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1 Abstract

Significant developments have been made in space-based radar
systems and technology since the first satellite with a radar pay-
load was launched (the Gemini radar). This paper presents an
overview of some of the remote sensing applications of satellite
imaging radars, which range from topographic mapping to for-
est and climate monitoring to the detection of oil spills and the
monitoring of natural disasters, to name just a few.

2 Introduction

Imaging radar systems (Radio Detection and Ranging) were de-
veloped in the 1950s mainly by the armed forces. Radar is an
active remote sensing system which means that it provides its
own source of energy to produce an image. It therefore does not
require sunlight (as do optical systems) and data can be acquired
either by day or by night. Furthermore, due to the specific wave-
length of radar, cloud cover can be penetrated without any effect
on the imagery.

Synthetic Aperture Radar(SAR) is a technique for creating
high resolution images of the earth’s surface. Over the area of
the surface being observed, these images represent the backscat-
tered microwave energy, the characteristics of which depend on
the properties of the surface, such as its slope, roughness, hu-
midity, textural inhomogeneities and dielectric constant. These
dependencies allow SAR imagery to be used in conjunction with
models of the scattering mechanism to measure various charac-
teristics of the earth’s surface, such as topography. SAR has be-
come a valuable remote sensing tool for both military and civil-
ian users. Military SAR applications include intelligence gath-
ering, battlefield reconnaissance and weapons guidance. Civil-
ian applications include topographic mapping, geology and min-
ing, oil spill monitoring, sea ice monitoring, oceanography, agri-
cultural classification and assessment, land use monitoring and
planetary or celestial investigations.

Another highly active research area in radar remote sensing is
repeat pass satellite SAR interferometry (InSAR). InSAR pro-
vides a means for measuring displacements of the solid earth,
glaciers, ice sheets, and fast sea ice to an accuracy of fractions
of a radar wavelength (a few cm) during the time intervals be-
tween observations, using synthetic aperture radar (SAR) im-
agery. Since the launch of the firstEuropean Remote Sensing
satellite (ERS-1) in 1991, this rapidly-evolving technology has
been employed to measure, for example, coseismic displace-
ments; the motion of glaciers and ice sheets in Alaska, Green-
land, Antarctica and elsewhere; retreat of the grounding line of
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a major West Antarctic ice stream; deflation of a European vol-
cano following an eruption; and crustal extension of potentially
active volcanic vents in SW Alaska. In addition, InSAR can
be employed to derivedigital elevation models(DEMs) of the
Earth’s surface. Other applications of InSAR include prediction
of earthquakes and volcanic eruptions, ice flow mapping, for-
est mapping and land classification. The limitations caused by
atmospheric effects presently seem to be the most fundamental
and severe limitation for this otherwise incredibly sensitive tech-
nique. Furthermore, the correlation map that used to be “just” a
byproduct of the interferometric processing, and at best a mea-
sure of the interferogram quality, is now becoming important
information in itself. Correlation maps are used for volume scat-
tering estimation and forest height measurement as well as for
land use classification.

Another application area in radar remote sensing is hydrol-
ogy, including the retrieval of soil moisture and snow water con-
tent, glaciology, and radar mapping of vegetation. Hydrology
is an area where SAR and also active imaging radar of lower
resolution have much to offer. In relation to soil moisture es-
timation, polarimetric data have proven capabilities. Difficult
problems include the vegetation cover and the requirement that
the soil type/texture needs to be known. There is, however, hope
that these problems can be mitigated. Using lower frequencies,
e.g. P-band, enables penetration of low to moderate vegetation.
More interestingly, the soil texture can potentially be estimated
from a time series of measurements during a drying period fol-
lowing precipitation.

The mapping of forest and biomass, as well as agricultural
crops, are also active application areas. Many techniques show
promise with respect to forest and biomass mapping and it has
been shown that the backscatter coefficient of very low fre-
quency systems (UHF and VHF) does not saturate at as small
biomass values as the more common frequencies at L-band and
C-band.

Most of the information contained in the following sections
has been obtained from the internet, and the authors would like
to acknowledge the following websites:

� ESA Earth Remote Sensing Home Page:
http://earth.esa.int/

� Canada Centre for Remote Sensing:
http://www.ccrs.nrcan.gc.ca/

� The German Remote Sensing Data Center:
http://www.dfd.dlr.de/

� The NASA/JPL Imaging Radar Home Page:
http://southport.jpl.nasa.gov/

� Remote Sensing Platforms and Sensors:
http://quercus.art.man.ac.uk/rs/sat_list.cfm

1



3 Remote Sensing Platforms and Sen-
sors

The following is a list of some of the more well-
known spaceborne remote sensing platforms and sen-
sors. A more complete list can be obtained from
http://quercus.art.man.ac.uk/rs/sat_list.cfmwhich currently
lists 87 remote sensing platforms and sensors.

ERS-1/2 — European Remote Sensing Satellite 1 and 2. The
first satellite in the ERS series was launched in June 1991,
and its successor (ERS-2) in April 1995. Since 1991, an
almost global coverage of the Earth’s surface has been at-
tained with the satellite’s SAR (Synthetic Aperture Radar)
instrument. The ERS satellites have Sun-synchronous, near
polar, quasi- circular orbits with a mean altitude of 785 km
and an inclination of 98.5�. Most of the ERS-1 mission was
performed with a 35-day cycle. ERS-2 only operates in a
fixed repeat cycle of 35 days, which means that a particular
site is covered every 16 days (figures for Equator latitude).

JERS-1 — Japanese Earth Resources Satellite - 1.

LightSAR — A JPL lead US project, “low-cost”, lightweight,
L-Band system, focused on interferometric SAR applica-
tions, e.g. natural hazards (seismic and volcanic deforma-
tion), ice flow velocity mapping; and low frequency ap-
plications, including biomass mapping, soil moisture, and
snow water equivalent mapping.

RADARSAT — Commercial, very similar to ERS.

SEISM — Solid Earth Interferometric Spaceborne Mission, a
French concept, based on the basic idea of implementing
a low cost SAR which will extend the ERS-1/2 capabil-
ity and ensure acquisition of data for very long time span
interferograms in areas where coherence allows such long
baselines. Key applications would for instance be forest
clear-cut monitoring.

SIR-C/X-SAR — Shuttleborne Imaging Radar.

SRTM — Shuttle Radar Topography Mission. The SRTM mis-
sion is an important milestone in the history of remote sens-
ing. In eleven days it collected about 18 Terabytes of radar
measurements which will allow scientists to virtually re-
construct a 3-dimensional model of 80% of the Earth’s con-
tinental area. The collected radar images will be converted
to digital elevation models (DEMs) spanning the globe be-
tween 60� North and 58� South. The “virtual Earth” will
be reconstructed as a mesh of 30 m spacing, and is accom-
panied for each point by a measure of the reflected energy
of the radar signal, the intensity image. These data will
become an important reference for comparison and corre-
lations with older and future satellite or otherEarth Ob-
servation(EO) data. SRTM is a valuable asset for many
applications ranging from geology, tectonics, hydrology,
cartography, to navigation and communications.

4 Remote Sensing Applications by In-
strument

4.1 Wind Scatterometer (WSC) Applications

Wind scatterometers use accurate measurements of the radar
backscatter from the ocean surface when illuminated by a mi-
crowave signal with a narrow spectral bandwidth to derive infor-
mation on ocean surface wind velocity. At a given angle to the
flight path of the satellite, the amount of backscatter depends on
two factors, namely the size of the surface ripples of the ocean
and their orientation with respect to the propagation direction of
the pulse of radiation transmitted by the scatterometer. The first
is dependent on wind stress and hence wind speed at the surface,
while the second is related to wind direction.

Scatterometer instruments aim to achieve high accuracy mea-
surements of wind vectors, and resolution is of secondary impor-
tance. The resolution of the ERS scatterometer is 50 km, though
the grid sampling is 25 km. Because the scatterometer operates
at microwave wavelengths, the measurements are available irre-
spective of weather conditions. The assimilation of scatterom-
eter data into atmospheric forecasting models greatly improves
the description of cyclonic features so important in predicting
future weather patterns. There are numerous other applications,
such as the measurement of sea ice extent and concentration, and
emerging land applications such as regional-scale monitoring of
ice shelves, rainforests and deserts.

4.2 Radar Altimeter (RA) Applications

The radar altimeter is designed to make accurate measurements
of the satellite’s height above the sea surface which is then con-
verted to the sea surface’s height above a reference ellipsoid.
When the altimeter takes a height measurement, it is measur-
ing a height contributed to by many different types of phenom-
ena, from the underlying marine geoid, through the large-scale
general circulation of the oceans, to mesoscale eddies 100 km
across. In addition to highly precise height measurements, the
altimeter makes measurements of the heights of waves that ap-
pear in its footprint, and of surface wind speed.

Applications of the radar altimeter include:

� Measuring the marine geoid.

Information has been extracted from altimeter data, par-
ticularly that provided by the high resolution dedicated
Geodetic Mission of ERS-1, to provide maps of average
sea surface topography - the marine geoid. The geoid is the
fundamental reference surface of geodesy. Through its use
in geoid determination, altimetry aids in revealing the loca-
tion of ocean floor features such as faults, trenches, spread-
ing zones, sea mounts and hot spots. Information may also
be gained on the age, structure and dynamics of the litho-
sphere, particularly in the area of subduction zones, lead-
ing to a better understanding of the relationship between
the lithosphere and the mantle, and of mantle convection.
Additional, commercially valuable information can be de-
rived on potential locations of oil-bearing structures using
the effect that low density deposits (such as crude oil) have
on the shape of the gravity field. This information has been



derived not only over oceans, but also in the Arctic Ocean,
using altimetry over sea ice.

� Measuring sea state.

The radar altimeter also measures the heights of waves that
appear within its ‘footprint’, and the wind speed at the sea
surface. Near real time measurements ofSignificant Wave
Height(SWH) by the ERS altimeter are assimilated opera-
tionally into wave models to provide wave forecasts, essen-
tial for the optimisation of a range of marine operations.

� Measuring the topography of the oceans.

Worldwide sea level varies significantly in space and time.
Regional variations in sea level occur as a result of pres-
sure differentials within the ocean, which result from mo-
mentum and heat flux exchange with the atmosphere. The
resultant differences in sea level are thus directly related
to ocean currents. Ocean topography can be measured di-
rectly and monitored for change using the ERS radar al-
timeter. Along with data from other similar instruments,
the information can be assimilated into ocean circulation
models which transform satellite surface information into
three-dimensional descriptions of ocean currents and trans-
ports. An important fluctuation in the ocean-atmosphere
system is theEl Nino Southern Oscillation(ENSO) phe-
nomenon, which causes an increase in ocean tempera-
tures throughout the central and tropical Pacific which can
produce dramatic changes in climate on the timescale of
months to years. The events associated with ENSO can
be measured in sea surface topography by the ERS altime-
ter, and in sea surface temperature by the ERSAlong Track
Scanning Radiometer(ATSR).

4.3 Along Track Scanning Radiometer (ATSR)
Applications

Remote sensing data from the ERS-2 ATSR-2 allows the mon-
itoring of agricultural fires and wildfire distribution on a global
scale and in near real time. All hot spots (including gas flares)
with a temperature higher than 312 K at night are precisely lo-
cated (better that 1 km). Data from the ATSR sensor is also used
for volcano monitoring applications and measuring ocean skin
temperatures.

4.4 Global Ozone Monitoring Experiment
(GOME) Applications

Atmospheric ozone and NO2 global monitoring have been going
on since GOME products became available (July 1996). Addi-
tional applications could stem from on-going scientific studies,
as GOME data can also be used for retrieving other trace gases
relevant to the ozone chemistry as well as other atmospheric
constituents and climatic variables like clouds, aerosols and so-
lar index, all of which are crucial for assessing climate change.

4.5 Microwave Sounder (MWR) Applications

The ERS-2 microwave sounder is being used to monitor the
Antarctic ice cycle. Mapping the radiometric properties of the
ice-shelf, which has a slower time evolution than the atmosphere

and the ocean, provides a valuable input for the understanding
of the growth, decay and dynamics of ice sheets. This in turn is
fundamental to the understanding of environmental and climatic
changes.

4.6 Synthetic Aperture Radar (SAR) Applica-
tions

Observations of the Earth usingSynthetic Aperture Radar
(SAR) have a wide range of practical applications, such as:

On the oceans:

� Most of the man-made illegal or accidental spills are highly
visible on radar images. Ships can be detected and tracked
from their wakes. Natural seepage from oil deposits can
also be observed, providing hints for the oil industries. Sci-
entists are studying the radar backscatter from the ocean
surface which is related to wind and current fronts, eddies,
and internal waves. In shallow waters SAR imagery allows
one to infer the bottom topography. The topography of the
ocean floor can be mapped using the very precise ERS Al-
timeter, because the sea bottom relief is reflected on the
surface by small variations of the sea surface height.

� The ocean waves and their direction of displacement can
be derived from the ERS SAR sensor operated in “Wave
Mode”. This provides input for wave forecasting and for
marine climatology.

� At high latitudes, SAR data is very useful for regional ice
monitoring. Information such as ice type and ice concen-
tration can be derived and open leads detected. This is es-
sential for navigation in ice-infested waters.

On the land:

� The ability of SAR to penetrate cloud cover makes it par-
ticularly valuable in frequently cloudy areas such as the
tropics. Image data serve to map and monitor the use of
the land, and are of increasing importance in forestry and
agriculture.

� Some geological or geomorphological features are en-
hanced in radar images thanks to the oblique viewing of
the sensor and to its ability to penetrate (to a certain extent)
the vegetation cover.

� SAR data can be used to georeference other satellite im-
agery to high precision, and to update thematic maps more
frequently and cost-effectively, due to its availability re-
gardless of weather conditions.

� In the aftermath of a flood, the ability of SAR to penetrate
clouds is extremely useful. Here SAR data can help to op-
timize response initiatives and to assess damages.

� Interferometric SAR (InSAR) can be used, under suitable
conditions, to derive elevation models or to detect small
surface movements, in the order of a few centimeters,
caused by earthquakes, landslides or glacier advancement.
This interferometric technique has strengthened as a result
of the first ERS-1/ERS-2 Tandem phase, which lasted for
about 9 months (until May 1996).



5 Remote Sensing Applications in the
Earth Environment

5.1 Climate monitoring

Climate monitoring concerns the monitoring of the atmosphere
and of other components of the earth system as well as the mon-
itoring of global climate indicators (e.g. global mean earth sur-
face temperature and precipitation). Satellite measurements ap-
pear to satisfy the need for global measurements.

The earth climate shows great variability over different time
scales spanning from decades to thousands of years and more.
Past climatic conditions are studied by analysing ice cores,
sea/lake sediments, shorelines movements, tree pollen, etc. Nu-
merical experiments are also run in which a Global Circulation
Model is used to explore the possible climatic changes related
to, for example, the Earth axis oscillations. Knowledge of past
climate can help in predicting the future. Abrupt changes may
serve in the identification of thresholds values that can trigger a
non-linear behaviour of the earth system (and hence may cause
high variations). The overlapping of climate variability on dif-
ferent time scales is the very challenge in predicting climatic
changes.

A fundamental role in the determination of the earth climate
is played by the solar radiation reaching the earth affecting the
ground surface energy balance. The radiation spectrum at the
earth is strongly influenced by atmospheric constituents: not
only the amount of radiation but also its spectral distribution
is crucial.

5.2 Coastal zone monitoring

5.2.1 Detection of oil spills

One of the most significant environmental concerns worldwide
stems from oil pollution. During the last thirty years, pollution
of the world’s oceans, particularly in coastal areas, has become
a matter of increasing international concern. In spite of rigorous
controls, deterioration of water quality, especially in waters sub-
ject to heavy shipping, continues at a high rate. Due to the rel-
ative volumes of discharges, illegal emissions from ships repre-
sent a greater long-term source of harm to the environment than
infrequent large scale accidents. Monitoring illegal discharges is
thus an important component in ensuring compliance with ma-
rine protection legislation and the general protection of coastal
environments. Traditionally, this service uses airborne patrols
which are expensive and provide often only patchy coverage.
Fast delivery SAR products are proving to be of great value in
the optimisation of air-borne surveillance resources, due to the
large area they can image at any one time. Size, location and dis-
persement of the oil spill can be conveniently determined using
this type of imagery.

5.2.2 Shallow water bathymetric mapping

SAR imagery, acquired under suitable ocean current and sur-
face wind conditions allow the bottom topography for an area
of tidal sea to be visualised. This imagery is then used to in-
fer bathymetry using a numerical inversion procedure. Com-
bining conventional echo sounder data from a survey track with
SAR imagery can shorten survey times considerably, producing

a bathymetry map of the required accuracy and thus representing
a major saving in costs.

5.2.3 Ship detection in coastal regions

Knowledge of the whereabouts and activities of ships in coastal
regions is useful to a range of government and law enforcement
agencies, such as those concerned with enforcing legislation
regarding fishing activities in Exclusive Economic Zones, and
environmental protection agencies to support pollution control.
The information is also of use to the coastguard for use both in
search and rescue operations and in law enforcement activities,
to supplement land-based coastal surveillance radar which has a
maximum range of under 100 km. It has long been recognised
that satellite-based radar has the ability to detect and monitor
vessel traffic. Due to the nature of the radar, monitoring can
take place through cloud cover and at night thus proving an ad-
vantage over optical data. As well as detection of vessels it is
possible to derive various characteristics of each vessel such as
location, speed, heading, and broad class of vessel.

5.3 Land use, forestry and agriculture

In the original mission objectives, observing the land surface
was viewed as an experimental application for ERS-1 data.
However, the ability to monitor crop development and forestry
changes independent of weather conditions, offers a major po-
tential application area for ERS data.

An important technique which has been developed for ter-
restrial applications is multitemporal SAR analysis. Three in-
put SAR datasets, acquired at different times, are assigned the
colours red, green or blue. Changes between acquisitions can
then be detected by observing the colours that appear in the im-
age which reflect the change in the state of land cover. Crops
planted at varying times and developing at varying rates can be
identified, increasing the accuracy with which crop areas can be
mapped and acreage estimated. Multitemporal analysis is also
being applied to monitor logging in forested areas.

5.3.1 Agricultural monitoring

Monitoring of the Common Agricultural Policy of the European
Union, in particular the implementation of the so-called ‘set-
aside’ agreement in which farmers are paid subsidies to limit
their production, is now undertaken partly with Earth Observa-
tion data. Earth Observation data also provides a common data
source and standardised methodology for the collection of agri-
cultural statistics. The use of ERS SAR data is gradually being
introduced as part of this effort. Monitoring the scale of global
crop production and trade has been identified as an area in which
ERS SAR data may be able to assist. In particular in South East
Asia, several governments are now looking into the use of ERS
data for monitoring their rice crops.

5.3.2 Tropical forest monitoring

The requirements for information on the world’s forests are var-
ied. Some established mapping and monitoring systems are in-
troducing ERS SAR data, and other organisations are starting
projects as a result of having access to this new source of data.
ERS provides information for maps of forest extent and type in



tropical areas which have not previously been mapped due to
almost continuous cloud cover.

SAR data are being used as the unique data source, and in
conjunction with other remotely sensed data, to map forest dam-
age, the encroachment of agriculture onto forested areas unsuit-
able for development, and in general to provide inventories of
timber areas.

5.4 Natural resources exploitation

As known global oil and gas reserves diminish, oil companies
are under a great deal of pressure to tap new sources. In the past
few years, exploration managers have been looking increasingly
to frontier areas offshore, such as the Arctic and South East Asia
to supplement existing reserves. Exploration in these frontier ar-
eas brings a whole new set of problems, since these areas have
seldom been surveyed by conventional ship survey methods, and
additional problems may exist through harsh environmental con-
ditions, especially in the Arctic. In order to make large scale
surveying of as yet unexplored regions as cost-effective as pos-
sible, exploration managers are looking to new methods, such as
the use of satellite data.

The identification and mapping of terrestrial structures related
to hydrocarbon and mineral deposits is the key to many indi-
vidual applications within geology, such as general geological
mapping and mineral deposit location. Ground based surveys
can often experience difficulty in the detection and mapping of
large scale lineament features which indicate deposits, whereas
they are often readily visible from satellite imagery such as SAR
due to its side look viewing geometry.

5.4.1 Marine gravity anomaly mapping for offshore hydro-
carbon exploration

Conventional methods of surveying an offshore area are grav-
ity, magnetic and seismic surveys by ship, which are labour
intensive and expensive especially on a regional scale for the
purposes of preliminary surveying. Gravity anomaly maps de-
rived from altimetry from ERS and other satellite missions pro-
vide an alternative to these expensive ship surveys for a regional
overview of the potential existence and position of viable de-
posits. The expense involved in such a survey is so vast that
even small percentage savings on current operational costs make
the use of satellite-derived alternatives very attractive to indus-
try. The ERS-1 Geodetic Mission, completed in 1994, provides
geographically uniform coverage up to latitudes of 82 N, of
a relatively high spatial resolution dataset for deriving gravity
anomaly.

5.4.2 Basin screening for natural oil seepage

Natural oil slicks on the sea surface due to seepage arising from
sub-sea hydrocarbon deposits can be identified and analysed us-
ing ERS SAR images. It requires a considerable volume of
data as the location of the oil-bearing structures must be stud-
ied using data over a long time series. However, combined with
satellite-derived gravity maps which reflect the regional struc-
ture of the lithosphere, the economic potential of a particular
basin for hydrocarbon exploitation can be estimated. The finan-
cial implications in the provision of such a service are consid-
erable. Savings in time and expenses that are realisable using

these methods provide a potential market estimated to be in the
region of US $5–10 million per annum worldwide.

5.4.3 Identification of terrestrial mineral deposits

There is already a high degree of acceptance of the use of op-
tical EO data in geological mapping applications due to the lo-
gistics and economics involved in locating features such as base
metal deposits or hydrocarbon reserves. Unique properties of
SAR data are now being exploited to aid further the exploita-
tion of natural resources by detecting the lineament features and
anti-cline structures which may indicate the presence of min-
eral deposits. Due to it’s side look viewing geometry SAR data
is particularly effective in identifying these geological features,
and in detecting them even when masked by vegetation.

5.5 Map compiling and updating

Highly developed areas of the world have been mapped to a very
high accuracy and precision, using ground and aerial surveying
methods which are on the whole expensive and labour intensive.
However, particularly in the frontier regions where an impact
from human development is being felt, the land’s topography is
still poorly mapped and any existing maps are out-of-date or of
insufficient scale. A cost-effective method is required for the
production of new maps, and updating old ones.

The world’s mapping industries are currently experiencing
rapid technological and organisational change. Increasingly, in-
formation is needed in digital formats enabling sophisticated
analysis to be undertaken, producing products such as digital
terrain models, over which land cover information can then be
draped. Digital data are also of great value in the rapidly ex-
panding market for GISs, which are now being used extensively
to integrate data from different sources for land management,
monitoring and planning.

The cartography market has always been important in the de-
velopment of commercial applications of EO data, and ERS is
no exception. The use of ERS-1 SAR data is providing a marked
improvement in the accuracy of maps produced for developing
countries. The SAR data are being combined with data from op-
tical sensors such as SPOT to help increase the thematic and in
particular the geolocation accuracy of the latter. The use of in-
terferometric techniques for the production of digital elevation
models is potentially a major application of SAR data. Topo-
graphic maps are being compiled from ERS data for areas of the
world not previously mapped because of their remote location
and high frequency of cloud coverage. This information is of
value to a range of activities, from managing land-use develop-
ment to planning logistics of deposit exploration.

5.6 Marine environment: hazards and risks

Earth observation data from the ERS satellite is helpful in the as-
sessment and/or forewarning of a range of environmental risks
and hazards in the marine environment, whether natural or man-
made. Warning or forecasting systems may cover: risk as-
sessment and management, hazard monitoring and forecasting,
warning formulation, transmission and dissemination of warn-
ings, and response mechanisms.

The emphasis of the use of spaceborne SAR data for monitor-
ing sea ice and illegal oil spills is in complementing existing data



sources, and optimising conventional monitoring and response
mechanisms. This is due to the temporal and spatial coverage
characteristic of satellites. ERS-2 Low Bit Rate data however,
which is acquired more or less continuously, can provide the
primary data source for certain marine services, where data col-
lected fromin-situ measurement techniques such as buoys do
not exist.

5.6.1 Forecasting sea state for offshore operations and ma-
rine engineering

Marine conditions change very rapidly and can vary consider-
ably between locations only a few kilometres apart. Errors in
the planning of marine operations dependent on favorable condi-
tions can be economically damaging, and in extreme cases even
cost human lives. Consequently, weather and sea-state forecasts
are critical to activities such as ship routing, fishing, manage-
ment of offshore operations and coordinating rescue services, all
of which require accurate and reliable information within a few
hours of observation. To serve this marine market, the ERS Low
Bit Rate fast delivery data stream, the development of appropri-
ate ocean and weather forecasting models and data assimilation
schemes, and an operational mobile communications infrastruc-
ture are all essential components.

The use of fast-delivery products from the ERS series radar
altimeter, scatterometer, SAR and ATSR instruments can im-
proves the accuracy and coverage of weather and sea-state fore-
cast services. ERS offers consistent and geographically homo-
geneous data, for monitoring and forecasting of frontier areas
where such a service did not previously exist, due to lack of suf-
ficient coverage by ships of opportunity.

5.6.2 The climatology of marine areas for offshore opera-
tions

Information on the local climatology of waves is important in
minimizing risks for a wide range of marine activities, such as
locating offshore installations, planning offshore operations, for
coastal defence planning and for the planning of naval exercises
and other major ship routing operations.

Time series of sea state information are being developed as a
basis for predicting conditions. For information on wave height,
there exists presently ten years worth of data available from the
Geosat, Topex-Poseidon altimeters as well as the ERS series.
As this time series lengthens, the value of the information in-
creases in terms of the ability to estimate seasonal climatolo-
gies, and predict extreme wave parameters such as the 50 year
return waveheight. Information on the climatology of wave pe-
riod and direction can also be derived from ERS instruments,
useful modelling oscillations in coupled structures such as when
fixing a riser pipe to an oil rig.

5.6.3 Sea ice monitoring and navigation for Arctic opera-
tors

Daily sea-ice information is required for navigation during win-
ter throughout the northern Baltic, around Svalbard, the Green-
land Sea, along the east coasts of Canada and northern USA, the
Great Lakes, and during summer in the European, Russian and
Canadian Arctic. Three to seven day forecasts are also needed
for strategic planning. The type of information required includes

location of the ice edge, estimates of ice type and it’s concentra-
tion. Also important is measurement of ice drift and speed.

The efficacy of Fast Delivery ERS SAR data has been demon-
strated within well-established national sea-ice services. This
use is based mainly upon manual interpretation, and is used as a
complementary data source to traditional satellite sources such
as Passive Microwave Radiometry, and low resolution optical
data. In parallel, value-adding companies within Europe are de-
veloping the next generation of workstation which incorporate
new techniques from the science community in order to auto-
mate feature interpretation and tracking. Additionally, demon-
strations are being made of the use of ERS SAR data for ship-
ping and offshore activities close to the ice edge.

5.7 Natural disasters

5.7.1 Volcanoes

Ground-based measurements of volcano deformation can be
used to assess eruptive hazard, but require the costly (and often
hazardous) installation and maintenance of instrument network.
It has been demonstrated that spaceborne radar interferometry
can be used to monitor long term volcano deformation. The de-
formation associated with the last large eruption of Mount Etna
(1991–93) was measured and interpreted using the InSAR tech-
nique for the first time on a volcano.

5.7.2 Earthquakes and Landslides

The magnitude 7.3 Landers earthquake of 28 June 1992 ruptured
over 85 km along a complex fault system in the Mojave Desert
of California. The Landers earthquake sequence provided an
ideal test case for radar interferometry, because its shallow depth
produced spectacular surface rupture in an arid area less than
three months after the ERS-1 satellite began acquiring radar im-
ages in its 35-day orbital cycle. With 20 fringes in the shape of
a crushed butterfly, the first earthquake interferogram illustrated
the coseismic deformation field with over a million pixels.

5.7.3 Floods

Bad weather and therefore dense cloud cover usually accom-
pany floods, and therefore optical sensors cannot be used for
monitoring purposes. Radar satellites, however, can penetrate
the cloud cover with their microwaves, and thus deliver valu-
able information for future planning and prevention.

5.7.4 Hurricanes

RADARSAT transmits a microwave frequency known as C-
band (with a wavelength of about 5.6 cm). The RADARSAT
images are a measure of the amount of energy reflected back to
the radar antenna following interaction of the transmitted pulse
with the ocean’s surface. The degree of backscatter depends
on the roughness of the surface at the scale of the radar wave-
length. For the ocean surface, the short scale roughness is influ-
enced primarily by the surface wind speed. Unlike optical sen-
sors, radar waves can penetrate all weather conditions includ-
ing clouds and rain. Having an all-weather imaging capability
makes radar unique in being able to detect the effects of hur-
ricanes on the ocean surface with high spatial resolution. The



hurricane features visible in the RADARSAT imagery are an
imprint of the hurricane on the ocean surface roughness. In the
RADARSAT imagery, the eye of the hurricane appears darker
than its surrounding area because the wind speed at the centre
of the hurricane is lower.

6 Conclusions

It has been shown that there is a wide range of applications for
satellite imaging radar products. Furthermore, ongoing research
and development is continually expanding the current range of
applications. One of the most important characteristics of imag-
ing radars is their ability to penetrate cloud cover and to acquire
data either by day or by night. It is this all-weather capability
that has contributed significantly to the many commercial appli-
cations of satellite imaging radar.
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