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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

Passive Sensors : Satellites

Remote sensing is the 
measurement of an 
object by a device that is 
not in physical contact 
with the object.

Active Sensors : Radar, Lidar



Principles of Remote Sensing
Reflected and Emitted Radiation

Passive Satellite Remote Sensing
Can be broadly classified into
Solar Reflected and thermal 
Emissive components



Spectral Characteristics
IR

4 µm
11 µm



●Sensor Characteristics
• 36 spectral bands ranging from 0.41 

to 14.385 µm
• 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)

●NASA, Terra & Aqua
• launched 1999, 2002
• 705 km polar orbits, descending 

(10:30 a.m.) & ascending (1:30 p.m.)

MODerate-resolution Imaging 
Spectroradiometer  (MODIS)



Primary Use Band Bandwidth (nm)1 Spectral Radiance2

(W/( m2 μm- sr))
Required
SNR3

1 620 - 670 21.8 128

2 841 - 876 24.7 201

3 459 - 479 35.3 243

4 545 - 565 29.0 228

5 1230 - 1250 5.4 74

6 1628 - 1652 7.3 275

7 2105 - 2155 1.0 110

8 405 - 420 44.9 880

9 438 - 448 41.9 838

10 483 - 493 32.1 802

11 526 - 536 27.9 754

12 546 - 556 21.0 750

13 662 - 672 9.5 910

14 673 - 683 8.7 1087

15 743 - 753 10.2 586

16 862 - 877 6.2 516

17 890 - 920 10.0 167

18 931 - 941 3.6 57

19 915 - 965 15.0 250

Atmospheric
Water Vapor

Ocean Color/
Phytoplankton/
Biogeochemistry

Land/Cloud/Aerosols
Properties

Land/Cloud/Aerosols
Boundaries

MODIS - Bands



Primary Use Band Bandwidth (μm)1 Spectral Radiance
(W/( m2 μm- sr))2

Required
NE[delta]T(K)4

20 3.660 - 3.840 0.45(300K) 0.05

21 3.929 - 3.989 2.38(335K) 2.00

22 3.929 - 3.989 0.67(300K) 0.07

23 4.020 - 4.080 0.79(300K) 0.07

24 4.433 - 4.498 0.17(250K) 0.25

25 4.482 - 4.549 0.59(275K) 0.25

26 1.360 - 1.390 6.00 150(SNR)

27 6.535 - 6.895 1.16(240K) 0.25

28 7.175 - 7.475 2.18(250K) 0.25

Cloud Properties 29 8.400 - 8.700 9.58(300K) 0.05

Ozone 30 9.580 - 9.880 3.69(250K) 0.25

31 10.780 - 11.280 9.55(300K) 0.05

32 11.770 - 12.270 8.94(300K) 0.05

33 13.185 - 13.485 4.52(260K) 0.25

34 13.485 - 13.785 3.76(250K) 0.25

35 13.785 - 14.085 3.11(240K) 0.25

36 14.085 - 14.385 2.08(220K) 0.35

Cloud Top
Altitude

Surface/Cloud
Temperature

Cirrus Clouds
Water Vapor

Atmospheric
Temperature

Surface/Cloud
Temperature

MODIS – Bands (contd…)



Visible imagery - Interpretation

Satellites provide large-scale snapshots of earth-atmosphere system



September
8, 2002

September
10, 2002

September 
12, 2002

Pollution 
Transport 
from satellites



Satellite Remote Sensing

● Advantages: 
Repeated reliable 
measurements

● 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

Geostationary

High Temporal 
Resolution

Polar Orbiting

Global Coverage



Polar Orbiting orbit
Sun synchronous



Scattering, 
Absorption and 
emission
Atmospheric Windows for 
Remote Sensing



Remote Sensing - Resolutions

Sensor

Optics

Electronics
● 4 major resolutions

• Spatial resolution 
• Temporal resolution
• Spectral resolution
• Radiometric resolution (e.g. 

8bit)



Soil

Vegetation

Snow

Ocean

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
To geophysical quantities of interest.



From pretty pictures to numbers

● Radiance is 
converted to 
reflectance and 
temperature

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

● This must now be 
converted to 
geophysical 
parameter

● Examples include : 
AOD, Temperature



Land Remote Sensing
Satellite data useful for 
Studying land cover changes

Satellite data

Cloud clearing

Atmospheric Correction

NDVI = (NIR-VIS)
(NIR+VIS)



Aerosols/Particulate Matter

● Climate
● Visibility
● Health
● Hydrology
● Nutrient source



Tiny but potent



Pollution and Breathing



Pollution and Health



Pollution Suppresses Rain

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



Aerosols from Space, Example

Satellites are the only viable method for monitoring
global pollution



Multi-spectral satellite data

∫= dzAOT extβτ )(
Satellite measured radiances
are converted to columnar 
Aerosol Optical Thickness

Surface 
measurement

How do satellites measure pollution?



Sept 9

Sept 11 Sept 12

Sept 10

No EPA sites
MODIS fills in

Spatial Distribution

4 day sequence showing
transport of regional

pollution event. Posts show
EPA PM2.5 ground-based

measuring site.  Color  contours
are MODIS aerosol optical depth

0.0            0.2            0.4             0.6            0.8 1.0     0         10        20         30        40 50         60        70       0        15.5     40.5    65.5          150.5
Aerosol Optical Depth                    Cloud Optical Thickness   PM2.5 (ug/m3)



The strength of satellite remote sensing



From AOT to air quality 

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

Sensitive groups should avoid all physical 
activity outdoors; everyone else should 
avoid prolonged or heavy exertion

Sensitive groups should avoid prolonged or 
heavy exertion; everyone else should reduce 
prolonged or heavy exertion

Sensitive groups should reduce prolonged or 
heavy exertion

Unusually sensitive people should consider 
reducing prolonged or heavy exertion

None

Cautionary Statements

201-300

151-200

101-150

51-100

0-50

Index
Values

PM10 
(ug/m3)

PM2.5
(ug/m3)

Category

355-424

255-354

155-254

55-154

0-54

150.5-250.4

65.5-150.4

40.5-65.4

15.5-40.4

0-15.4Good 

Very Unhealthy

Unhealthy 

Unhealthy for Sensitive 
Groups

Moderate



AOT-PM2.5 Assess AOT-PM2.5
Assess Meteorology
Vertical Distribution of Aerosols

Time Series shows agreement of hourly 
PM2.5 Concentrations (Surface Monitor)  
and Aerosol Optical Depth in Coincident  
MODIS pixel.  Correlation Coefficient > 
0.88.



Summary – Section 1

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

● Knowledge of Atmospheric Radiative transfer, meteorology,  
and image processing is necessary.

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

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

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


