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“…..Earth looked so tiny in the heavens that 
there were times during the Apollo 8 
mission [1968] when I had trouble finding 
it…….the Earth should be thought of as [a] 
fragile Christmas-tree ball which we should 
all handle with considerable care…”

William A. Anders, 
Apollo 8 Astronaut





Remote Sensing for 
Earth Observation

• The acquisition of 
information about the 
environment without 
contact with it.

• Uses passive or active 
electromagnetic 
radiation



















Electromagnetic radiation – the medium by 
which remote sensing operates

Target – what we are observing

Sensor – measures radiation from the target

Atmosphere – need to consider its influences

Consider the four main 
components:



Electromagnetic 
Radiation



Electromagnetic Radiation: 
Basic Wave Theory

• The waves can be characterised through a 
number of variables:

• The three variables of wavelength, 
frequency and speed are related to each 
other by the general equation:

c = vλ (1)              

• since c is regarded as a constant (3 x 108

msec-1), frequency and wavelength for any 
given wave are related inversely, and 
either can be used to categorise any wave.  





Transmission of EMR through 
Atmosphere: the windows



Main Regions of the Electromagnetic 
Spectrum used in Remote Sensing

Region Name Wavelength Range Details

Visible 0.4 - 0.75μm
Narrow but well used region since the short
wavelengths are of high frequency and high energy.
Comprises the three additive primaries; blue (0.4 -
0.5 μm), green (0.5 - 0.6μm) and red (0.6 - 0.7 μm).

Near Infrared
(NIR)

0.75 - 1.5μm Start of the region beyond the red wavelengths. Like
visible region, frequently used in remote sensing.

Mid Infrared 1.5 - 5.0μm

Comprises two main portions; shortwave infrared
(SWIR; 1.5 - 3.0 μm) and middle infrared (MIR; 3.0
-5.0 μm). MIR radiation measured by sensors can
comprise a mixed signal of reflected solar radiation
and radiation emitted from the Earth’s surface.

Thermal Infrared
(TIR)

5.0 - 15.0μm
Comprises of long wavelengths of lower frequency
and thus lower energy. Much of the thermal infrared
signal is comprised of emitted radiation from the
Earth’s surface.

Microwave 1mm - 1m
Longest wavelengths used in remote sensing. Passive
remote sensing difficult as wavelengths have low
energy so some sensors that record microwave
radiation in this region generate radiation artificially
and measure radiation backscattered from the Earth.



Sources of EMR:

• Natural: all objects with a 
temperature above absolute zero 

(-273 oC, 0K) emit EMR continuously
• Sun 
• Earth’s surface
• Atmosphere

• Artificial: 
• Radar (radio detection and ranging) 

(operates at microwave wavelengths).
• Lidar (light detection and ranging) has 

grown in popularity recently (uses laser).



Any additional titles
or important information

The body text continues here
with highlighted text being in 
Verdana Bold

The target



Environmental 
Properties

 
                   Electromagnetic Spectrum (wavebands) 
Environmental 
Component 

Visible 
(0.4-0.7 μm) 

Near infrared 
(0.7-1.5 μm) 

Middle infrared 
(1.5-5.0 μm) 

Thermal infrared 
(5.0-15.0 μm) 

Microwave 
(3-300 cm) 

Rock and Soil • Iron Bearing 
minerals 

• Texture/structure 
• Soil moisture 
• Organic matter 

• Iron bearing minerals 
• Texture/structure 
• Soil moisture 
• Organic matter 

• Texture/structure 
• Soil moisture 
• Organic matter 
• Carbonates 
• Sulphates 

• Temperature • Surface soil moisture 
• Texture/structure 

Vegetation • Chlorophyl 
 
 
 
 

• Physiological 
structure 

• Protein 
• Lignin 
• Oil 

• Water content 
• Nitrogen 
• Lignin 
• Sugar 
• Cellulose 

• Temperature • Canopy structure and 
roughness 

Snow and Ice • Snow depth 
• Snow grain size 
 
 
 
 

• Snow water 
• Snow grain size 

• Water/ice 
differentitaion 

• Cloud/ice 
differentiation 

• Temperature • Snow depth 

Water • Organic matter 
• Suspended 

sediments 
• Chlorophyll 
 

  • Surface temperature • Surface roughness 

Atmosphere • Aerosol properties 
• Cloud thickness 
• Aerosol optical 

thickness 

• Water vapour 
• Cloud top height 
• Aerosol optical 

thickness 
• Precipitable water 

• Cloud particle radius 
• Aerosol optical 

thickness 

• Cloud temperatures  



The sensor

The remotely sensed radiation 
(R) received by a sensor is a 
function (f) of the location (x), 
time (t), wavelength (λ) and 

viewing geometry (θ) of a given 
area of interest:

R = f(x, t, λ, θ)



The sensor
http://www.it
c.nl/research
/products/se
nsordb/AllSe
nsors.aspx

http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx
http://www.itc.nl/research/products/sensordb/AllSensors.aspx


Commonly the sensor records the 
radiation from a target in raster format 

to produce an image

Each pixel in the 
image layer displays
the Digital Number
high DN = high radiance

low DN = low radiance



Resolving the pixel



Sensor characteristics

Spectral resolution

Radiometric resolution

Spatial resolution

Temporal resolution



Spectral resolution



Spectral resolution



Spectral resolution



Image is acquired in each 
waveband - shows spectral 

radiance



Image is acquired in each 
waveband - shows spectral 

radiance



Image is acquired in each 
waveband - shows spectral 

radiance



Image display uses colour
additive principle



Spatial resolution

• Determined by IFOV and height of 
platform carrying sensor: controls swath 
width and pixel size

Platforms available to carry sensors:
satellites
helicopters
planes
booms/tripods
by hand (terrestrial)



Ikonos (1m)



Thematic Mapper (30m)



AVHRR (1.1km)



Meteosat (4km)



Temporal resolution





Laser scanning

http://www.eurosense.com/UK/serv_laser_uk.htm#Technical Considerations







Ikonos 
images



Inference of socioeconomic 
characteristics from RS 

• Studies have documented how quality-of-living 
indicators, such as house value, median family 
income, education can be inferred by extracting the 
following attributes from imagery:

• Building size (sq. ft), plot size (acerage), pool (sq. 
ft), placement of house on lot (distance from street), 
houses with driveway (%), health of landscaping, 
street width (ft), houses with garage. 

• The relationship between indicators and imagery-
derived indicators will vary by region or 
neighbourhoods. 









Exploiting 
advances in
sensing 
technology

• EO-1 Hyperion
• Proba CHRIS
• Envisat MERIS
• ADEOS-II GLI



Remote sensing 
radionuclide 
contaminated 
forests in 
Belarus



The Chernobyl 
disaster

• Explosion in reactor 4, April 1986

• 85Pbq Cs-137 released into environment

• Belarus received 80% of contamination

• Cs-137 predominant radionuclide                                    
still remaining today (half life 30.5 years)



Main Regions of High Levels of Radioactive Fallout 
(>555kBq/m2 Cesium-137 in 2001)

Exclusion 
Zone



Main Regions of High Levels of Radioactive Fallout 
(>555kBq/m2 Cesium-137 in 2001)

Populated 
areas N & NE of 
Gomel



Civinka, Vetka District 
(relocated 1991)





“My home..

1940 - 1991”



Agricultural land, forest, 
enterprises and resources 
removed from service as a 
consequence of Chernobyl

• 264 000 ha agricultural land

• 200 000 ha forest

• 54 agricultural & forest enterprises

• 9 service enterprises

• 22 raw material deposits
Source: UNDP/UNICEF (2002)



Investigate remote sensing of 
radionuclide contaminated forest

• Information on radionuclide 
concentration will afford the division of 
the forests into categories related to their 
ecological and economic capabilities. 

• Make decisions about future forestry 
practices and land-use in order to 
promote a sustainable economy in 
Belarus



Pinus sylvestris (12-25 years)

1.59 ± 0.72 1.59 ± 0.72 uSvuSv/hr/hr0.06 ± 0.01 0.06 ± 0.01 uSvuSv/hr/hr



1.67 ± 0.59 1.67 ± 0.59 uSvuSv/hr/hr0.15 ± 0.06 0.15 ± 0.06 uSvuSv/hr/hr

Pinus sylvestris (>70 years)
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Terrestrial

Airborne

Near-
Space

LEO/MEO 
Commercial 
Satellites 
and Manned 
Spacecraft

Far-
Space

L1/HEO/GEO 
TDRSS & 
Commercial
Satellites
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Coordinating Earth Observing Systems

Forecasts & Predictions

Aircraft/Balloon 
Event Tracking 
and Campaigns

User
Community

Vantage Points Capabilities





GIS

Spatial data

Hardware 
and software 

tools

An objective !

http://www.king
ston.ac.uk/centr
eforgis/resource
s.htm

http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm
http://www.kingston.ac.uk/centreforgis/resources.htm


http://homepage.ntlworld.com/paul.mather/ComputerProcessing3/index.html
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