OW is the
today?

Bryony Bennett

hree years from now, Australia’s role in earth observation
Twill reach new heights with the launch of the European
Space Agency’s third remote-sensing satellite, Envisat. On
board Envisat will be the 30% Australian owned and developed
Advanced Along Track Scanning Radiometer (AATSR), a sensor
that monitors the health of the Earth by regularly taking its

temperature from space.
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CSIRO's Dr lan Barton and head of the
European Space Agency's Earth Observation
Mission Management Office, Dr Guy
Duchossols. Australia's scientific and
industrial expertise have contributed to the
agency's ERS satellite program in the areas of
equipment supply, experimentation, and in
validating the data received for climate

change and land use programs.

The ATSR's infrared radiometer
scans the Earth from two
different angles (0° and 51°) in
curved swaths 500 km wide and
separated, along track, by about
800 km at ground level. When
the different views are matched,
distortion caused by the
atmosphere can be eliminated,
yielding precise data that can be
applied in climate research and
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account for the influence of
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content of the atmosphere, This
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the ‘atmospheric correction’ of

sea-surface temperatures,
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Knowledge of the ocean/atmosphere

teractions that shape Australia's long-term climate

variability is drawn from thousands of sea-temperature measurements gathered by CSIRO's

Ocean Observing Metwork. The network involves volunteers aboard merchant vessels deploying

instruments called expendable bathythermographs (XBTs). The data are transmitted by satellite

to research and climate prediction centres worldwide. Scientists can now use measurements

taken by the Along Track Scanning Radiometer to confirm and enhance their understanding of

climate processes exposed by the XBTs.
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This image created from ATSR data

shows the difference in winter sea-surface
temperatures between 1993 and 1994 ina
region now known to have a significant
influence on Australia’s climate. It shows a
‘cold spot’ in the Indian Ocean which was first
exposed by CSIRO's Ocean Observing
Metwaork in the winter of 1994, The cold spot
exacerbated existing El Nifio conditions by
preventing the formation of rain clouds which
narmally blow across the continent to

eastern Australla.



Playing with spectral bands

MOVING AT six kilometres a second, at a mean height of 780 km, the
ERS-| satelite orbits the Earth 14 tmes a day. On board, the Along
Track Scanming Radiometer (ATSR-1) scans the Earth in 500 km
swaths, covering the globe twice every three days. It's a temific vantage
point, but what is the ATSR looking at and how does it see!

The ATSR responds to electromagnetic radiation; the energy emit-
ted by all objects warmer than absalute zero (-273°C). Although we
can't see it happening, we can imagine this radiation as moving like an
ocean wave. The distance between two adjacent wave crests is called a
wavelength. Visible wavelengths are less than one micrometre (one
milionth of a metre, or | um) and heat wavelengths are nearer |0 pm.

Hotter obyjects radiate more energy at shorter wavelengths and
colder objects radiate more energy at longer wavelengths. For exam
ple, the sun at 6000°C has maximum energy at visible wavelengths (0.5
pm), but the Earth's surface at 20°C has maxamum energy at thermal
infrared wavelengths (10 pm). The range of wavelengths over which
electromagnetic radiation extends s called the electromagnetic spec-
trumn and regions within it are called spectral bands (see diagram).

Only a small part of the spectrum
the human eye. The eye identifies objects by noting vanations in
reflected light in the visible region. This varation, which we recognise as

visible light — can be seen by

colour, stems from the different absorption and emission properties of
the surface materials. But heated objects emit radiation in other parts
of the electromagnetic spectrum too, particulardy the thermal (infrared)
and microwave bands. Remote-sensing instruments can also detect
variations in these parts of the spectrum.

To gather detailed information about the ocean and the atmos-
phere, or particular kinds of objects on the Earth's surface (such as min-
erals or vegetation), remote-sensing instruments are tuned 10 channels
within the spectral bands that offer the best view, For example, shorter
bands, which penetrate furthest into water, are useful for assessing
water quality and watching algae; visible-light bands are used to moni-
tor land; and the near infrared regien (1-3 um) is used in geclogical
mapping and determining vegetation health,

This system would work perfectly given a clear sky, but matters are
complicated by the atmosphere, Radiation reflected and emitted from
the Earth is absorbed by the atmosphere in many parts of the electro-
magnetic spectrum. Gases such as carbon dioxide absorb and radiate
differently at different wavelengths, and aerosols and water droplets
can absorb, scatter and emit radiation, reducing the accuracy of satellite
measurements of surface features. According to Dr lan Barton, a
founder of the ATSR program, this absorption must be accounted for

when viewing the Earth's surface, bul altematively it can be used 10
deduce properties of the atmosphere. For example, the atmasphere is
opaque in the |3 to |5 pm band, because this is a spectral region n
which carbon dioxide absorbs radiation strongly. This band, which
offers no view of the Earth's surface, can be used to measure the tem-
perature of the upper atmosphere. But when a clear view of the
Earth's surface is required, sensors must operate in ‘atmosphenc win
dows’ or spectral regions where there is the least interference with the
radiation signal.

The ATSR is compnsed of two radiometers: one infrared and one
microwave. The infrared radiometer on ATSR-| has four ‘channels’,
three of which are used to measure sea-surface temperatures. The
fourth channel measures radiation in the near-infrared region, and is
used 1o detect clouds, ice and snow in daytime. Version two of the
instrument, ATSR-2 has three additional channels in the visible ight
region. These are used for viewing land surfaces and vegetation colour.
Information such as the health and moisture content of vegetation can
be inferred from these measurements,

Cleaning the windows

Even in the ‘window' regions, atmosphenc effects — such as cloud, dust
and water vapour - interfere with remotely-sensed measurements. As
a result, temperatures measured from space are often several degrees
lower than their true value at the Earth's surface. Comrections must be
made to account for these atmospheric effects. This is where the ATSR
5 particularly clever

The ATSR's infrared radiometer involves a rotating mirror which
scans the Earth's surface from two different angles (0° and 52%) in
curved swaths 500 km wide and separated, along track, by about 800
km at ground level, From the two measurements, information is
obtaned about the effect of the intervening atmosphere, allowing the
atmaspheric influence to be eliminated. The sterecscopic view also
tells us something about the height and structure of clouds,” Barton
says. ‘Because the radiometer senses in the infrared band, measure
ments cannot be made when it's cloudy. While areas of heavy cloud
are obvious, it has previously been difficult to detect temperature dis-
tortions caused by sparse cloud.”

A further technique is used to account for water vapour, a source
of 'noise’ in the measurement of sea-surface temperatures. The ATSR's
microwave radiometer monitors the total water vapour content of the
atmosphere. With this extra information, the atmosphenc comection of
sea-surface temperatures can be mproved

The electromagnetic spectrum extending from the ultraviolet to the microwave region

Inereasing frequency and decreasing wavelength of electromagnetic radiation

&8

10nm | D0nm i | Oyam

CO,

Bands tudy gr ouse r (= {15um)

Inm (nar

Microwave

¢ the ATSR's infrared 1

used by the ATS

® Atmosphen ometer

® Armospheric ™ microwave radiomaeter

Ecos 88 Winter 71996 28




|t|11,-.:\-. i thas region s led by an ||||.i||_-.-||..

in the South Inclian

OrK

i
MOANS

CSIRO s Ocean Observing Network is

run by Rick Bailev, trom ol (%"
T Mevers. It invaoly r lsua
sitips OllicCers phoard chant CEECls
deploving 1 imen led expendabl
bathvthermographs (XBTs) ar preset interval
15 the ships B ¢ Arcas ol ut Crosl
e XB1 Iy thermoimeters Wi Iri e
L Iperarures every Gl
s clres o dey I abo LU metres
dara are i g on a
FTOCOMPUEer ind 4 Condeénsd

’ . :
mutted by satellite to rescarch and climar

rr (AT 1Oon cenire '|'|.||||!'|'||I|'\ |;.|I ¥ AT A
e 33 000 XBTs have been launched
inmce the program began i 1085

Validating the cold spot
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Queensland

Information extracted from the dual angle multispectral ATSR-2 can be

used to study changes in vegetation, surface radiation budget
parameters such as albedo, temperature, longwave emissivity and
shortwave fluxes (see story on page 19). ATSR-2 also provides
atmospheric information on aerosols and clouds over land, These ATSR
images show the surface features of a range of Australian landscapes.
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