Spectral Bands And Thelr
Applications
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Earth emitted spectra overlaid on Planck function envelopes

High resolution atmospheric absorption spectrum
and comparative blackbody curves.
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Radiance versus wavelength for blackbodies at 6000
K (sun) and 300 K (earth), notice 3.9 um region
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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.



Surface and atmospheric properties effect what we view with
a satellite sensor (solar left, emitted IR right)
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Today we’re digital
AND MULTISPECTRAL
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One advantage of digital data: Image
Enhancement: Helping the eye detect
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Overshooting thunderstorm tops and cloud top temperature
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_ AMIRIS 224 Contiguous Spectral Channels

dtrnospheric
Scattering

dtrnosphere Transmittance

" Landsat Thernatic Mapper & Multispectral Bands
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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.
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AVIRIS Image - Linden CA 20-Aug-1992

224 Spectral Bands: 0.4 - 2.5 um _ _
Shsaels G % P SeErEs A6k e 6 Spectral Signatures of Selected Pixels



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

“true color”
0.646 Red, 0.547 Blue, 0.449 Green




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

Non-reflective water bands [
0.841 Red, 1.225 Blue, 1.600 Green



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

“true color” : Non-reflective water bands
| 0.646 Red, 0.547 Blue, 0.449 Green 0.841 Red, 1.225 Blue, 1.600 Green
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e.g. reflection from grass and

vegetation
refl ~ 08wum
| If 0.65 um and 0.85 um channels see
[ Grass & vegetation the same reflectance then surface
0.65 um viewed Is not vegetation;
b if 0.85 um sees considerably higher
— reflectance than 0.65 um then surface

0.72 um might be vegetation



1ODIS, FY-1C, AVHRR, ABL GOES, MSG
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Daytime view of low
cloud (water) and a
thunderstorm anvil

(ice) in different
MODIS reflective
channels SRR T IR
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Now for a look at the
reflection from the 1.38
micron MODIS channel

In the center of a water
vapor absorption region
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Ocean Color: As illustrated by SeaWifs
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MODIS Aqua Ocean Color 4km for February 2005
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Ocean color product from MODIS showing the abundance of chlorophyll a across part of
the Pacific Ocean.



VIIRS,

. FY-1C, AVHRR, ABI, GOES, MSG
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One might ask “why the various satellite imager channel widths and
spectral locations?” The answers are complex, but basically relate
back to four basic resolutions (spatial, spectral, temporal and s/n)
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



Earth emitted spectra overlaid on Planck function envelopes

High resolution atmospheric absorption spectrum
and comparative blackbody curves.

.1[:][:] T I T T T T T I
]
p— VIIRS
[ o o
a0 - = ABI N
=
=
| -
Xz 6.0 |- . -
w
]
E
= J00R
3 )
§ | mm p— 2801
2 = =
= 0 SBO0R™
240K
STz
200K ]

5.0 8.0 10.0 12.0 14.0 16.0 18.0
Wavelength {Lum)



Earth emitted spectra overlaid on Planck function envelopes

High resolution atmospheric absorption spectrum
and comparative blackbody curves.
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The special area in the vicinity of 3 and 4 microns
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3.7 - 3.9 um Channel Imagery Applications
(with other channels)

Night-time Fog, Stratus & Cirrus
Super-cooled Clouds

Foq, Ice & Water Clouds Over Snow
Winter Storms

Land- and Sea-surface Temperatures
Thin Cirrus & Multi-layered Clouds

Urban Heat "lIslands”

Fire Detection

Sun Glint

Cumulus Bands at Night
Convective Cloud Phases
Volcanic Ash Cloud Monitoring
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Spectral Awareness, cloud phase and non-

linear aspects of thermal

IWRYEERgIh=3% Micromelery

=— Bingle Senlering Albedo (water]
« - —- Bingle Bdaltering Albedy fice gt 5003

0900 |

8 b

Single Seattering Albwdo

500 [ -
0600 -
DIEM [ 1 1 1 I 1 L 1 J 1 | | I - | i a I_ . l_l_-
OO0 MO0 4800 6O00 G000 LGS
Pactide Rodivs
[Mieramrtors]

Scattering from water versus ice

particles at 3.9 microns
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Spectral Awareness, surface characteristics

" - s

_— eg— g—

0 S= :
1 h
: raosa
.—I:=='_ﬂ'.;- : l==E
= :
= : - 1,
o -
LI e ; . Ar
- ==z nd
2 —— ok
0= :
0.4 :
LG | | | . | | | T & T T T ® T 71T & 711 | T T | T T 1 | | |

Yosswrelernogklh A fiemi



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.
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Fires detected on October 8, 1997, using AVHRR
over Borneo, and aerosols over region in mid-
October 1996 vers
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Fires detected by MODIS over Africa (left) and NDVI (right)




Earth emitted spectra overlaid on Planck function envelopes
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Earth emitted spectra overlaid on Planck function envelopes

High resolution attmospheric absorption spectrum
and comparative blackbody curves.
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Spectral Awareness, surface characteristics
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1 AVHRR channels
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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 um sees considerably higher
BT than 11 wm then the atmosphere
probably contains dust or volcanic

ash; if 11 um sees the same or
higher BT than 12 um the
atmosphere viewed does not contain
dust cloud or volcanic ash.
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METEOSAT-8 (MSG) detection of large dust storm over Africa using




Earth emitted spectra overlaid on Planck function envelopes

High resolution attmospheric absorption spectrum
and comparative blackbody curves.
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CoastWaitch

AYHHER lemperuinre

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.



Nov 15, 1997

Nov 15, 1996
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Id overshooting tops and

F_.pgmm% in Waighs

: o H B ’
MSG High Resolution Visible (HRV) IVISG Enhanced 10.7 micron IR
v 3 Figure 27: Thunderstorm tops over
Higher reflection from ice in Europe from MSG on 29 July 2005 at
plume at 1.6 and 3.9 microns 14:30 UTC. This case, presented by
\\ Martin Sevtak at the EUMETSAT Users'’
! Conference showed higher reflection
4 \ % , from ice in the plume at thunderstorm top
S 'ﬁ ‘ in 1.6 and 3.9 microns, likely due to
&4 e smaller cloud particle size and related to
-4 Q‘ . updraft characteristics. Cold over-

) ) shooting top and “V” notches are clearly
MSG 3 channel color image using HRV, shown in the 10.7 channel image, as are

1.6 and 3.9 micron channel data the plume brighter reflection from the

right-most storm.



.. Today’s

' satellites have

many channels
from which
Information

. may be

obtained

e

From MODIS |Saills
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Multi-channel
Product
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Products based on mathematical analysis of multi-channel images — we
can do now with MODIS and MSG!



Conclusions

Understand the difference 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



