
Satellite Remote Sensing - Introduction

• definition for this class

• three essentials

• examples

• notes on human perception and display of information
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http://www.ucsusa.org/nuclear_weapons_and_global_security/s
olutions/space-weapons/ucs-satellite-database.html



Definition for this class

• satellite or aircraft remote sensing 

of the Earth or other planets

• information carried by electromagnetic waves

• sensing of land, ocean, and ice (will not cover atmosphere)

SAR Image - Seasat



Advantages and disadvantages of 
satellite remote sensing

advantages
• global data set of uniform quality

• rapid data acquisition

• no need to obtain permission to gather data

• can revisit on a regular basis for lifetime of satellite (5-10 years)

• spacecraft provide stable platforms

disadvantages
• high cost of satellite systems

• takes 10 years + to develop, build, test, and launch

• possibility of single point failure

El Nino - Topex



CryoSat I failure
October 2005

CryoSat-2
April 8, 2010 



Applications of Remote Sensing

• Meterology - profiling of atmospheric
temperature, pressure, water vapor, and wind
velocity.

• Oceanography - measuring sea surface
temperature, mapping ocean currents, and
wave energy spectra.

• Glaciology - measuring ice cap volumes, ice
stream velocity, and sea ice distribution.

• Geology - geomorphology, identification of
rock type, mapping faults and structure.

• Geodesy - measuring the figure of the earth
and its gravity field.

• Topography and cartography - improving
digital elevation models

• Agriculture, forestry, and botany - monitoring
the biomass of land vegetation, monitoring the
health of crops, mapping soil moisture,
forecasting crop yields.

• Hydrology - assessing water resources from
snow, rainfall and underground aquifers.

• Disaster warning and assessment - monitoring
of floods and landslides, monitoring volcanic
activity, assessing damage zones from natural
disasters.

• Planning applications - mapping ecological
zones, monitoring deforestation, monitoring
urban land use.

• Oil and mineral exploration - locating natural
oil seeps and slicks, mapping geological
structures, monitoring oil field subsidence.

• Military - developing precise maps for
planning, monitoring military infrastructure,
monitoring ship and troop movements . . .
(This is where most of the US funding for
remote sensing goes.)



Electromagnetic 
Spectrum

Rees, 2001



Three Essentials for Remote Sensing

source of radiation
sunlight or thermal emissions or active sensor

transmission
attenuation and phase delay of waves in atmosphere and ionosphere

receiver
sensor, platform, and orbit selection



Source

Blackbody
Radiation

Rees, 2001



Transmission through 
atmosphere and ionosphere



Receiver and Orbits



Possible Instruments (Earth)





human vision (see notes online)

photoreceptors

cones
6-7 million
sensitivity in 3 bands

rods
75-100 million
broadband and low light 
sensitivity

2 eyes = stereo
Robertson, 1992



passive visible - IKONOS



passive visible – IKONOS – multispectral 2.5 m



passive visible – IKONOS – panchromatic 0.7 m



passive visible and IR - LANDSAT

Band Spectral Range 
(microns) 

Electromagnetic 
Spectrum 

Ground 
Resolution (m) 

1 .45 to .515 Visible blue-green 
(reflected) 

30 

2 .525 to .605 Visible green (reflected) 30 

3 .63 to .690 Visible red (reflected) 30 

4 .75 to .90 Near Infrared (reflected) 30 

5 1.55 to 1.75 Mid-Infrared (reflected) 60 

6 10.40 to 12.5 Thermal Infrared (emitted) 30 

7 2.09 to 2.35 Mid-Infrared (reflected) 30 

Pan .52 to .90 Visible light (reflected) 15 
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A glance at an atlas reveals pronounced differences in living conditions on opposite
sides of the North Atlantic Ocean. Britain is at the same latitude as Labrador; Norway is
opposite Greenland. The countries on the eastern side of the Atlantic offer a comfortable

Seasonal global pattern of sea surface temper-
atures during 2005 and 2006. (Data from the
MODIS instrument on the Terra satellite.)

Northern Hemisphere Winter 2006

Northern Hemisphere Summer 2006

passive microwave – Aqua – AMSR-E

Minnett, Our Changing Planet, 2007



climate whereas those on the western side are frigid and much less hospitable. The reason
for this is the temperature of the seas and the currents that move the warm and cold ocean
water around the globe. The temperatures of the sea surface have been measured from
satellites for about 25 years, and these measurements have provided new insight into 
the surface currents and have led to improved weather forecasting. The heat in the oceans
in the warm, sunny regions of the equator and tropics is transported to higher latitudes by
the great ocean currents. In the Atlantic Ocean, the best known feature is the Gulf Stream,
which brings warm water from the Gulf of Mexico to Europe. The warm surface waters of
the Gulf Stream heat the atmosphere above, warming and moistening the air that the winds
bring over the land. By giving up heat to the atmosphere, the ocean currents play a large
part in determining the major features of the world’s climate. The Gulf Stream is part of the
large pattern of ocean currents that links all of the oceans, and the northward flow of water
in the Atlantic is compensated on the western side by a southward flow at depth of cold
water from the Arctic. These patterns of surface temperature are readily seen in the satel-
lite imagery, which have shown the surface currents to be quite variable, changing in
strength and position in periods of weeks to months. Some of these changes, such as the
meanders of the Gulf Stream, do not have a very significant impact on the weather, but oth-
ers, such as the increase in surface temperature across the tropical Pacific Ocean caused by
the El Niño phenomenon, have serious consequences.
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Sea surface temperature in the Gulf of
Mexico before (left) and after (right) the
passage of Hurricane Katrina, August 27
and 29–30, 2005. The storm underwent
intensification after passing over the
southern tip of Florida before landfall
close to New Orleans, resulting in exten-
sive destruction by flooding as well as
winds. The cold water wake along the
hurricane track on August 30 (right)
marks where Hurricane Katrina extracted
sufficient heat from the ocean during its
intensification to lower the sea surface
temperature by several degrees. The
microwave temperature measurements,
which are unreliable close to land, have
been extrapolated to the coastline. The
clouds that have been added to the
August 29–30 image are from GOES data
from August 29, 2005 1445 UTC. (Data
from the AMSR-E instrument on the
Aqua satellite, provided by Chelle
Gentemann.)

Hurricane Katrina track

Sea Surface Temperature (ºC)

352821

August 27, 2005

100 km

NN
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Extent of hurricane force winds ( >=119 kph )
Hurricane Katrina track

Sea Surface Temperature (˚C)

352821

100 km

NN

Destructive hurricanes, typhoons, and cyclones grow over the warm seas, feeding on the
heat available in the ocean, and satellite measurements of the sea surface temperatures are
used to improve the forecasting of intensities and paths of these severe storms.  Severe
storms can leave a signature in surface temperature in the form of a cold wake, indicating
where they have drawn heat out of the ocean to feed their growth. The appearance of a cold
hurricane wake is seen in the images of the Gulf of Mexico before and after the passage of
Hurricane Katrina in August 2005. On occasion, during a busy hurricane season, the passage
of a subsequent storm over such a cold wake can lead to a sudden decay of intensity as the
source of energy needed to sustain or intensify the storm is diminished.  A clear example of
this occurred in August 1998 when Hurricane Danielle rapidly lost strength as she passed
over the cold wake of Hurricane Bonnie. 

The El Niño phenomenon is characterized by a redistribution of the surface temperature
in the tropical Pacific Ocean. The normal situation is for the western Pacific to be warmer
at the surface than the eastern, in part driven by the large-scale patterns of winds over the
globe, including the trade winds. The large area of warm water in the western Pacific, called
the Warm Pool, heats the air above. At unpredictable intervals of several years, the Warm
Pool extends to the east, warming the eastern Pacific Ocean and disturbing the atmospheric
circulation. This has consequences around most of the globe by changing the positions and
intensities of storms and rainfall patterns, and causing drought and floods that disrupt 

August 29 and 30, 2005

passive microwave – Aqua – AMSR-E

Minnett, Our Changing Planet, 2007





Schematic of single profile science data 
measurements, compiled through time to 

build elevation data sets

ICESat laser altimeter

Surface elevations 
along a ground track 

determined from 
laser time of flight, 

combined with 
precise orbit and 

pointing information
Laser-beam pointing 

determined from star-
trackers and internal 

angle system
ICESat had 3 lasers

Geoscience Laser Altimeter System (GLAS)



-83.6-83.8 Latitude

ICESat’s detection of Antarctic subglacial lakes
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Detecting changes of Antarctica’s ice sheet

radar altimeter





active microwave –
radar altimetry



active microwave – Geosat altimetry

Sandwell and Smith
J. Geophys. Res., 2008
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1997

Yearly averaged deviations from the 10-
year mean ocean surface topography of
the Pacific Ocean, 1997–2005. The color
scale indicates deviations from the mean
topography computed from the
TOPEX/Poseidon data record from late
1992 to 2002. (Data from the radar altime-
ter instrument on the TOPEX/Poseidon
satellite. Image processing by L.-L. Fu.)
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2003 2004 2005

Deviations from the Mean Ocean Surface Topography (cm)
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active microwave – TOPEX altimetry

Variability of the ocean surface topogra-
phy derived from radar altimeter meas-
urements. The variability reflects the
presence of ocean eddies. (Data from
TOPEX/Poseidon and ERS satellites.
Image processing by L.-L. Fu.)

Variability in Sea Surface Topography (cm)

0 10 20 30 40

LE E-LU E N G FU
Ocean Surface Topography
and Circulation

Surfers and sailors are well aware of the ocean’s turbulent nature as displayed by breaking
waves and swirling currents. Current meters in the ocean are tossed around, making it diffi-
cult to measure the speed and direction of currents. Measurements from these instruments are
often dominated by random waves rather than by the steady flow that is of interest to naviga-
tors and fishermen. Only after averaging a large number of measurements is it possible to
detect a steady flow. This steady flow is what we usually refer to as ocean circulation. It trans-
ports the heat stored in the ocean around the world and controls weather and climate.

The slow movement of ocean circulation is driven by the differences in pressure created
by the variation of sea-surface elevation. Contrary to our intuition, the ocean surface is not
flat but has hills and valleys. If the ocean is at rest, the sea-surface elevation is determined by
Earth’s gravity. This shape is called the geoid. When the ocean is in motion, its surface ele-
vation departs from the geoid, leading to a pressure force that balances the motion. The devi-
ation of the sea-surface elevation from the geoid is called ocean surface topography.
Knowledge of the ocean surface topography allows us to calculate the speed and direction of
ocean currents. The TOPEX/Poseidon satellite, operated jointly by the United States and
France, has been making measurements of ocean surface topography since October 1992.

Our Changing Planet, ed. King, Parkinson, Partington and Williams 
Published by Cambridge University Press © Cambridge University Press 2007

Fu, Our Changing Planet, 2007
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active microwave – Seasat SAR



DAV I D T. SA N DW E L L

BR I D G E T R. SM I T H

The San Andreas Fault:
Adjustments in the Earth’s
Crust

The sudden release of energy along a major earthquake fault is one of the most destruc-
tive forces of Nature. During the 1906 San Francisco earthquake, poorly constructed build-
ings collapsed in a matter of seconds killing thousands of occupants. This was followed by
fires that destroyed 28,000 buildings and left more than half of the residents of the city
(225,000) homeless.

Destructive earthquakes, such as the 1906 event, almost always occur along the bound-
aries of the tectonic plates, which are well mapped globally. While most plate boundaries

Our Changing Planet, ed. King, Parkinson, Partington and Williams 
Published by Cambridge University Press © Cambridge University Press 2007
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Sandwell and Smith
Our Changing Planet, 2007



Opposite: The major sections of the San
Andreas Fault zone. These sections under-
go repeated earthquake activity except
along the creeping section where the plates
slide smoothly at all depths. Recent major
earthquakes are dominated by the 1857
Fort Tejon Earthquake and the 1906 San
Francisco Earthquake. The southernmost
locked section of the San Andreas Fault
has not experienced a major earthquake in
at least 300 years. The next event along
this section could release more than 7 m of
accumulated slip; typically large California
earthquakes have a maximum slip of 6 m.
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occur in the deep ocean and thus far from cities, a major transform fault (the San Andreas
Fault) cuts across the most populated areas in California. Over a period of 500 years or so,
every section of the San Andreas Fault will rupture to release tectonic stress, suggesting that
residents need to be prepared for the inevitable.

At depths of greater than 30 km, the ductile nature of the rock results in plates sliding
freely past one another. However, shallower fault zones are colder and more brittle and
undergo stick-slip behavior. Initially, the shallow surfaces of the fault remain locked because
of friction and surface imperfections; this interseismic period can last hundreds of years.
Eventually the growing stress exceeds the strength of the rocks and the fault ruptures caus-
ing a co-seismic slip event. Recently scientists have discovered that slip can either be fast and
destructive or slow and largely unnoticeable. Fast ruptures generate elastic waves that prop-
agate outward and destroy buildings. Slow ruptures, which have only recently been detected
using the Global Positioning System (GPS), can release the tectonic stress over several days.
Of course, it is important to monitor all faults in populated areas to establish the rate of stress
buildup and release. Following the co-seismic event, the fault continues to slip generating
aftershocks and dissipating the stress concentrations at the margins of the rupture. This post-
seismic deformation can lasts for tens of years. Some scientists believe there is also a short
period of concentrated deformation just prior to a major earthquake, although this period of
‘pre-seismic deformation’ is poorly documented.

Over geologic timescales (millions of years), the earthquake cycle is constantly repeated result-
ing in nearly continuous motion. In terms of global plate tectonics, earthquakes are relatively unim-
portant since they are just minor squeaks along the plate boundaries. However, on human
timescales, the earthquake cycle is highly irregular and only partially observed on a single fault seg-
ment. A full understanding of the process will require observations over many cycles by many gen-
erations of people or by observing many active fault systems in various stages of their earthquake

Radar interferogram. Since space-based geo-
detic measurements have become available,
there has not been a major earthquake on the
San Andreas Fault. However, two major
earthquakes have occurred in the Mojave
Desert in 1992 (Landers) and 1999 (Hector
Mine). This radar interferogram shows the
ground motion associated with the 1999
Hector Mine earthquake. The ERS-2 satellite
radar imaged the land before and after the
earthquake. The difference in radar phase
between the two acquisitions, shown here,
reveals the rupture in great detail; one color
cycle (or ‘fringe’) represents 28 mm of
ground motion. The technique of radar
interferometry offers the ability to monitor
fault zones on continental scales and it is
highly complementary to the 400 continu-
ously operating Global Positioning System
receivers that have been deployed along the
San Andreas Fault zone. (Data from the
Synthetic Aperture Radar (SAR) instrument
on the European Space Agency ERS-2 
satellite.)

Hector Mine Earthquake
(1999, M 7.1)

Landers Earthquake Rupture

(1992, M 7.3)

active microwave – ERS SARactive microwave – ERS SAR

Sandwell and Smith
Our Changing Planet, 2007
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An early discovery was that the ice moves both by creep and by sliding, creeping under its
own weight over most of the ice sheet, but in some areas, known as ice streams, sliding over
its bed. One of the most invaluable roles of satellites has been to reveal the extent of these
‘rivers of ice.’ These ice streams reach hundreds of kilometers inland and in many cases cre-
ate sufficient momentum to form huge floating shelves of ice, up to 1 km thick, attached to the
continent but floating hundreds of kilometers across the ocean. The Ross ice shelf, for exam-
ple, covers an area the size of half a million square kilometers, approximately the size of Spain.
These ice shelves form the breeding grounds for most of the truly massive icebergs.

Northeast Greenland ice stream showing
ice velocities collected over the period
1991–1996. Although this ice stream was
only recently discovered using ERS
imagery, it is now one of the most com-
pletely mapped ice streams in terms of its
velocity field. Vector velocity measure-
ments were made using crossing orbits
from ascending and descending passes.
Speed is displayed as color over SAR
imagery. Sub-sampled velocity vectors are
shown with white arrows. (Data from the
SAR instrument on the European Space
Agency’s ERS-1 and ERS-2 satellites.)
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Conclusions

• Study the electromagnetic spectrum.  Should know the basic categories 
and their typical wavelengths.  

• Sources of EM radiation: passive - Sun and Earth; active – spacecraft.
• Blackbody radiation – coming lecture
• Transparency of atmosphere: �windows� in visible, IR, and microwave, 
otherwise opaque.

• Main categories of remote sensing: passive visible; passive IR; passive 
microwave; active visible; active microwave.

• Types of orbits and their applications: geostationary – communications and 
weather; low Earth polar orbit (LEO) – all types of remote sensing; sun 
synchronous – passive visible remote sensing. 


