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Environmental & Disaster Monitoring from Space
Part I – Introduction
(i) Earth Observation Satellites; Optical and radar imagers; Monitoring
constellations; Ground receiving stations.
(ii) International Charter – “Space & Major Disasters”.
Part II – Disaster Monitoring
(i) Flooding & landslides - Middle Europe, Philippines, etc.
(ii) Coastal flooding from hurricanes and tsunamis – Burma, Sumatra.
(iii) Volcanic eruptions – Italy, Chile, Congo.
(iv) Forest, bushland & grassland fires – U.S.A. and Australia.
Part III – Environmental Monitoring
(i) Monitoring oil spills – Lebanon, Spain, Russia.
(ii) Monitoring ice shelves & sea ice extent – Arctic & Antarctic.
(iii) Monitoring desertification & sand and dust storms.
(iv) Monitoring algal blooms – Atlantic Ocean; Baltic & Caspian Seas.
(v) Monitoring mining – Canada, Chile, Russia.
(v) Monitoring agriculture – Global systems; USDA FAS/OGA
(vi) Monitoring forestry – Tropical forests; Boreal forests
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Geostationary Satellites
These weather satellites rotate around the
Earth at the same speed as the Earth rotates –
hence they remain above the same point on the
Equator and at the same altitude (36,000 km)
above the Earth – like TV broadcast satellites.

(a) Images can be obtained
from these satellites every 15
to 20 minutes – so severe
weather can be tracked over
a large fixed area.

Satellites: GOES, GMS,
GOMS, Meteosat, Feng
Yun, MetSat.

(b) However the images
have a poor ground
resolution – 1 km at best !
(c) Good coverage of
Equatorial areas; poorer
coverage towards the Poles !

Polar Orbiting Satellites
These satellites travel from pole to pole in a circular orbit.
They acquire image data, often in a wide swath, over the
Earth’s surface as the Earth spins below the satellite.
Satellites (i) High-alt. / Low res. –
MODIS (ii) Lower-alt. / Med. Res.
– Landsat; SPOT; IRS/Cartosat

(a) From a high altitude
(800 km), the imager gives a
wide swath (3,000 km), but
low-resolution image:–
GSD = 250 to 500 m.
(b) From a low altitude (500
km), narrow swath (60 to
185 km), high-resolution
image:– GSD = 5 to 30m.

(i) Polar orbiting
satellite will only
pass over a point
on the Earth
twice per day.
(ii) With highresolution +
narrow swath, it
may take days or
weeks to cover a
specific area.
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Satellites with Optical Imagers
(a) These satellites are by far the most common – most only operate during the
daylight hours. Only a very few satellites operate in the dark using IR sensors.
(b) There is a huge range in resolution & coverage between different satellites.
(c) Cloud cover is a problem if the ground is to be imaged.
MODIS scanners are mounted
on the Terra & Aqua satellites.
Resolution: 250 m to I km
Swath: 2,330 km wide

ETM+ scanner is
mounted on the
Landsat-7 satellite.
Resolution: 15/30 m
Swath: 185 km wide

Kodak scanner on IKONOS satellite
Resolution: 1 to 4 m Swath:11 km

Optical Satellites – 3D Stereo-Imagery
There are also a small number of optical satellites that have imagers that are
dedicated to the acquisition of 3D stereo-imagery for height measurements.

French
Spot-5
satellite with
its HRS
imager

Indian Cartosat-1 satellite

Japanese ALOS satellite with its Prism imager
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Optical Satellites – Monitoring Constellations
There are also two commercial
constellations of mini-satellites
that have been set up specifically
to conduct monitoring from
space.
(i) The first is the Disaster
Monitoring Constellation (DMC)
that comprises seven satellites
built in the U.K. by SSTL – UKDMC-1 & -2; NigeriaSat-1;
Beijing-1; Alsat-1; Deimos-1;
Bilsat. – GSD:- either 22 or 32 m;
Swath:- 600 km.
(ii) The second is the RapidEye
constellation comprising five
satellites built by SSTL and
equipped with JSS56 pushbroom
scanners from Jena Optronik –
GSD:- 6.5 m; Swath:- 78 km.

DMC Satellites

RapidEye Satellites

Satellites with Radar Imagers
(a) Side-looking radars are also used to create images of the Earth’s surface.
They fire a continuous series of microwave pulses towards the surface and
receive the reflections back from the ground objects to form an image.
(b) The use of radar allows day and night and all-weather operation.

(i) Most radar satellites are very large and heavy with large antennas and very
high power requirements.
(ii) The satellites are expensive to build and need very powerful launchers.
(iii) The images of the ground are quite “rough” in appearance with a lot of
clutter (speckle) on them, which lowers their resolution and interpretability.
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Ground Receiving Stations
Dipole
Aerial

Parabolic
Dish
Antenna

Large
Fixed
Station

(a) There are thousands of ground stations world-wide that routinely receive
images from Earth Observation satellites - but with widely varying capabilities.
(b) Small receivers @ colleges receive weather data; fixed stations with large
dishes (up to 10 m diameter) are needed to receive radar or hi-res optical data.
In Scotland, there are two
main ground stations – (i)
at the University of
Dundee: and (ii) at the
West Freugh range
operated by QinetiQ

Ground Receiving Stations
(a) There is a large group of
ground stations in the Arctic –
in Scandinavia & Alaska –
that receive data from the
numerous polar-orbiting
satellites on every orbit.
(b) See the coverage masks
for the Tromso & Svalbard
ground stations at right.

Fairbanks, Alaska
Kiruna, Sweden
Svalbard (Spitzbergen)
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International Charter – “Space & Major Disasters”
(a) Many of the satellite images that are used to monitor disasters are supplied
by the members of the International Charter who operate EO satellites.
(b) This coordinated use of space imagery by the Charter members in support
of relief operations has been activated frequently – on average once or twice
per month – since it was formed in Year 2000.

About the Charter
(a) The International Charter aims at providing a unified and coordinated system
of space data acquisition and delivery to those affected by natural or manmade disasters through Authorized Users.
(b) Each member agency has committed resources to support the provisions of
the Charter and thus is helping to mitigate the effects of disasters on human
life and property.

Flooding – Middle Europe – 1 (2002)

Storm

Pre- &
PostFlood

Wittenberg
Radar
Images

Tangermunde

6

Flooding – Middle Europe – 2 (2002)

Dessau & Wittenberg Area - Landsat

Dresden Area – LISS (Indian) Image

Flooding – Middle Europe – 3 (2002)

The actual flooding on the ground

Dresden – Hi-resolution IKONOS image
Map of flooding in Dresden
compiled from Hi-res image
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Flooding & Landslides – Dominican Rep. - 2004

Flooding & Mudslides – Philippines - 2006
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Flooding – Mozambique - 2007

Flooding – South West England - 2007
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Flooding – Argentina - 2007

Coastal Flooding – Myanmar – May 2008

Cyclone Nargis over the Bay of Bengal

Village before and after Cyclone Nargis
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Coastal Flooding – Myanmar – May 2008

Coastal Flooding – Tsunami – Sumatra - 2004

SW Sumatra Coast – 13 Dec., 2004

SW Sumatra Coast – 29 Dec., 2004
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Coastal Flooding – Tsunami – Sumatra - 2004

Coastal Flooding – Tsunami – Sumatra - 2004

Banda Aceh – 12th April 2004

Banda Aceh – 2nd January 2005
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Coastal Flooding – Tsunami – Sumatra - 2004

Gleebruk – 12th April 2004

Gleebruk – 2nd January 2005

Coastal Flooding – Tsunami – Sri Lanka - 2004

The Tsunami wave reaches Kalutara, Sri Lanka on 26th December, 2004
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Volcanoes - Mount Etna - 2002
(a) Mount Etna in Sicily
erupts at regular intervals.
(b) Low-res optical images
acquired by the MODIS
imager (left) and by an
astronaut on the ISS (far left)
Tracking
sulphuric acid
clouds from
Mt. Etna using
the MetOp
weather sat.
High-resolution images of
Mount Etna that have been
acquired by an astronaut on
the ISS (left); and by the
high-resolution commercial
QuickBird satellite (right).

Volcanoes – Chaiten, Chile – May 2008

(a) Chaiten Volcano, lying 1,200 km s. of Santiago, started
erupting in May 2008 after being dormant for 9,000 years.
(b) Its ash cloud spread over south Argentina and beyond
into the South Atlantic.
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Volcanoes – Chaiten, Chile – May 2008
(a) Huge amounts of ash were deposited,
carpeting the town and forming ash deltas
in the sea. Pyroclastic flows also occurred
(b) The town has had to be evacuated.

Volcanoes – D. R. Congo - Nyiragongo

(a) Two large volcanoes exist
in the east of D.R. Congo
near the border with Rwanda.
(b) Currently Nyiragongo is
very active – it erupted with a
huge lava flow that reached
Lake Kivu and destroyed part
of the city of Goma in 2002.
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Monitoring Forest Fires – U.S.A.
Fires in
Southern
California.

A large area of fire damage in Glenwood Springs.

Smoke
from
fires in
Quebec,
Canada
cover
much of
North
Eastern
U.S.A.

Monitoring Forest Fires – Australia
Many areas in Australia are very dry
seasonally, so grassland, bushland and
forest fires occur regularly and cause
much damage.
Fires in
Cape York
Fires in South
Peninsula
Australia

South Eastern Australia

Fires around Canberra

Fires in Barry Mountains

Fires around Sydney
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Monitoring Oil Spills
An oil slick at sea “smoothes” the water surface
and thus reduces the backscatter to the radar
sensor. This creates a darker signature in the
satellite radar image which, after automatic
processing, experienced analysts can then
interpret as a possible oil slick.

Kerch Strait
N.W. Spain

Monitoring Ice Shelves - Antarctica

Larsen-B Ice Shelf

Thwaites
Glacier
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Monitoring Extent of Arctic Sea-Ice
The monitoring of the
sea-ice in the Arctic
Ocean is carried to
establish its extent in
connection with
global climate
change & marine
navigation
Radar images
Greenland
Labrador

Optical Images

Kara Sea

Svalbard

Monitoring the Drying-up of the Aral Sea

During the Soviet era, the semi-arid plains of
Uzbekistan & Kazakhstan were converted to
cropland using irrigation - result was near-total
diversion of the water flowing to the Aral Sea
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Monitoring Sand & Dust Storms - I

Huge sand storms
from the Sahara
Desert & Saudi
Arabia pass over the
Atlantic & Indian
Oceans, the
Mediterranean &
Arabian Seas and the
Persian Gulf.

Monitoring Sand & Dust Storms - II

The Gobi Desert of Inner Mongolia is a cold
desert. However it is expanding and sand storms
are becoming ever more frequent. The sand is
blown eastwards across North China and the
Yellow Sea to reach Korea & Japan – and can
cross the Pacific Ocean to reach North America.
Sand & dust
storms can
also
originate
from glacial
areas
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Monitoring Algal Blooms
(a) These plants form the base of the marine food
chain. Places where algal blooms are frequent can
often support a thriving marine population.
(b) However there
are also Harmful
Algae Blooms
(HABs) whose
position and
extent have to be
monitored from
satellite imagery.

Namibia
Ireland
Falkland
Islands

Caspian
Sea

Baltic
Sea

Monitoring Mining - Diamonds

Ekati Diamond Mine, North West Territories, Canada
Mirny Diamond
Mine, Siberia
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Monitoring Mining – Chile – Copper Mines

Chuquicamata Mine in the Atacama Desert

Escondida – Two
open-cast pits – the
largest in the World

Monitoring Pollution from Smelting
Norilsk, Siberia with its nickel mines and
smelters – an area with high pollution levels
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Monitoring Agriculture - I
Agricultural land
use studies of
large areas are
almost always
carried out using
spaceborne
imagery.

This SPOT image
shows development Differing agricultural land use patterns – (a) Minnesota:
(b) Kansas; (c) N. Germany; (d) Bolivia; (e) Thailand;
of Centre Pivot
Irrigation in Egypt. & (e) Brazil.

Monitoring Agriculture - II
(i) The monitoring
of agriculture
crop production
from satellite
imagery is being
conducted at
global, regional &
national levels by
many countries.
(ii) At the global
level, in the USA,
the Foreign
Agricultural
Service carries
out crop surveys
using MODIS,
Landsat &
Resourcesat
imagery + ground
surveys

Example of a USDA crop survey & forecast from Ethiopia
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Monitoring Tropical Forests
(i) The tropical forests of the Amazon are an
area of high concern as large parts of them are
being cleared to accommodate settlers.

1992 – L4 & 5

2006 - ASTER

(ii) DMCII has been
contracted to supply
images from its
DMC constellation
to continually
monitor the
changes within
Brazil.

Monitoring Boreal Forests
(i) During the 1990s, the boreal forests of Russia were mapped from Resurs MSU
imagery (with GSD = 150 m) to provide information on their overall extent.
(ii) Since 2005/6,
a system that is
monitoring forest
logging has been
implemented by
ScanEx. Much
illegal logging has
been detected.
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Concluding Remarks
(i) There are around 50 Earth Observation (EO) satellites in orbit at the
present time – most (90%) are being operated by government agencies. This
number is expected to grow to 75 (50 with optical imagers and 25 with radar
imagers) by 2015.
(ii) Compare these numbers with the 100+ communication and
broadcasting satellites that are in operation at the present time.
(ii) Not all of these EO satellites are used for environmental and disaster
monitoring purposes – quite a number of the higher-resolution satellites are
being used primarily for defence and military intelligence gathering
purposes – although they are used for disaster monitoring purposes if the
need arises.
(iii) Airborne imaging systems are also widely used to collect geospatial
data – especially at high resolutions and large scales over local areas. They
are much more flexible in operation than satellites and the resulting imagery is
often much less expensive to produce and to purchase.
(iv) However Earth Observation satellites are now well established for the
imaging of large areas of the Earth’s land and ocean surfaces at medium
resolution for environmental monitoring purposes.

24

