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Examples of Satellite Remote
Sensing Imagery

Satellites provide
Repeated, reliable, daily
global coverage




Global View

Satellite data used for assessing global weather,
climate, environment and for understanding the
earth-atmosphere system




Satellite Remote Sensing —
Definition and methods

The A-Train
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CALIPSO CloudSat
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Principles of Remote Sensing
| Reflected and Emitted Radiation
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Passive Satellite Remote Sensing
Can be broadly classified into
Solar Reflected and thermal
Emissive components

REFLECTION




Spectral Characteristics
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MODerate-resolution Imaging
Spectroradiometer (MODIS)

e Sensor Characteristics

» 36 spectral bands ranging from 0.41
to 14.385 ym

e cross-track scan mirror with 2330 km
swath width

« Spatial resolutions:
»>250 m (bands 1 - 2)
»>500 m (bands 3 - 7)
> 1000 m (bands 8 - 36)

e NASA, Terra & Aqua

 launched 1999, 2002

« 705 km polar orbits, descending
(10:30 a.m.) & ascending (1:30 p.m.)




MODIS - Bands

Primary Use Band Bandwidth (nm)’ Spectral Radiance? Re%uired
(W/( m? um- sr)) SNR”

Land/Cloud/Aerosols 1 620 - 670 21.8 128
Boundaries

2 841 - 876 24.7 201
Land/Cloud/Aerosols 3 459 - 479 35.3 243
Properties

4 545 - 565 29.0 228

5 1230 - 1250 5.4 74

6 1628 - 1652 7.3 275

7 2105 - 2155 1.0 110
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MODIS - Bands (contd...)

Primary Use Band Bandwidth (um)’ Spectral Radiance Required
W/ m? um- sr)) NE[delta] T(K)*

Cirrus Clouds 1.360 - 1.390 6.00 150(SNR)
Water Vapor
6.535 - 6.895 1.16(240K) 0.25

7.175-7.475 2.18(250K) 0.25
Cloud Properties 8.400 - 8.700 9.58(300K) 0.05
Ozone 9.580 - 9.880 3.69(250K) 0.25




Visible imagery - Interpretation
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Satellites provide large-scale snapshots of earth-atmosphere system
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Satellite Remote Sensing

e Advantages:
Repeated reliable
measurements

e Challenges:
Expensive and need
expertise to convert
measurements to
geophysical values
such as temperature.

I = flux per unit area
per unit solid angle

normal to the
direction of
propagation

[Wm-2sr-1]




Selected Satellite Orbits

Polar Orbiting

Global Coverage

Geostationary

High Temporal
Resolution




Polar Orbiting orbit

Sun synchronous




Scattering,

Absorption and
emission

Atmospheric Windows for
Remote Sensing

v Ej(A) = Incident energy

E;(\) = Eg(A) + Eq (M) + Ep())

Eg (A} = Reflected energy
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E4 [A) = Absorbed energy Ep(A) = Transmitted energy




Remote Sensing - Resolutions

_ _ Electronics
e 4 major resolutions
« Spatial resolution S
« Temporal resolution “
. FOV angle
« Spectral resolution .
. : : View angle \
« Radiometric resolution (e.g.
8bit) \ AN
0, ~ Optics
) |
/ 'h
“UsA) / |
gl s R L £
ld']:;a-w NEE’

e Field Of View

METEQSAT
(ESA)



Reflectance (%)
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Generalized Reflectance Curves for
Land-use Classification Applications

= = = Healthy Vegetation
""" Stressed Vegetation
= = Turbid Water
= = Clear Water
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Flot Louis E. Keiner - Coastal Carolina University  Data sources; USGS, NASA

Spectral Resolution
And
Spectral Signatures

Features such as
Soil, vegetation,
Snow, and ocean
Appear different in
Different parts

Of the EM spectrum
That is used in
Remote Sensing




What does satellite “see”

Satellites do not measure temperature or pollution
Concentrations. The measured radiances must be converted

\ d{o geophysical quantities of interest.
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From pretty pictures to numbers

e Radiance is
converted to
reflectance and
temperature

e Multi-spectral Image
must be separate
into various features
(clouds, aerosols,
ocean, land etc.)

e This must now be
converted to
geophysical
parameter

e Examples include :
AOD, Temperature




Land Remote Sensing




Sailt from S0 from

Aerosols/Particulate Matter St |

e Climate

e Visibility

e Health

e Hydrology

e Nutrient source
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Pollution and Breathing

News Focus

Particle aF Fuﬂth on |:|r.'|.r|:,' canries wibntantisl deaths and ilnews, buot wwhat makes e
P ticles S0 toaic—thi tiag, the chamical compound, o Both?

Mounting Evidence Indictsi@®
Fine-Particle Pollution i}

Industrial Air Pollution: Possible Effect on Lung Cancer

Abstract. Higher lung cancer morrality ratexs occurred in males living in certain
heavily industrialized areas of Los Angeles Couniy, California. These areas were
characterized by elevated concentrations of benzola)pyrene and other polynuclear
aromatic hyvdrocarbony of primarily industeial ovigin in the soil and air.

4 Industrial pollution

At risk. Studies with elderly wolunteers have shown

that slight changes in outdoor partide levels can ’m b
change heart rate variability, m



Pollution and Health

Air Pollution—Related Illness:

Effects of Particles

Aradrd Hel

orldwide epidemiological studies
Wsh-nw a consistent increase in car-
diac and respiratory morbidity

and mortality from exposure to particulate
matter { PM) (/-3). PM 15 a key ingredient
of polluted air and is

Eihanced online at estimated to kill
wwwsdencemagong/cgil | MOTE than 300,000
content full/308/5723/804 people each vear (4).

Dangerous dirt. (Left) Electron micrograph of
a fine mode particle collected by an impactor
from air outside an engineering laboratory at
the University of California, Los Angeles. A halo
sumrounds residues of what are probably inor-
ganic salts and polar organic compounds dis-
solved in the original aqueous droplet. Scotlike
particles are also present. (Right) Aggregates of
ultrafine particles collected on the last stage of
an eight-stage impactor. These are soot parti-
cles ernitted from diesel engine sources such as
buses. More volatile particles may have evapo-
rated in the electron micoscope.

Increase in cardliac and respiratory illnesses



Pollution Suppresses Rain

Suppression of Rain and Snow
by Urban and Industrial Air
Pollution

Daniel Rosenfeld

Direct evidence demonstrates that urban and industrial air pollution can com-
pletely shut off precipitation from clouds that have temperatures at their tops
of about —10°C over large areas. Satellite data reveal plumes of reduced cloud
particle size and suppressed precipitation originating from major urban areas
and from industrial facilities such as power plants. Measurements obtained by
the Tropical Rainfall Measuring Mission satellite reveal that both cloud droplet
coalescence and ice precipitation formation are inhibited in polluted clouds.

Pollution reduces size of
cloud droplets

Shuts off rain processes




How do we measure pollution

AERONET : Highly reliable but spatially limited
Column measurements

The air we breathe

Surface Particulate matter mass

Microgram per cubic meter

Not available in many countries
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Aerosols from Space, Example

MAY 31 2000 Earth Probe TOMS Aerosol Index q

Satellites are the only viable method for monitoring
global pollution



How do satellites measure pollution?

e Multi-spectfql'sa-:té_l_lite data

P _
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Surface- \
measurement NG,

Satellite measured radiances
are converted to columnar = 40T (7)= _[ Pex dz
Aerosol Optical Thickness
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The strength of satellite remote sensing




From AOT to air quality

e Using satellite AOT to assess air quality categories
e Air quality standards vary by country

Index Category Cautionary Statements PM, 5 PM,,

Values (ug/m3) (ug/m3)

51-100 Moderate Unusually sensitive people should consider 15.5-40.4 55-154
reducing prolonged or heavy exertion

151-200 Unhealthy Sensitive groups should avoid prolonged or 65.5-150.4 255-354
heavy exertion; everyone else should reduce
prolonged or heavy exertion

201-300 Very Unhealthy Sensitive groups should avoid all physical 150.5-250.4 355-424
activity outdoors; everyone else should
avoid prolonged or heavy exertion




Latitude (deg)

AOT-PM2.5 Assess AOT-PM2.5

Assess Meteorology
Vertical Distribution of Aerosols
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Summary — Section 1

e Satellite Remote Sensing is a powerful tool for studying the
earth atmosphere system.

e Knowledge of Atmospheric Radiative transfer, meteorology,
and image processing IS necessary.

e Satellite sensors measures radiances and must be
converted to geophysical values (e.g. Temperature).

e Since very few ground monitors are available, satellites are
the only viable tools for monitoring air pollution from space.

e Satellite data sets are highly successful in studying
weather, climate and other environmental issues.



