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After:  V. Heywood / U. Reading

Observations
by satellite
possible

Biological diversity is � the variability among
living organisms from all sources�

It is the variability of life in all
forms, levels, combinations.

Three principal levels:

Ecosystem variety and
frequency

Species, frequency and
diversity

Genes, frequency and
diversity



Biodiversity Fields &
Information Explosion

¤ Fields:
¤ Biodiversity
¤ Biological diversity
¤ Agricultural

biodiversity
¤ Marine biodiversity
¤ Molecular biodiversity

¤¤ Google hits:Google hits:
¤¤ 40,000,00040,000,000
¤¤ 35,000,00035,000,000
¤¤ 7,000,0007,000,000
¤¤ 7,900,0007,900,000
¤¤ 1,790,0001,790,000

Source:  V. Heywood / U. Reading



Satellites and Biodiversity
¤ Satellite observations

have been been useful
¤ to identify significant

areas of biodiversity
¤ to predict species

distributions
¤ to model ecological

community responses to
environmental threats

¤ Optical and radar
satellite sensors focus
mainly on four
environmental
parameters:

¤ primary productivity,
¤ climate
¤ habitat structure and

habitat loss
¤ topography, slope

exposure / orientation
Source:  W. Turner; MODIS image: NASA



What is Satellite Remote Sensing ?What is Satellite Remote Sensing ?
¤ Acquiring data from the vantage point of

space without being in physical contact with
the •object„,

¤ e.g. for local observation, or for regional
surveillance, or for global monitoring

¤ Using high-tech sensors that (a) can ‰see¾
like the human eye, and  those that (b)
extend our human vision, e.g. thermal infra-
red, radar

¤ The art and the science of image analysis:
transformation of picture elements (‰pixels¾)
into useful & meaningful geographic
information products



�pixels�=
picture elements
of digital images

spectral resolution .. spatial resolution .. temporal resolution



�Active�sensors  (example:Radar)
Synthetic aperture radar (hi-res. images)
Altimeter (precision altitude measurements)
Scatterometer(surface roughness)
Microwave radiometer

�Passive�sensors
Camera (photos)
Multi-spectral scanner
Radiometer
(examples:LANDSAT
SPOT, MODIS)

Scanner



Near-polar orbiting
satellites

Geo-stationary satellite

Example of swath
coverage of a near-

polar orbiting satellite



Ngu� n: Prins 2002

Using Satellite Imagery for Biodiversity Studies

What Can Remote Sensing Do?

¤ Indirect measurements
of species diversity:

¤ patterns of species
diversity

¤ climate, habitat, primary
productivity

¤ Integration approach:
¤ satellite data
¤ GIS technology
¤ field observations
¤ topographic data



IKONOS image courtesy Google Earth / DigitalGlobe

SpeciesSpecies -- Area RelationshipArea Relationship
¤ The species - area

relationship is one of the
oldest rules of ecology: S
= cAz where S is number
of species, A is area and c
and z are constants

¤ Remote sensing can
provide accurate and
reliable area estimates
for A in this equation.

¤ Example: Mangrove area
loss to aquaculture



MODIS, at full 250 m resolution

IKONOSIKONOS
11 km
1 - 4 m res.

( cloud)( cloud) <  MODIS scene coverage: ~2300 km  ><  MODIS scene coverage: ~2300 km  >

Equivalent scene coverage area:Equivalent scene coverage area:

RADARSAT-1 ScanSAR Mode
500 km wide, 100 m res.

ScanSAR
Narrow
250 km
100 m res.

Standard
Mode
100 km
28 m res.

Fine
Mode
50 km
10 m

LANDSAT TMLANDSAT TM
185 km
15 - 30 m res.

UltraUltra--FineFine
ModeMode
20 km20 km
3 m3 m

RADARSATRADARSAT--22

SPOTSPOT
65 km
5 - 20 m res.

Typical Satellite Scene Coverage



Ikonos image courtesy HCL / Digitaglobe

Using Satellite Imagery for Biodiversity Studies

Recent Achievements

¤ Direct detection by
remote sensing of
species & assemblages:

¤ detection of species
¤ patterns of richness
¤ ecological communities
¤ large trees, mammals
¤ key satellite remote

sensing feature: high-
resolution (~1m)
imagery, e.g. IKONOS >>



Using Satellite Imagery for Biodiversity Studies

Remote Sensing & Land CoverRemote Sensing & Land Cover
¤¤ Assessment of landAssessment of land--covercover changeschanges at spatialat spatial

scales from local to continentalscales from local to continental
¤¤ Monitoring theMonitoring the raterate of habitat loss andof habitat loss and

conversion, locally and over large areasconversion, locally and over large areas
¤¤ Measurements of habitat loss can be convertedMeasurements of habitat loss can be converted

into quantitative estimates ofinto quantitative estimates of biodiversity lossbiodiversity loss
(species(species--aarea relationship)rea relationship)

¤¤ Remote sensing provides theRemote sensing provides the areaarea componentcomponent
of the equationof the equation

¤¤ Example:  monitoring deforestation ratesExample:  monitoring deforestation rates



Source:  CBC / AMNH
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Using Satellite Imagery for Biodiversity Studies
Change Detection and Disturbed Forest Cover:

Combining LANDSAT Images of Two Dates



Example:Example:

Habitat LossHabitat Loss

HHighigh--resolution IKONOS Dataresolution IKONOS Data
New Highway ConstructionNew Highway Construction

Central Viet NamCentral Viet Nam

~ 200 m

Gravel CrusherGravel Crusher

Water ReservoirWater Reservoir
(>new habitat)(>new habitat)TreesTrees

Highway CorridorHighway Corridor

Access RoadAccess Road

New DevelopmentNew Development

Tree AreaTree Area


