiation from the upper levels of the atmosphere (e.g. radiation from below has already been absorbed by the atmospheric gas); sampling in spectral regions away from the center of the absorption band yields radiation from successively lower levels of the atmosphere.  Away from the absorption band are the windows to the bottom of the atmosphere. Surface temperatures of 296 K are evident in the 11 micron window region of the spectrum and tropopause emissions of 220 K in the 15 micron absorption band.  As the spectral region moves toward the center of the CO2 absorption band, the radiation temperature decreases due to the decrease of temperature with altitude in the lower atmosphere.
IR remote sensing (e.g. HIRS and GOES Sounder) currently covers the portion of the spectrum that extends from around 3 microns out to about 15 microns. Each measurement from a given field of view (spatial element) has a continuous spectrum that may be used to analyze the earth surface and atmosphere.  Until recently, we have used “chunks” of the spectrum (channels over selected wavelengths) for our analysis. In the near future, we will be able to take advantage of the very high spectral resolution information contained within the 3-15 micron portion of the spectrum.  From the polar orbiting satellites, horizontal resolutions on the order of  10 kilometers will be available, and depending on the year, we may see views over the same area as frequently as once every 4 hours (assuming 3 polar satellites with interferometers).  With future geostationary interferometers, it may be possible to view at 4 kilometer resolution with a repeat frequency of once every 5 minutes to once an hour, depending on the area scanned and spectral resolution and signal to noise required for given applications. 



Earth emitted spectra overlaid on Planck function envelopes
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VIIRS
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GOES 8/11
GOES 12/P

The special area in the vicinity of 3 and 4 microns

Presenter
Presentation Notes
A very interesting region is the shown above, where the satellite signal will be from both reflected and emitted radiation.  However, an advantage of infrared imagery in this region is that there is very little water vapor contamination versus infrared radiation from the 10-12 micron region. There is an excellent tutorial on 3.9 microns and its characteristics contained in the Virtual resource Library, and for greater details than what will follow the user is referred to that tutorial.  



3.7 - 3.9 um Channel Imagery Applications

– Night-time Fog, Stratus & Cirrus
– Super-cooled Clouds
– Fog, Ice & Water Clouds Over Snow
– Winter Storms
– Land- and Sea-surface Temperatures
– Thin Cirrus & Multi-layered Clouds
– Urban Heat "Islands"
– Fire Detection
– Sun Glint
– Cumulus Bands at Night
– Convective Cloud Phases
– Volcanic Ash Cloud Monitoring

Presenter
Presentation Notes
There are many interesting applications that arise from using the special characteristics of radiance at 3.9 microns, particularly when compared with information from other channels.  See the tutorial in the VRL for information on each of these.


http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/fgstrts1.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/sprcool1.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/cdovrsn1.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/wntrstm1.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/sfctsst.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/thncirus.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/heatisle.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/fire1a.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/sunglnt.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/pmcubnds.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/ccphase.htm
http://rammb.cira.colostate.edu/wmovl/VRL/Tutorials/GOES39/volcash1.htm
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A close-up view around 3.9 mm, with radiance at 100%, 50% 
and 20% for the 6000 K source

The special area between 3 and 4 microns

Presenter
Presentation Notes
The region referred to as near infrared extends from where the visible portion of the spectrum ends out to the 4 to 5 micron region where reflection still occurs.  Recalling to the previous figure, during daytime reflection from clouds and land surfaces will effect what is seen in channels in this overlap region.  As will be seen later differences in ice and water cloud, as well as surface characteristics (such as fire within a scene) allow us to mine the information in this 3.9 micron region when we use it in combination with other channels.



Spectral Awareness, cloud phase and non-
linear aspects of thermal response

Scattering from water versus ice 
particles at 3.9 microns 

Response of 3.9 vs. 10.7 microns to 
Temperature variability in a FOV

Presenter
Presentation Notes
Reflection from cloud at 3.9 microns is very sensitive to particle size.  In general, marine stratocumulus are less reflective than cumulus over land (except where the marine stratocumulus has been contaminated by ship exhaust which causes it to have much smaller particles).  Cirrus generally has much larger ice crystal size than a cumulus water droplet, so the reflected signal from cirrus is normally weak. In the 3.7 to 3.9 region, the radiance reaching the satellite sensor during daytime, cirrus cloud (being cold and having large particles) results is a weak signal, where as cumulus (small droplets and warm) have a high signal.  Due to the non-linear nature of the Planck function, radiance received from pixels that are not uniform in character will appear different at different wavelengths.  When there is variability within a field of view, different scene temperatures will be measured in the 3.7-3.9 micron region than at 10.7 microns.  This is important in determining surface and cloud properties when a field of view is partly cloudy, and in the detection of fires when only a small portion of the field of view is actually burning.



Spectral Awareness, surface characteristics

Presenter
Presentation Notes
Different type surfaces have different reflective and emissive properties in the short wave window region around 3.7  microns as well as around 8.6 microns (emissivity only).



Display and analysis of imagery at short 3.9 microns.
Visible loop (left) and 3.9 micron reflective component loop (right)

from GOES-West (aspect ratio not 1:1)
Click on images to start and stop animations.

A

B

C

D

Presenter
Presentation Notes
Since the 3.9 um channel contains both reflected and emitted radiation, the question arises "Should it be displayed as a visible or an infrared image?" To address this issue, a short review of satellite image display history is appropriate. With the early TIROS, visible imagery showed clouds as bright white and ground as dark, a direct relationship between scene energy and image grey scale. When the first longwave infrared (IR) imagery was received and visible lookup tables were used to display the data, high energy areas (ground and ocean) were white and low energy areas (cirrus and thunderstorm tops) were dark. This was opposite from the convention analysts were accustomed to using. As a result, it was decided to invert the IR display table so that low infrared energy was displayed as white and high infrared energy as dark. This has served us well for many years, but now, since the 3.9 um channel senses both reflected and emitted radiation during the daytime, a choice must be made as to how that channel should be displayed. (Perhaps, in time, it will be presented as a derived image product, in combination with one or more other channels.) 
Above the 3.9 um imagery is presented in terms of energy vs. grey scale (as with the VIS imagery), cold clouds, ice, ice clouds and snow appear dark; while warm surfaces, water clouds and sun glint appear light-to-bright (sun glint at 3.9 um is much more intense than at visible wavelengths). Land surfaces, being both hot and reflective, can appear very bright. Alternatively, the 3.9 um information may be presented as any one of the other wavelengths/channels. Whatever choice is made, the user must analyze the information in terms of energy and cloud/surface type to minimize confusion. 

In the above example, the 10.7 micron infrared brightness temperature has been removed from the 3.9 micron brightness temperature (see tutorial referred to earlier) resulting in a 3.9 reflectivity product. A = cirrus cloud,  B = water cloud, C = ship trails with smaller particles than surrounding marine stratocumulus, D = differences in land emissivity.  In the animation of the for/reflectivity product one will notice bright spots that appear to flicker to in the State of Kansas (North of letter C) – these are fires, likely agricultural in nature.



Top left: 10.7 
enhanced infrared

Top right: 3.9 
enhanced infrared

Bottom: fog product 
for same time

These are nighttime 
images.  White is 
water cloud and 
black is ice cloud

B: water cloud with 
cloud top 
temperature (CTT) 
between -12 and      
– 15C

C: water cloud over 
ocean with CTT 
between 5 and 0 C

A: fog or stratus 
with CTT of 4 C 

Presenter
Presentation Notes
A night-time image product is made by subtracting the 3.9 um scene temperatures from those at 10.7 um, and scaling the results to show (-/+) differences. This technique, in use for many years with AVHRR , is based on the principle that the emissivity of water cloud at 3.9 um is less than at 10.7 um. Evolution of night-time fog and low-level stratus clouds is easily observed by viewing the product in animation. Furthermore, by investigating the 10.7 micron temperature in the fog or stratus region, one can tell if the cloud top temperature is below freezing, and thus the cloud may be composed of super-cooled water droplets and represent a hazard to aviation or ships at sea.

In the nighttime example above, the upper left is enhanced 10.7 micron infrared, upper right is enhanced 3.9 micron infrared, and the bottom is the fog/reflectivity product for the same time.  AT B the cloud top temperatures range between -12 and -15 Centigrade – these droplets would be super cooled and flying through this cloud would present a hazard to aviation.  Over the ocean at C, the cloud top temperatures are warmer.  Notice that in the 3.9 micron imagery that these clouds appear darker than the surrounding ocean: this is because with this enhanced product the color table is displayed bright to dark in terms of energy, thus warm is bright and cooler is dark, while when cloud top temperatures are colder than -32 C they are blue.  This is not true for the 10.7 micron enhanced infrared image, where warm is dark and lighter cloud means it is colder until reaching -32 C where colors are then used.  The reason that the 3.9 micron imagery was displayed as above is to allow a smooth transition between day and night with the fog/reflectivity product (see tutorial in the Virtual resource Library for further explanation).



On the left is an 
example of the 
difference in 
temperature 
measured at 3.9 and 
10.7 microns for a 
partially filled field of 
view (FOV) for 
nighttime when there 
is no solar reflection.  
In this example, the 
hot-area is at 500 K 
and the remainder of 
the pixel is at 300 K.  

Presenter
Presentation Notes
Notice how the 3.9 micron channel measured temperature is much hotter for partially filled fields of view that at 10.7 microns.  Its strong sensitivity to sub-pixel "hot-areas" makes the 3.9 um channel very useful in fire detection.. 
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Geostationary fire coverage at frequent intervals
Pixels with fires within the field of view are red

Presenter
Presentation Notes
Using data from either the geostationary or polar orbiting 3.9 micron channel, fires can be detected from space.  While the polar orbiting satellite has the advantage of higher resolution in the critical 3.7 to 3.9 micron region (1.1 km), it only provides a glimpse twice per day, while the geostationary satellite with its poorer resolution (4 km) can view at very frequent intervals.  Above, derived at frequent intervals over North, Central  and South America from GOES for both large area (thumbnail) and regional sectors at 4 km resolution using the ABBA (Automated Biomass Burning Algorithm ).  Available as single image or as 12 hour animations; archive is available.  Regional sector loops are also excellent for viewing cloud animations at 4 km resolution.  

The experimental Wildfire Automated Biomass Burning Algorithm (WFABBA) is currently generating half-hourly fire data for the Western Hemisphere. The geostationary NOAA weather satellite GOES-12 provides coverage for North and South America while GOES-10 covers North America only. The WFABBA is an extension of the ABBA. 
The results from the WFABBA are typically available within 90 minutes of the satellite scan time. The GIF images are accessible from the links below. Each link leads to a page with the most recent image and provides the option to go to higher-resolution images of different regions as well as loops of the images covering the last several hours (or days, depending on the region). 
The WFABBA imagery is generated using a modified alpha-blending technique. Data from the GOES satellites and a landcover map derived from 1-km resolution Advanced Very High Resolution Radiometer (AVHRR) data (available here) are used to produce the combined image, on top of which the fires are placed and the map and annotations are drawn. Continental overview images have plotted locations of fires, while regional view images indicate the individual satellite fire pixels as detected with the WFABBA. 
Fires from the WFABBA are divided into six categories: processed fire, saturated fire pixel, cloudy fire pixel, high possibility fire pixel, medium possibility fire pixel, and low possibility fire pixel. Data noise, extremely hot surfaces, and sometimes cloud shadows can give false alarms for fires. The vast majority of processed fire pixels are not false alarms. 
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Fires detected on  October 8, 1997, using AVHRR 
over Borneo, and aerosols over region in mid-

October 1996 versus mid-October 1997

Presenter
Presentation Notes
AVHRR is an excellent fire detection tool in the absence of cloud.  A product depicting aerosol optical thickness, below the fire image, shows the difference in smoke and haze between October 1996 and 1997.  October 1997 was an el Nino year, which typically leaves the Indonesia area dry and fire prone.



Fires detected by MODIS over Africa (left) and NDVI (right)

Presenter
Presentation Notes
Fires from MODIS and NDVI product.



Earth emitted spectra overlaid on Planck function envelopes

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

The strong water vapor absorption region

Presenter
Presentation Notes
The water vapor absorption portion of the spectrum.  Notice how maximum water vapor absorption occurs in the 5.8 to 6.3 micron region (colder temperatures and higher in the atmosphere) and becomes progressively less either to the left or right of that maximum area, indicating that the warmer signal is coming from lower in the atmosphere.



High Spectral Resolution 
(AIRS) resolves H2O 
Spectral Features (right).  
Click image to animate.  
This animation immediately 
illustrates the advantage for 
many applications of very 
high spectral resolution 
versus broad channels.

GOES-I/M era 
sounder H20 

Channels 
(above)

Presenter
Presentation Notes
This animation clearly illustrates the problem of assigning an exact height to water vapor as seen in geostationary satellite imagery.  It is suggested that after starting the animation that the user click on the pause button and then drag the cursor to the left and right to animate across various spectral regions.  In doing so one can immediately see the variability across the channel, due to the intensity of the various absorption lines.  Next take the cursor all the way to the right so that the wavelength is around 6.3 microns and then slide it back to the left toward 8 microns.  While the variability in the signal is apparent, also apparent is that the water vapor temperature is getting progressively warmer.



GOES-9 6.7 micron infrared (water 
vapor channel) movie loop: a 

broadband channel that extends from 
6.47 to 7.02 microns

With GOES-12 
the broadband 

water vapor 
channel spectral 

rage was 
increased to span 
the interval 5.8 to 

7.3 microns

Presenter
Presentation Notes
Perhaps now, when looking at an animation such as this one, it will be realized that what is being seen is an integrated view of water vapor.



Earth emitted spectra overlaid on Planck function envelopes

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

The infrared window regions and ozone absorption area

Presenter
Presentation Notes
This portion of the spectrum contains the infrared window regions and ozone absorption area which is evident as the sharp dip in temperatures around 9.7 microns.  As you view this portion of the spectrum it is evident that the curve is not smooth, but has a series of downward pointing spikes, as between 10-12 microns.  Those spikes are due to water vapor absorption above a warmer surface.  Notice also that the region between 12 and 13 microns has stronger water vapor absorption than the region from 10 to 12.  This split window region is important for use in multispectral applications where low level water vapor effects need to be filtered out, such as surface temperature determination.



AVHRR Sea surface Temperature product produced by CoastWatch.  This picture is over 
he Atlantic Ocean off of the East Coast of the United States.  Notice the strong 
temperature gradient across the boundary of the Gulf Stream and warm eddies that 
have broken off and migrated into the colder waters.

Presenter
Presentation Notes
SST and land surface temperatures are fundamental satellite products that are derived using multi-channel information from the 10 to 12.5 micron portion of the spectrum.  Some algorithms are beginning to integrate information from the 3.7 to 3.9 micron portion of the spectrum where water vapor absorption is very weak, but this is mostly done at night when solar reflection is not a problem.
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AVHRR Sea Surface temperature Anomalies (Deg. C) 
November 1996 vs November 1997

Presenter
Presentation Notes
AVHRR Sea Surface temperature Anomalies (Deg. C) November 1996 vs November 1997 show clearly the warm anomaly that accompanied the strong el Nino of 1997/1998.  If you wish, compare this slide with a later slide from the sub-section on active sensors that shows sea surface altimetry anomaly measurements this el nino at an earlier stage of development.




Presenter
Presentation Notes
Thick cirrus clouds act as very effective emitters of radiation from cloud top.  Indeed, cold overshooting tops are often seen with intense convection and are a reflection of a storm’s strong updraft.  Because of this, thunderstorm cloud top temperature is often related to storm intensity and rainfall.



Presenter
Presentation Notes
When multispectral information is used, clouds separate into classes.



Cloud Composition

Ice Cloud 

Water Cloud

Contrails

Contrails

Infrared Temperature Difference - 8.6 μm (Band 29) - 11.0 μm (Band 31)

Infrared Temperature Difference - 11.0 μm (Band 31) - 12.0 μm (Band 32)

Image Over Kansas  - 21 April 1996

Presenter
Presentation Notes
An example of an IR window multispectral application using MODIS Airborne Simulator data is presented here.  The water cloud is clearly discriminated from the ice cloud; in some regions mixed clouds are also observed.  Because liquid phase water absorbs radiation differently than solid phase water (ice) at different wavelengths, it is possible to discriminate between the two, as well as to detect clouds with mixed phase. When T11-T8.6>>0 we have ice; when T12-T11>>0 we have water. Sub-visible contrails are also easily detected.



Visible is upper left; enhanced 10.7 micron infrared is upper right; 
reflective portion of 3.9 micron channel is lower left; enhanced 6.7 
micron infrared water vapor is lower right. 

Four 
panel 
GOES 
image 
over the 
middle 
United 
States.

Click on 
image to 
animate.

Presenter
Presentation Notes
In the four panels above, each channel provides mesoscale information about the atmosphere and where clear, the underlying surface of the earth.  When the spectral information they contain is used together they can provide a wealth of information.  Notice the reflective nature of water cloud in the 3.9 micron reflectivity image and the lack of reflection of snow (compare with bright streaks to the west of Lake Michigan in visible image). Further, the clouds within the convergence zone over lake Michigan have different motions due to mesoscale flow.  Those clouds can be seen to be water cloud, and when analyzed using 10.7 micron IR data they are seen to be around -10C, thus a super cooled water cloud.  Using all four channels, the cirrus cloud on the right of the picture can be analyzed in detail. Click on image to animate.





Spectral Awareness, surface characteristics

Presenter
Presentation Notes
What we see in channels around 8.6 microns may be effected by surface characteristics.



False color images from MSG channels. Left: 12.0-10.8 (R), 10.8-8.7 (G), 10.7 
(B). Right: 1.6 (R), 0.8 (G), 0.6 (B).  Click on either image to view animation.

METEOSAT-8 (MSG) detection of large dust storm over Africa using 
visible to near IR (right) and IR (left) channel combinations

Presenter
Presentation Notes
METEOSAT-8 (MSG) detection of large dust storm over Africa using visible to near IR (right) and IR (left) channel combinations.  From Danny Rosenfeld.



From MODIS

Today’s 
satellites have 
many channels 

from which 
information 

may be 
obtained

Presenter
Presentation Notes
Today’s satellites have many channels from which information may be obtained.  Advanced analysis techniques may be required to derive information without developing product over load for the user.




Intra-satellite

Presenter
Presentation Notes
One popular way of displaying channels is through three color combinations (Red, Blue and Green) of three different channels, or products from those channels.  As shown on the next slide, future products may use mathematical analyses (such as principal component analysis) to provide products that can be combined to yield the maximum amount of information in a single image product.



Products based on mathematical analysis of multi-channel images – we 
can do now with MODIS and MSG!

Water And Wet 
Ground

Boundary Between 
Dry And Unstable Air

Middle 
Level 

Moisture Cirrus Cloud

Severe 
Thunderstorms

Multi-channel
Product

Presenter
Presentation Notes
Nighttime MODIS serves as a simulation of GOES-R moist/dry front, clouds, wet ground and severe thunder-storms, based on principal component analysis imagery.  We can do such analyses today.



Earth emitted spectra overlaid on Planck function envelopes

MODIS
VIIRS

ABI

MSG

GOES 8/11
GOES 12/P

The longwave CO2 absorption region

Presenter
Presentation Notes
 Around the absorbing bands of the constituent gases of the atmosphere (CO2 at 4.3 and 15.0 um, H20 at 6.3 um, and O3 at 9.7 um), vertical profiles of atmospheric parameters can be derived.  Sampling in the spectral region at the center of the absorption band yields radiation from the upper levels of the atmosphere (e.g. radiation from below has already been absorbed by the atmospheric gas); sampling in spectral regions away from the center of the absorption band yields radiation from successively lower levels of the atmosphere. As the spectral region moves toward the center of the CO2 absorption band, the radiation temperature decreases due to the decrease of temperature with altitude in the lower atmosphere.
Of particular interest for imagers is the 13 micron region where information from that channel is combined with information from the 10.7 micron window channel to help determine cloud height.  This information is important for cloud drift wind height assignment and also for estimation of cloud top pressure.  These products can be viewed through the virtual resource library.



The red curve shows the thermal terrestrial spectrum between 4 µm and 15 µm in terms of 
brightness temperatures at the top of the atmosphere calculated for a standard mid-latitude 
summer atmosphere and nadir view. The blue curves depict the relative spectral response functions 
of the GOES I-M series sounder instrument. 

Presenter
Presentation Notes
Recall the spectral animation of AIRS data across the water vapor region shown earlier.  The same is true for the CO2 region.  This is one reason why vertical soundings from channel radiometers are so smooth, they represent a layer of the atmosphere.  However, higher spectral information from hyperspectral sounders like AIRS (on Aqua) and IASI (on METOP) will provide higher resolution soundings.




Detection of Temperature Inversions Possible with Hyperspectral IR

Detection of inversions is critical for severe weather 
forecasting.  Combined with improved low-level moisture 

depiction, key ingredients for night-time severe storm 
development can be monitored.

Spikes down -
cooling with height

Spikes up -
warming with height
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Presenter
Presentation Notes
By looking at high spectral resolution in the 10-12 micron portion of the spectrum we should be able to follow the development of nighttime inversions (as well as daytime destabilization) from geostationary altitudes.



Earth’s microwave spectrum at the top of the atmosphere.

The microwave portion of the spectrum

Presenter
Presentation Notes
As with infrared data, there are atmospheric windows in the microwave portion of the spectrum and microwave radiance is emitted, absorbed and scattered.  There are several tutorials in the Virtual Resource Library that cover microwave data and its applications.  Since most NMHS’ only use products provided by satellite operators or major centers, the next few slides will only illustrate what channels are used to make various microwave products.  It should be noted that some products are difficult to make over land because of variations in surface emissivity (for example in some channels wet soil has a different emissivity than dry soil).



Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for studies over Land vs. Ocean.  Shown above are SSM/I wind speed from passive microwave versus vectors derived from an active system (scatterometer).



Click movie to stop animation

Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for Precipitation and Cloud Water and Ice, and for Meteorological applications.  Shown above on the right are ran rate from microwave (lower right) versus three periods from geostationary satellite infrared, while on the left in animation is an enhanced infrared movie of hurricane Mitch over a period of a few days.



Clicking on the movie will start 
or stop animation.  Notice how 
well the tpw product depicts the 
ITCZ as well as shows the 
interaction between tropical and 
mid-latitude systems. (larger 
version on next slide)

Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for Meteorological applications.  Real-time animations of Total precipitable water as above are available from the VRL (notice that this product is only derivable over water). Notice how well this total precipitable water (tpw) product depicts the ITCZ as well as shows the interaction between tropical and mid-latitude systems.  This product is very useful when used in combination with other satellite information such as animations from 6.7 micron imagery and visible and infrared imagery.  When using the product one should be aware that the mosaic is updated on a 6 hourly basis, where as the geostationary satellite imagery is nominally at 15 to 30 minute intervals.




Clicking on the product to the 
right will start or stop animation 
sequence.  Notice how well the 
tpw product depicts the ITCZ as 
well as shows the interaction 
between tropical and mid-
latitude systems.

Presenter
Presentation Notes
Table from the COMET tutorial on microwave data uses (see Virtual Resource Library) showing microwave channel combinations for Meteorological applications.  Real-time animations of Total precipitable water as above are available from the VRL (notice that this product is only derivable over water). Notice how well this total precipitable water (tpw) product depicts the ITCZ as well as shows the interaction between tropical and mid-latitude systems.  This product is very useful when used in combination with other satellite information such as animations from 6.7 micron imagery and visible and infrared imagery.  When using the product one should be aware that the mosaic is updated on a 6 hourly basis, where as the geostationary satellite imagery is nominally at 15 to 30 minute intervals.




Active sensors
• Active sensors from research satellites are 

used to measure various sea surface 
properties (altimetry, wind speed and 
direction, ice field characteristics as well as 
ice berg tracking).  The are also used to 
measure rainfall over water or land.  Many 
of those products are available for use by 
NMHS’.



Right: Sea level anomaly over Gulf of 
Mexico from satellite altimetry.  

To the left are maps of sea level 
anomaly over the equatorial 
Pacific showing the increase in 
sea level off the west Coast of 
South America accompanying the 
onset of el Nino.

Altimetry

Presenter
Presentation Notes
Top panel: Notice the positive height anomaly extending northward from between Cuba and the Yucatan Peninsula.  This feature corresponds to high sea surface temperature in what is commonly known as the loop current.  Knowing where deep deeper and warmer waters are in tropical regions is important for tropical storm intensity forecasting.  Salinity is also important in determining sea level height, and future satellite missions such as ESA’s SMOS are designed to measure surface salinity.

Bottom:  Altimetry from satellites also plays an important role in defining the strength of el Nino. 1997 El Nino from satellite altimetry (Topex) Sea Level Deviation (cm) with respect to (wrt) 1993-5 show the occurence of a deeper region in the warm area detected in the AVHRR anomaly.





Example of global wind coverage from QuikSCAT for April 1 2005.  The time 20:58 UTC 
in the top legend indicates the most current pass in the product.

Presenter
Presentation Notes
This is a product showing the coverage from ascending QuikScat passes.  There is also a similar product for descending passes.  Using the Virtual Resource Library, one may access this product and zoom into an area to see actual wind barbs (as shown earlier with the microwave winds over ocean).



SAR Wind Speed Product

Oct 25, 1999
16:37 GMT

0             5            10          15         20          25

Wind Speed (m/s)

Presenter
Presentation Notes
Alaska Mariners call them williways - sudden, cold winds that blow from the coast without warning, churning the calmest seas.  Using satellite imaging technology designed for other uses, like making topographical maps and gauging the thickness of sea ice, scientists with the National Oceanic and Atmospheric Administration are taking pictures of sea-level winds, including williways.  The images they're producing are already making a difference.  "The impression we're getting from the mariners out there is a big 'wow' " said Gary Hufford, regional scientist for the National Weather Service in Alaska. "The device that can spot williways is synthetic aperture radar, or SAR.  SAR is unique in that it can provide a picture of the winds through narrow mountain passes.  Another satellite-mounted tool , a scatterometer, was designed specifically to gather wind information over wide regions."  While a scatterometer cannot spot williways, it does give wind direction which SAR cannot.



SAR Iceberg Tracking and monitoring of ice shelf 
edge and sea ice

Presenter
Presentation Notes
SAR is useful for tracking icebergs and ice shelf movement, as illustrated in this animation.



TRMM radar cross sections, from NASA/GSFC web site.

Presenter
Presentation Notes
The active radar on TRMM can be used to derive vertical profiles of rainfall rate.  This information can be used to calibrate the TRMM microwave imager’s rainfall rate, which in turn can be used to help develop combined microwave and infrared rainfall rates.  



The “A Train” formation with equator 
crossing times.  In the formation, the 
satellites nominally all trace out the 
same ground track.  Click on the bottom 
right to see an animation of clouds made 
from the formation of Terra, SAC-C and 
LandSat-7 (an total interval of about 40 
minutes from first to last).

Presenter
Presentation Notes
The active radar on CloudSat and the lidar on Calipso will help define cloud characteristics observed by MODIS along their 1 km wide foot print at satellite sub-point.



Atmospheric 
Dynamics 
Mission (ADM)

Active Doppler 
wind lidar for 
determination 
of atmospheric 
winds (also 
aerosols).  Flies 
in a dawn/dusk 
orbit

Presenter
Presentation Notes
Both winds and aerosols are expected to be derived from the Atmospheric Dynamics Mission.  The derivation of winds will require use of a numerical model since the instrument only provides information in one direction (along the radial on which it points).




Polar and/or Geo with GPS RO

Collard and Healy,  QJRMS, 129,  p.2741, 2003

The figure at the left is 
From Collard and Healy 
(2003) showing the 
anticipated accuracy when 
GPS and hyperspectral 
sounding data are 
combined.  Notice that by 
utilizing the two together 
that the answer is better 
than either separately.

Presenter
Presentation Notes
In the future combining GPS RO with hyperspectral infrared may pave the way for very accurate soundings, although the difference in spatial representation will need to be resolved.



This concludes Lecture B

• More information on spectral bands and 
their applications may be found by 
accessing the Virtual Resource Library 
(VRL).  If you do not have a CD that 
contains the VRL information, using 
Internet go to the WMO web site and 
access the WMO Satellite Program to 
link to the Virtual Laboratory.

Presenter
Presentation Notes
More information on spectral bands and their applications may be found by accessing the Virtual Resource Library (VRL).  If you do not have a CD that contains the VRL information, using Internet go to the WMO web site and access the WMO Satellite Program to link to the Virtual Laboratory (recall the information shown at the end of lecture A).
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