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Introduction

The 2002 CEOS Handbook explores the need for
information on our planet. Information which is
essential for making decisions, defining policics,
and implementing management strategies to ensure
mankind has a sustainable future on Earth -
resistant to impacts of man-made climate change,
population growth, and increasing development.

1t explains the important role of Earth observation
satellite programmes in fulfilling those information
needs. It presents the current status and plans for
future Earth observation satellite programmes of
governments world-wide, through their national and
regional space agencies, and describes how the data
and information which they supply relate to
world-wide needs for information on Earth System
processes - in support of significant objectives of
national and international concern.

The role of the Committee on Earth Observation
Satellites (CEOS), as the body with responsibility for
co-ordination of these satellite programmes, is
explained, including the CEOS role within the
Integrated Global Observing Strategy Partnership
(IGOS-P), to ensure that future space-based
observing systems and Earth-based observing
systems will be suitably harmonised to address the
most critical requirements.

It is hoped that this report will prove to be a
valuable source of information concerning the
possible application and value of the data and
information frem Earth observation satellites.

It should be of interest to a wide range of groups:
those with responsibility for national/international
development policy; those responsible for
programmes with requirements for observations to
enable understanding of our environment and its
processes; and those needing information for
decision-making in many socio-economic sectars,

It is further hoped that this report will be of
educational value, helping to explain some of the
techniques and technologies underlying satellite
Earth observation and making the subject as
accessible as possible to the lay-person who would
like 1o investigate further.

As an up-to-date and comprehensive compilation
of CEOS agency plans, the report provides a handy
reference source of information on current and
future civil Earth observation programmes. It also
provides details of points of contact within CEOS
and lists relevant internet information sources for
those requiring more information.

Part | of the Handbook provides an explanation of
CEOS (section 1). It discusses global environmental
issues (section 2) and the role of Earth observations
(section 3). Future challenges are discussed in
section 4,

Part 1l presents a number of case studies (section 5)
to illustrate the use of Earth observation satellites
supporting the provision of information for global
governance.

Part Il of the Handbook summarises Earth
observation satellite capabilities and plans,
including a description of the various types of
satellite missions and instruments and their
applications (section 6). For those interested in
particular measurements (eg of ‘ozone’ or
‘vegetation’), section 7 provides details of 26
different parameters and the plans for their
observation during the coming decades. Sections 8
and 9 contain catalogues of satellite missions and
instruments respectively.

The annexes include:

A Further information on CEOS
B CEOS involvement in 1GOS

C Abbreviations

D Image credits




Part I: Global environmental
issues & the role for
Earth observations
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2 21st century Earth: Our environment
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Climate models predict surface temperature rise in the next century. Human population is increasing dramatically.

Major environmental treaties

« Agenda 21 and the UN Commission for Sustainable Development (1992): Agenda 21 is a blueprint
for sustainable development into the 21st century. Its basis was agreed during the ‘Earth Summit” at
Rio in 1992, and signed by 179 Heads of State and Government.

« The UN Framework Convention on Climate Change (UNFCCC - 1992): The UNFCCC provides a
framework for future agreement and action to regulate levels of greenhouse gas concentrations in
the atmosphere, so as to avoid the occurrence of climate change on a level that would impede
sustainable economic development, or compromise initiatives in food production. The Kyoto
Protocol (1997) to the UNCCC commits parties to legally-binding targets to limit their greenhouse
gas emissions, adding up to a total reduction of at least 5% from 1990 levels on average during the
five-year period 2008-2012.

» The UN Convention to Combat Desertification (1992): The Desertification Convention aims to

combat desertification and to mitigate the effects of drought through the establishment of long-term
' integrated strategies.

» The Convention on Biological Diversity (1992): Aims to conserve biological diversity, promote the

sustainable use of its components, and encourage equitable sharing of the benefits arising out of the
utilisation of genetic resources.

» The Montreal Protocol of the Vienna Convention on the Protection of the Ozone Layer (1987):
The Montreal Protocol sets out specific legal obligations in the form of timetables for the progressive

reduction and/or elimination of the production and consumption of certain ozone-depleting
o
substances.

. » The United Nations Convention on the Law of the Sea (1982): Which proposes a comprehensive

| new legal regime for the sea and oceans and, as far as environmental provisions are concerned, to
establish material rules concerning environmental standards as well as enforcement provisions
dealing with pollution of the marine environment.

» The Convention on Long-range Transboundary Air Pollution (1979): Which aims to protect man
and his environment against air pollution and endeavours to limit and, as far as possible, gradually
reduce and prevent air pollution, including long-range transboundary air pollution. '

« The International Convention for the Prevention of Pollution from Ships (MARPOL) (1973/1978):
MARPOL is the main international convention covering prevention of pollution of the marine

environment hy ships from operational or accidental causes and covers pollution by oil, chemicals
harmful substances in packaged form, sewage and garbage. ‘
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World Weather Watch

The best known of these networks may be the World
Weather Watch (WWW) of the World Meteorological
Organization (WMO). The WWW is a unique
achievement in international cooperation, providing
a truly world-wide operational system to which
virtually every country in the world contributes,

every day of every year, for the common benefit of
mankind.

The Global Observing System (GOS) of the WWW -
which includes around 10,000 stations on land
providing observations near the Earth's surface, at
least every three hours, of meteorological
parameters such as atmospheric pressure, wind
speed and direction, air temperature and relative
humidity - ensures that every country has all the
information available to generate weather analyses,
forecasts and warnings on a day-to-day basis.

The most obvious benefits of the GOS are the
safeguarding of life and property through the
forecasting, detection and warning of severe
weather phenomena such as local storms, tornadoes,
and tropical cyclones. GOS provides observational
data for agricultural management, aviation safety,
meteorology and climatology, including the study of
global change. These observations also provide an
international database of upper air observations for
research purposes.

22 Global Atmosphere Watch (GAW) stations
world-wide supplement these observations with
information on ozone, other greenhouse gases, solar
radiation, UV, and other atmospheric and
meteorological parameters.

The Global Observing Systems

Within the last decade, the Global Observing System
of the World Weather Watch has been complemented
by the Global Ocean Observing System (GOOS) and
the Global Terrestrial Observing System (GTOS) to
produce a set of Global Observing Systems
integrating in-situ and remotely sensed data from

a range of international, regional and national
observing systems and networks, with each focusing
on a major component of the Earth system. The
Global Climate Observing System (GCOS) has also
been planned and initiated to integrate the
observing needs for climate purposes.

GOOS: GOOS is a permanent global system for
observations, modelling and analysis of marine and
ocean variables to support operational ocean
services worldwide. GOOS will provide accurate
descriptions of the present state of the oceans,
including living resources; continuous forecasts of
the future conditions of the sea; and the basis for
forccasts of climate change. GOOS is capitalising on
existing ocean observing systems, such as:

- The TAO/TRITON array: of 70 moored buoys in
the Tropical Pacific Ocean, which since its
completion in 1994 has enabled real-time
collection of high quality oceanographic and
surface metcorological data for monitoring,
forecasting, and understanding of climate swings
associated with E] Nifio and La Nifia. Data and
graphic displays from the TAO/TRITON array are
updated every day, and the data are freely
available to the research community, operational
forecasting community, and the general public.

The Global Sea Level Observing System (GLOSS):
an international programme coordinated by the
Intergovernmental Oceanographic Commission
(I0C) for the establishment of high quality global
and regional sea level networks for application to
climate, oceanographic and coastal sea level
research. The main component of GLOSS is the
‘Global Core Network’ (GCN) of 287 sea level
stations around the world for monitoring long
term trends and accelerations in global sea level.

There are numerous other contributors to GOOS,
including: voluntary observing ships providing
measurements of upper ocean and meteorological
parameters; the Global Temperature and Salinity
Profile Programme; and the Global Coral Reef
Monitoring Network.

GTOS: GTOS aims to provide the scientific and
policy making community with access to the data
necessary to manage the change in the capacity

of terrestrial ecosystems to support sustainable
development. To achieve this GTOS is working
towards the establishment of a ‘system of networks’,
formed by linking existing terrestrial monitoring
sites and networks as well as planned satellite
remote sensing systems. Thematic networks have
been established for ecology, glaciers, and
permafrost, and a hydrology network is in progress.
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4 Future challenges

The current ambitions for greatly enhanced
understanding, monitoring, management and
mitigation of key Earth system processes will be
possible only with the measurement capabilities
offered by the Earth observation satellites
programmes being planned by the world's space
agencies. Many of the sophisticated computational
models on which these studies depend will otherwise
simply not have sufficient information to provide
the necessary insights. Measurements of in-situ
stations, buoys radiosondes, aircraft and ship based
instruments cannot provide the synoptic global
picture required to understand the Earth system.

The full significance of the satellite observations
being gathered, and of those planned for the coming
years is probably still to be fully appreciated or
exploited. Information on climatic and environmental
trends is increasingly valuable - in line with the
expected increase in the impacts of man-made
climate change, accelerated in the 21* century by
population growth and increasing development.

Around 150 Earth observation satellite missions
(with over 300 instruments onboard) are planned for
operation over the coming 15 years in response to
the main Earth system challenges defined by the
international, science, policy and operational
monitoring communities. These missions also
respond to more immediate needs for information in
the social, economic, and environmental domains,
including: meteorological services, mapping, urban
planning, disaster mitigation, agriculture and
fisheries management, resource exploration, pollution
monitoring, ship routing and safety, and others.

Careful planning and coordination of these
programmes is essential if we are to ensure supply
of the information required by current and future
generations. For Earth observation satellite missions
funded by governments, this coordination is
already being provided by CEOS - recognised
internationally as having this responsibility. This
coordination will eventually span the space segment
(satellite systems), ground segment (reception,
processing, and distribution centres), the associated
science, and information service development.

To achieve this goal, CEOS, with its partners, must

respond to a number of challenges:

Providing continuity of data: The IPCC predicts

that, should the current decline in observational
ave less information

networks continue, we may h -
decades than in the

on the Earth system in future
final decades of the 20" century. Recognising the
need for coordination of Earth observation satellite
programmes, CEOS will aim to ensure conrinu'ltyj
consistency, and inter-comparability of the priority
measurements throughout the coming decades -
consistent with the requirements of climate studies
for trend monitoring and change detection.

Responding to broad demand for operational
measurements in fields other than meteorology:
Key meteorological parameters are provided by
satellite and in-situ systems on an operational basis
to the relevant user communities; forecasts of local
precipitation, wind, temperature, and cloudiness are
a feature of daily life. This operational status,
whereby information is provided on a routine and
long term basis without interruption, is now being
demanded by "a broader range of user groups,
including those involved in ocean monitoring,
ozone and UV monitoring, carbon cycle studies,
pollution alerting, and food security, amongst others.
CEOS recognises the need to work with the relevant
users — including through participation in the IGOS
Partnership - to establish the requirements, and a
strategic planning process for the necessary satellite
missions, in-situ observations, as well as supporting
modelling and information processing efforts.

The need for strengthened links between satellite
and in-situ observation systems: Satellite
observations must continue to strengthen links with
in-situ observation systems which provide:
measurements unobtainable from space;
measurements complementary to those from space;
and validation of satellite measurements. CEOS
proposes to place particular emphasis on this
challenge in the coming years, through its
involvement in the IGOS Partnership, to ensure the
planning of the required operational observation
systems. Work is already underway in the domains
of ocean monitoring, atmospheric chemistry, global
carbon cycle, global water resources, and coral reefs
within the IGOS Themes. These areas are regarded
as particular priorities,
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A key element of intemnational carbon activities -
an integrated strategy for the observation of the
global carbon cycle, including the land, oceans,
atmosphere compartments of the cycle, is being
coordinated by the IGOS Partnership, within the
Integrated Global Carbon Observations (IGCO)
Theme (see annex B for more on 1GOS Themes).

A broad range of observations of important
atmospheric, oceanic, and terrestrial parameters are
required to: support future policy-making with
evidence of trends; monitor the legal commitments
undertaken within the Kyoto Protocol or future
treaties; improve scientific understanding of the
underlying processes. The same observations are
important requirements for sustainable development
and resource management.

The 1GCO Theme will build on a number of carbon
cycle observation initiatives at the Earth's surface
which are underway or planned, including:

— global netwarks of atmospheric greenhouse gas
measurement stations (such as GLOBALVIEW C0,),
and the WMO World Data Center for Greenhouse
Gases (Tokyo):

~ global networks of measurement tower sites that
monitor the exchanges of CO,, water vapor, and
energy between terrestrial ecosystems and
atmosphere; eg the FLUXNET system has over
150 tower sites operating on a long-term and
continuous basis; '

— measurement ships and arrays of buoys, including
the TAO array in the equatorial Pacific,

The role of Earth observation satellites

‘Data from Earth observation satellites provide the
os:!;v ﬂobal. synopdc'v!cw of kzy measum ofthe

5 Case studies = Counting on Carbon

- seasonal growth characteristics, including
important parameters such as Leal Area Index
(LAI) are generated on a global scale
(eg by AVHRR);

— fire detection and burn scar mapping: in many
regions of the world, fires are the most significant
disturbance of vegetation and drive large inter-
annual variations in carbon emissions from
ccosystems; large fires in forests and grasslands
are detected and mapped from space using
thermal and optical sensors (radar sensors also
show promise for burn mapping);

- combinations of satellite measurements of
parameters such as ocean chlorophyll, dissolved
organic matter, and pigment composition and
physical measurements from satellite of ocean
waves, winds, temperature are used to derive three
main contributions for the study of ocean carbon:

~ quantifying upper ocean biomass and ocean
primary productivity;

— providing a synoptic link between the ocean
ecosystem and physical processes;

- quantifying air-sea CO; flux.

The most challenging aspect of observing the
carbon cycle from space is the development of
instruments for monitoring total column CO,
concentration with complete coverage.
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Future challenges

Future challenges relating to the global carbon cycle

include:

_ institutional: the continuing need for mechanisms
for its management which are acceptable to all
countries;

_ scientific: improved understanding of the global
carbon cycle is vital, including the ability to
observe changes in carbon cycle dynamics;

~ ensuring continuity of Earth observations.

Future plans for next generation Earth observation
satellites include:

— a move from research to operational status for key
observations, to support international policy
frameworks, and to maintain the necessary
continuity;

— development of future measurement capabilities:
eg measurements of global vegetation
characteristics and biomass, using lidar (laser
radar instruments, such as NASA’s proposed
Vegetation Canopy Lidar — VCL) and new
multi-directional, multi-spectral instruments
(such as SPECTRA planned by ESA);

~ measurement of atmospheric CO, concentration
from space, globally in a comprehensive and
consistent way.

The necessary coordination of the relevant satellite
missions will be undertaken by CEOS including
through their participation in the IGCO Theme, Part
I of this document summarises the various plans of
the world's space agencies.

Global Carbon Cycle:

www.whre org/science/carbon/carbion htm

UNFCCC and Kyoto Protocol: www-unlcee de

Climate change science:

WIWW I”““'“'"“"“"\ll.-“'!\ll.\d'.l\.i|‘_- '-“”‘."I‘.‘r‘n]'lubll"\- lonce/teta it hts

GOFC: www.qgofe arg
Globalview: www cindl noaa goviccgg/globalview/

Fluxnat: daac ornl.qov/FLUXNE 1

SPECTRA mission;

vrwesa int/export/esal PAASE 1 2YNWISC futuremissio:

VCL mission; www geaq umd. edulvel/
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Such capabilities will require improved
understanding of a range of complex processes,
such as:

- evaporation processes from the global ocean
(which account for 80% of the water present in
the atmosphere);

- land surface hydrologic processes which govern
evapotranspiration and the partitioning of rainfall
between re-evaporation, storage in the soil, and
run-off to rivers;

~ relationships between global climate and regional
weather systems which govern clouds and rainfall;

- the science of clouds, and how they lead to
precipitation.

Given the complex and global nature of the water
cycle, this understanding can only be achieved if
scientists are equipped with long-term data to
characterise the behaviour of the Earth system with
regards to a range of key parameters, including:

- global precipitation: precipitation is the most
significant aspect of climate change from the
perspective of human interests and the health of
ecosystems;

- atmospheric temperature and water vapour:
since water vapour is the Earth's primary
greenhouse gas and contributes significantly to
uncertainties in projections of future global
warming, it is critical to understand how it varies
in the Earth system;

- sea surface temperature: as a significant measure
of air-sea fluxes;

- soil moisture, snow accumulation, and ocean
salinity: to assess the freshwater budget of land
and ocean.

In large parts of the world, the collection and
dissemination of water-related information has been
in decline in recent years. In order to strengthen co-
operation amongst countries in gathering the
necessary information, the WMO, in association
with the World Bank, established the World
Hydrological Cycle Observing System (WHYCOS), in
1993, WHYCOS is based on a global network of
reference stations, which transmit hydrological and
meteorological data in near real-time, via satellites,
to national and regional centres,

A number of international scientific research
programmes have been developed to address the key
challenges relating 1o the global water cycle - most

notably under the auspices of the World Climate
Research Programme, including:

_ GEWEX: The Global Energy and Water Cycle
Experiment is the scientific focus in WCRP for

studies of atmospheric and thermodynamic
processes that determine the Global hydrolo
cycle and water budget and their adjustment to
global changes such as the increase in
greenhouse gases;

— CLIVAR: ‘Climate Variability and Predictabi!ity'
is the main focus in WCRP for studies of climate
variability.

gical

The role of Earth observation satellites

Earth observation satellites play a major role in the
provision of information for study and monitoring
of the water cycle. Atmospheric temperature and
water vapour data is provided operationally by
polar orbiting meteorological satellites. Sea surface
temperature measurements are also provided by
these satellites, and by the European ERS and
Envisat missions. Ocean wind measurements are
also provided by these missions — and by NASA's
QuikSCAT which acquires all-weather, high-
resolution measurements of near-surface winds over
90% of the global oceans on a daily basis.

Precipitation is clearly a key parameter, but given
the high temporal and spatial variability of
precipitation it is a fundamentally difficult
parameter to measure. Until recently, visible/infrared
images from geostationary meteorological satellites
provided the best source of information from
satellite - with indirect but frequent estimates of
rainfall derived from measurements of cloud top
temperature. The advent of the Tropical Rainfall
Measuring Mission (TRMM of NASA/NASDA) in
1997 provided a breakthrough in the provision of
3-D information on rainfall structure and
characteristics, NASA and NASDA and other
international partners will continue this
collaboration in future to develop the Global
Precipitation Mission (GPM) for launch in the |
half of this decade; the GPM constellation of
satellites - including potential contributions from
USA.' Japan, Europe, France, India and China - will
provide global observations of precipitation e
three hours to help develop the understanding of
the global structure of rainfall and its imp':clj:u
climate and the Earth's habitability. ‘ “

atter

very

Recognising the central role of the water cycle to
our understanding of the Earth system amf climate



change, the world's space agencies are operating or
developing a number of new missions aimed at
addressing Key scientific objectives, These include
the Aqua mission (NASA), Cloudsat (NASA),
EarthCare (ESA/ NASDA), and Cryosat (ESA).
Revolutionary new measurement capabilities - such
as the provision of information on soil moisture and
ocean salinity — will be provided in future by
missions such as SMOS (ESA) and Hydros (NASA).

Further information on these programmes can be
found in Part Il of this document.

In order to ensure the coordination which is
necessary among these many satellite programmes,
and the efforts of the in-situ measurement
community, the IGOS Partnership is developing an
Integrated Global Water Cycle Observations Theme
(IGWCO), The IGWCO theme will provide a
framework for guiding international decisions
regarding priorities and strategies for the
maintenance and enhancement of Water Cycle
observations so they will support the most
important applications and science goals, including
the provision of systematic observations of trends in
key hydrologic variables. The first element of
IGWCO will be a 'Coordinated Enhanced Observing
Period (CEOP)' which is taking the opportunity of

5 Case studies Water resources
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the simultancous operation of key satellites of
Europe, Japan, and USA during the period 2001-
2004 10 generate new data sets of the water cycle.

Future challenges

The impacts of water cycle variability on human
society are very real and well recognised. However,
the issue has not - until quite recently - received
the corresponding attention on the global
environmental agenda. At the Rio Summit for
example in 1992, water resources were not a
particularly prominent issue - with issues such as
deforestation and biodiversity having a far higher
profile. The balance has, to an extent, been redressed
through the importance given to freshwater issues
by the United Nations Commission for Sustainable
Development (CSD) and in the 1997 UN General
Assembly Special Session - which contained calls
for greater concerted efforts. A number of world
bodies - such as the World Water Council (WWC)
have since been established to consider water issues,
and The World Water Forum planned for 2003 in
Japan is potentially a major milestone in addressing
water problems at the international level.

New technologies for measuring, modelling, and
organising data on the Earth's water cycle offer the
promise of deeper understanding of water-cycle
processes and of how management decisions may
affect them. Earth observation satellites will provide
synoptic, high-resolution measurement coverage
that is unprecedented in the geophysical sciences.
The challenges to be faced in utilisation of these
new capabilities include:

~ converting satellite measurements into useful
parameters which can be applied in scientific
models, and which can be inter-compared and
inter-calibrated among the different satellite
missions;

~ providing consistent and accurate data over many
years in order to detect the trends which are
necessary for climate change studies;

- succeeding in the technology developments aimed
at accurately measuring key parameters from
space for the first time - including soil moisture
and ocean salinity.

To complement the satellite data, existing ground-
based measurement networks and systems must
continue operating o obtain current data that can
be compared meaningfully with past records,

5 Case studies — Water resources

70% of the future world population will face water
shortages by 2050,

Water Cycle: earthobservatary nasa gov/Library/Water/

World Bank Water Page: wuw worldbank org/ntml/fpd/water/

World Water Council: watercouncil org/

World Water Forum: Wwwwwotldwaterforum org/

WCRP: www.wmo.ch/web/we rp/werp-home html

WMO Hydrology & Water Resources Programme:
woww.wmo,ch/web/homs/hwrphome htmi

CEOP: monsoontu tokya.ac |p/ceop/index html

SMOS; www. esa Intfexportesal P/ESAMBAZVMOC smos () htrnl
EarthCare;

wewesa inl/export/esal. FUASESMYNWYSC futtiren ussions [ html
Aqua: eos- pm gsic nasa gov/

TRMM: www eorc. nasda 0. p/TRMM/index_e htm
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Observations of the ocean

Ocean planet

Earth is an occan planet - 700 of its surface is covered by
ocean. The ocean plays a critical role in establishing global
climate and is inextricably linked to the atmosphere in
creating the natural fluctuations of our climate system;

- the ocean is the *heat engine’ of the planet - global
ocean circulation, together with the atmosphere,
constitutes the mechanism by which solar energy
received in the tropics is re-distributed to the entire
planet;

- the state of the ocean influences climate and the energy
and water cycles, and thereby affects agriculture, and
water and energy supplies;

~ the ocean also affects the intensity of hurricanes and
tropical cyclones, which can cause billions of dollars in
property damage and alter the economic fortunes of
peoples in affected areas;

~ the El Nifio/La Nifia phenomenon of the tropical Pacific
widely impacts normal weather patterns in many regions
and can have profound economic consequences (some
bad, some good);

- the ocean, through atmospheric exchange,
plays an important part in the global carbon
cycle — and is therefore inextricably linked to global
change processes.

The ocean has always been critical to the success of
human civilisation; some 30% of the world's population
now live within 100km of the coasts, and humans have
depended on the ocean for food and economic growth for
hundreds of years.

- in the technically developed Group of Seven countries,
marine resources and services contribute, on average, 5%
of GNP or about $600 billion per annum (1991);

- the world fish catch is 80-90 million tonnes/year (worth
approximately $70 billion), and provides about 20% of
the world protein supply. For large parts of the world
population, particularly in East and Southeast Asia, fish
constitute the most important source of animal protein;

_ pcean transport is the most inexpensive way of trading
bulk goods, The result is that about 90% of the world's
trade involves transit via the ocean - and the volume is
expected to double over the next decade.

World production of offshore oil and gas was worth $135
billion in 1990, amounting to 20% of world hydrocarbon
production. Operations continue to venture into deeper
waters — at depths of up to 2000 metres.

Ocean observations

In the coming years, the need to understand and forecast
the oceans and their resources is going to increase
significantly = and on time-scales that permit relevant and
effective management decision-making. Scientists will
require a range of data for assimilation into numerical
models to provide analyses of a range of ocean
phenomena and climate-related processes:

- understanding the dynamics of ocean circulation will
require systematic measurements of ocean currents at
least weekly, but also spanning decades, commensurate
with the characteristic time scales of anomalies such as
El Nifio, The North Atlantic Oscillation, and the Pacific
Decadal Oscillation;

- global, precise, long-term measurements of ocean
temperature are of key importance for studies of the
Earth's energy balance, for understanding how the ocean
regulates weather and climate, and for the provision of
indicators of the El Nifio event;

— the mean level of the oceans must be monitored
precisely for decades to come, for use in climate models
- which have suggested a future rise in ocean levels due
to global change - and to allow mitigation planning by
low-lying countries;

— more accurate information is needed on the
concentration, position, extent, and thickness of sea ice
for monitoring of changes in the polar regions, which
have a strong relationship to global climate;
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Using estimates of climate sensitivity and ice melt parameters,
and various fossil fuel emission scenarios (known as 1592),
models have projected an increase in global mean sea level

of between 13 and 94cm in this century.
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Satellite altimetry and temperature measurements now

provide unprecedented foresight of EL Nino’s arrival.

Sea surface temperature records from satellite
provide crucial indicators of global change.

Great ocean conveyor belt
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Global ocean circulation is the ‘heat engine’ of the
planet - re-distributing solar energy recelved in
the tropics to the entire planet.
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5 Case studies = Observations of the Ocean

Future challenges

Ocean observing systems must rise to a number of
challenges in the 21st century in order to keep pace with
the demand for information on the ocean’s role in climate
change, and on parameters to assist its sustainable
management for use in transportation, resource
exploration, recreation, and fisherics.

These challenges include organisational and institutional
issues related to: coordinating efforts among
providers/users of ocean/climate services; developing
applications and infrastructure to deliver them to users;
delivering information products for decision-making that
are responsive to user needs.

Part 111 of this document summarises the various plans of
the world's space agencies over the coming decades in
providing satellite missions for critical ocean observations.
To be effective, improved techniques for assimilation of
data from these missions will be necessary. Satellite data
will also have to be integrated better with in-situ
observations; in-situ sensors provide invaluable validation
information for satellites, as well as measurements deep
below the ocean surface, which satellites cannot.

Future plans for next generation Earth observation
satellites include:

- maintaining crucial continuity and calibration of key
measurements — such as sea surface temperature, ocean
winds, and ocean colour - over long timescales in
support of climate studies;

- development and proving of remote sensing technologies
to provide measurements of the depth of the ocean
mixing layer, and of sea surface salinity - a key variable
in determining ocean density, which drives ocean
circulation and thus impacts climate;

- provision of improved measurements on sea ice extent,
type, and thickness - allowing scientists to determine the
mass balance of the polar ice sheets and their
contributions to global sea level change;

- missions for accurate global and high-resolution
determination of the Earth's gravity field - which is
prerequisite for better understanding of ocean surface
currents and heat transport.

These developments, and others, have been determined as
priorities for the way ahead by the Ocean Theme studies of
the 1GOS Partnership,
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5 Case studies - Observatior

Watching from space for EI Nifo
El Nifio is an anomalous oceanographic and atmospheric event in the equatorial Pacific Ocean that
usually occurs every three to seven years and is characterised by an increase in the sea-surface
temperature in the eastern equatorial Pacific Ocean. El Nifio is thought to be responsible for
anomalous climatic conditions spanning most of the globe. Many of the resulting impacts of El Nifio
are negative, causing drought, famine, and floods. But some are positive, like the decrease in
hurricanes along the Atlantic margin of the USA in El Nifio years. It is not uncommon for an El Nifo
winter to be followed by a La Nifia one - characterised by unusually cold ocean temperatures in the
Equatorial Pacific — and where climate patterns and worldwide effects are, for the most part, the
opposite of those produced by El Nifio.

The El Nifio of 1997-98 has been attributed with property damage of more than US$ 33 billion,
disrupted weather patterns around the world, and an estimated 2100 deaths. But the 1997-98 El Nifo
was also significant as being the first El Nifio for which researchers were able to predict the worst
impacts months in advance - allowing flood or drought warnings to be issued to the threatened
countries. The first announcements of a possible El Nifio were as early as April 1997 and a few
months later detailed predictions were available for many regions.

After the surprise devastation of the 1982-83 El Nifio event, climate experts intensified efforts to
understand how the process works globally. Governments invested in observing systems to monitor
the particular conditions in the Pacific that trigger El Niiio.

By the time the 1997-98 El Niiio started to emerge, scientists had several new and powerful observing
systems on the look out for the tell-tale signs:

— precision altimetry instruments on the US/French Topex/Poseidon satellite, providing vital
information on sea surface height;

- the Tropical Atmosphere Ocean (TAO) array of 70 moored buoys spanning the equatorial Pacific
since 1984 providing measurements of water temperature, wind, air temperature, and humidity;

- complementary measurements, such as ocean surface temperature from other satellite missions;
— much improved computer models integrating satellite and in situ data to provide improved forecasts

Thanks to this range of valuable data sources and ability to produce high-level integrated information
products, climate scientists now have information of unprecedented range and accuracy, which has
enabled them to confirm and expand their theories about what occurs both during normal waanh&
pattr:ms and during sea changes that herald the periodic - and inevitable - arrivals of El Nifio and
La Nifa,

There is a consensus among climate scientists that El Nifios have become more frequent and
progressively warmer over the past century. In the past 98 years there have been 23 El Niitos and 1'
La Nifas, Of the century's ten most powerful El Nifios, four - the four strongiest - have occurred
since 1980.

Whatever the future may bring, the world need never again be taken completely off guard by Fl Nifo
or La Nifia, thanks to the unprecedented foresight that Earth observing systems and ;'lim'm- cleice
has made possible. - ; AGRES

Ocean and climate; .
Altimetry and ocean topography by satellite

earthobservalory nasa gov/Library/OceanClimate/ aww \
/\ naceanobs comy/htmli/portail/aend

Fulure precise gravity missions: TAO arra
- WWW pme O, ao
www.esa.int/export/esal P/ESAYEKTVMOC goce 0 html e WY i

1GOS -
GOOS: ioc unesco.org/goos/ . Ocean theme report
10C . UNE O

rg/igospartners/IGOS-Oceans-Final-0101 pdi

ELNife and La Nifa: www pmel noaa govitao/elnina/nino-home htrnil

1s of the Ocean



The Ozone layer - catastrophe averted?

The big issuc models. This inability to quantitatively explain
present-day ozone losses undercuts the ability to
predict ozone losses and, ultimately, ozone recovery
in a future atmosphere containing increased
concentrations of greenhouse gases.

Ozone (0,) is very rare in our atmosphere, averaging
about three molecules of ozone for every 10 million
air molecules. Although it represents only a tiny
fraction of the atmosphere, ozone is crucial for life

on Earth.
The response

Close to Earth in the troposphere (the atmospheric

laver fr . z The scientific evidence, accumulated over several
ayer from the surface up to about 10km), ozone is a

decades by the international research community,
showed that human-produced chemicals were
responsible for the observed depletions of the ozone
layer. These ozone-depleting substances, such as
halocarbons or chlorofluorcarbons (CFCs) contain
various combinations of the chemical elements
chlorine, fluorine, bromine, carbon and hydrogen.
Substances like CFCs had grown to be extremely
popular for use as coolants, solvents, sterilants, and
aerosol propellants, amongst other applications.
When released into the lower atmosphere, through
the use of an aerosol spray for example, they diffuse
up into the stratosphere and react in a process
which involves destruction of ozone molecules.

harmful pollutant that causes damage to lung tissue
and plants. Most ozone (about 90%) resides in the
stratosphere (a layer of the atmosphere between 10
and 40km above us), where it acts as a shield
(strongest at about 25km altitude on average) to
protect Earth's surface from the sun's harmful
ultraviolet radiation (UV-B), filtering out the high
energy radiation below 0.29um and allowing only a
small amount to reach the Earth's surface. The
ozone in this region is commonly known as the
ozone layer. The consequences of damage to this
protective layer, and subsequent increases in UV-B
radiation include risks of eye damage, skin cancer,

and adverse effects on marine and plant life.
Faced with the strong possibility that CFCs and

similar compounds could cause serious ozone
depletion, policy makers from around the world
signed the Montreal Protocol treaty in 1987,
limiting CFC production and usage. By 1992, the

Throughout the 1970’s and 1980’s, scientists began
first to suspect, and then to detect, a steady
thinning of the ozone layer - accompanied by
increases in the amount of UV-B reaching the
Earth’s surface. Scientific concern turned to public
alarm when, in 1985, the British Antarctic Survey
announced the detection of the first Antarctic ozone
‘hole’ - a sharp decline in stratospheric ozone
concentrations over most of Antarctica for several
months during the southern hemisphere spring;
subsequent studies using satellite data recorded
depleting ozone levels over Antarctica growing
worse with each passing year.

It is now known that the ozone layer over
Antarctica thins to between 40% and 55% of its
pre-1980 level with up to 70% deficiency in short
time periods, and at some altitudes, ozone
destruction is almost total. In September 1998, the
Antarctic ozone hole reached a record size of 25
million km?, or two and half times the size of Europe,

Moreover, there is the potential of ozone losses
occurring in the Arctic, Recently observed Arctic
ozone losses have reached levels that are becoming
comparable to Antarctic losses. The large Arctic
losses observed over the last decade cannot be

lained adeauately byt current atmospherie With each passing year over the last few decades, ozone concentrations over the
explained adequate Nl & § ' iy

Xpiaines adeq Yy L I South Pole have grown less during the months of September and October. These
images show the progression of the ozone ‘hole’, as measured by the TOMS and SBUV

Instruments,
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growing scientific evidence of ozone loss prompted
diplomats to strengthen the Montreal Protocol. The
revised treaty called for a complete phase out of
CEC production in developed countries by 1996.
As a result, most CFC concentrations are slowly
decreasing around the globe - with production
having fallen by 95% in industrialised countries.

The latest research suggests that the Montreal
Protocol is working. The abundance of
ozone-depleting substances in the lower atmosphere
peaked in 1994 and has now started to decline. As a
result, the ozone layer is expected to recover slowly
over the next 50 years.
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The growth in concentrations of the major ozone-depleting
chemicals in the atmosphere has slowed after a peak in 1994
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The thin layer of ozone in the stratosphere is at its thickest
between about 20-40km up. It alse accumulates near the
ground in the troposphere, where It Is a troublesome pollutant,
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The importance of Earth
observation satellites

Since the 1920, ozone has been measured by
ground-based instruments. Scientists place
instruments at locations around the globe to
measure the amount of ultraviolet radiation getting
through the atmosphere at cach site. From these
measurements, they calculate the concentration of
ozone in the atmosphere above that location. These
data, although invaluable for learning about ozone,
are not able to provide an adequate picture of
global ozone concentrations.

The amount and distribution of ozone molecules in
the atmosphere varies greatly over the globe, and
scientists observing ozone fluctuations over just one
spot could not know whether a change in local
ozone levels meant an alteration in global ozone
levels, or simply a fluctuation in the concentration
over that particular spot. Satellites have given
scientists the ability to overcome this problem
because they provide a picture of what is happening
daily over the entire Earth.

Satellite observations of atmospheric ozone date
back to the late 1970, to the launch of the TOMS
(Total Ozone Mapping Spectrometer) and SBUV
(Solar Backscatter Ultraviolet) instruments. These
instruments have since been complemented by long
term measurements by US and European satellite
series, and by missions of Russia and Japan. Re-
analysis of the early satellite data proved
instrumental in providing the scientific evidence
necessary to support the case for the international
political response which emerged in the 1980’s, and
more recent missions have proved essential in long
term mapping of the ozone depletion trends, and in
gathering the data required for a better understanding
of the underlying atmospheric science,

Increasingly, satellite instrumentation is capable

of more advanced measurements of ozone
parameters - such as profiles of ozone
concentration through the atmosphere (as opposed
1o just the total ‘column’ amount), as well as
information on a range of other trace gases which
help ozone chemistry studies. Such data is now
being used as the basis for operational information
services for the public and science community alike.

The UV Forecasting service of the Royal Netherlands
Meteorological Institute (KNMI) - in collaboration
with the European Space Agency (ESA) - is one
example; this uses data from ESA satellites to
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UV index forecasts derived from satellite data are an
increasingly common feature of our everyday weather
forecast information.

Ozone science, major initiatives - the UNEP
Ozone Secretariat:

www.unep.org/ozone/index-en shtml

Ozone depletion FAQ:
www al.noaa gov/WWWHD/pubdocs/Assessmeant9s |

Online ozone textbook:

see.gsfc nasa.gov/edu/SEES/strat/class/S cla

Satellite Earth observations of ozone:
earthobservatory.nasa.gov/Library/Ozone
www.esa int/export/esaSA/ESAHS RQQSTC eart
Operational UV forecasting service:
Www.esa.int/export/esaSA/ESASIRUMS ¢
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Although Earth observation satellites have demonstrated
their considerable potential in supporting a range of
disaster management activities, the space agencies have
recognised that further steps are necessary to persuade the
disaster management community to assimilate these new
technologies into their operations. Further, to meet the
needs of such a diverse range of hazards and their often
critical timescales for information, the space agencies
decided to pool the satellite resources of different countries
more effectively for the benefit of the international
community.

DMSG: The Disaster Management Support Group of CEOS
was established in 1997, with the objective of supporting
natural and technological disaster management on a
worldwide basis by fostering improved utilisation of

World-wide Volcanic Ash Advisory Centres use satellite data
to support volcanic ash cloud warnings for aviation.

existing and planned EO satellite data. The DMSG serves
as a forum to identify, and interact with, current and
potential users of space-derived data as one of the tools to
deal with disasters. DMSG includes specialist teams
addressing different types of hazards and has developed
substantial on-line resources: http://disaster.ceos.org

International Charter on Space and Major Disasters:

The aim of this Charter, initiated by the French (CNES),
European (ESA) and Canadian (CSA) space agencies is “to
supply during periods of crisis, to States or communities
whose population, activity or property are exposed to an
imminent risk, or are already victims, of natural or
technological disasters, data providing a basis for critical
information for the anticipation and management of
potential crises”. ISRO (India), and NOAA (USA) also
participate in the Charter. Since the Charter became
operational on November 1* 2000, authorised civil defence
organisations may enlist support from space by calling a
telephone number, 24 hours a day, 365 days a year. Rescue
and civil defence bodies of the country to which the
participating agencies belong are registered authorised

users. Civil protection authorities of other countries may

also submit requests by contacting their sister

organisations through existing co-operation mechanisms.

Iurp:waw.dtsasIcrschnrlcr.nrg

Office of Outer Space Affairs, Committee on Pl‘?l(ff“flll
Uses of Outer Space: The COPUOS Programme on Space
Applications (PSA) works to improve th.c use of sPacc
science and technology for the economic and Sn(:la|
development of all nations, in particular developing

countries. Under the Programme, the Office conducts

training COUrses, workshops, seminars and other activifies

on applications such as disaster management. The PSAA.
working closely with DMSG and the Charter, is &:cu'.;mg
on defining and transferring technology-based solutions
by holding Regional Workshops on the Use of Space
Technology for Disaster Management.

Future challenges

There are a number of obstacles to the increased use

of Earth observation satellite data in disaster
management applications — both institutional and
technical, Institutionally, it is recognised that there

must be greater co-operation between satellite-operating
agencies, between these agencies and the commercial
sector, and between all data providers and the disaster
management community. This co-operation is essential if
we are to achieve the scale, frequency of measurements,
and speed of response, which are required to face diverse

and time-critical disasters.

There is a general reluctance among the disaster
management community to assimilate new technologies
and information quickly, due to concern for introducing
new, unproven technology into operational programs, and
due to the lack of products and services tailored to their
needs. In order to promote wider acceptance and use of
space systems by disaster management users, the space
and services communities must create the appropriate
tools and continue to promote a mutual understanding
and dialogue between the disaster management and
space sectors.

Technically, we can expect to see future efforts aiming at



5 Case studies = Managing natural disasters

providing satellite-derived information more rapidly and at operational tectonic strain-mapping and surface
higher spatial resolutions, consistent with the needs of deformation monitoring techniques in support of
many disaster management applications, A number of new carthquake and volcano warning systems;

capabilities can also be expected, including: ; p
-~ more precise precipitation measurements and modelling

- improved spatial and temporal resolution of storm results as important inputs for flood warnings;

tracking from geostationary satellites, combined with i ; :
- a trend towards broad compatibility of satellite-derived

information with the Geographic Information Systems
(G1S) employed to aid disaster management programmes,

new atmospheric wind measurements (from planned
lidar instruments) and with ocean surface wind
measurements (from scatterometers), to provide more
accurate carly waming services;

Fighting fire with fire information

The Global Fire Monitoring Center (GFMC) was
established in Freiburg, Germany in 1998 to serve as
an international co-ordination centre for the provision
of near-real time and archived information on forest
fires, land-use fires, and smoke pollution at a global
level. This information is provided to decision makers
at national and international levels in support of the
evaluation of fire situations or precursors of fire
which potentially endanger humans or may negatively
affect the environment.

The GFMC serves as an operational global portal to
facilitate rapid access to a range of fire imagery and
data collected from Earth observation satellites. This
information has been used effectively by fire fighting
teams in many of the major international fire
disasters of recent years, including the bush fires near
Sydney, Australia in early 2002, and the fires in the
mountain forests of Ethiopia in February - April
2000. In the latter case, the use of AVHRR and DMSP
satellite imagery helped to develop support for the
assembly ofa signiﬁcant mulﬁnanonal fi re-ﬂghdng
team and to plan their response,

Sample images fror DMSP. lEthIop!d! and SPOT [Australla)

All sbout Natural Disasters; www natural-disasters com ARTEMIS: melar!, lao ora/delault him

UN International Strategy for Disaster Reduction: FEWS: www fews net/
i Volcanic Ash Alerts: www ssd noaa gov/VAAC/gen-info html

CEOS DMSG Information Server: disasterceos org/ Norwegian Oil Spill Surveillance System:

GFMC: wowrul uni-freiburg de/fireglobe/ w158 no/services/
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Multiple direction/polarisation instruments

Description

Advances in satellite instrumentation have resulted in a
general trend towards multi-functional capabilities in

surfaces. Multi-directional radiometers are also capable of
measuring cloud cover and cloud top temperature together
with atmospheric water vapour and liquid water content.

v many types of sensors - resulting in instruments with the In the visible and near IR spectrum, these 1n5lm‘mtnls
ATSR-2 capability to operate using different viewing modes and allow for improved measurements of the scattering

e angles, and multiple polarisations. The latest SAR properties of particles such as aerosols, and for the angular
MISR instruments demonstrate this trend. The category of characteristics of the various contributions to the Earth
PGLC_'ER, - ‘multiple direction/polarisation instruments’ is used here radiation budget, including surface albedo, to be measured.
POLDER-P however to describe instruments which are custom-built They also enable accurate measurement of parameters such
SPECTRA for observing, as their primary function, directional or as Normalised Difference Vegetation Indices (NDVI) which

polarisational characteristics of the target's signature, as a
means of deriving geophysical information.

Multi-directional radiometers can make observations of the
diffused or emitted radiation from a particular element of
the Earth’s surface or clouds from more than one incidence
angle. In this way, information on anisotropies in the
radiation may be identified. The emphasis in these
instruments is on spectral rather than spatial information
with the result that the detection channels, which typically
span the visible to the IR, are precisely calibrated and the
spatial resolution is usually of order 1km.

Polarimetric radiometers are used for applications in which
radiative information is embedded in the polarisation state
of the transmitted, reflected or scattered wave. Some
polarimetic radiometers also have a multi-directional
capability so that directional information can be

determined.

Applications

Using IR channels, multiple-angle viewing capabilities are
used to achieve accurate corrections for the effects of
[variable) atmospheric absorption and therefore to infer
precise temperature values, for example, of sea and land

are used to assess vegetation state and crop yield at
regional and global scales. MISR, currently flying on
NASA's Terra mission is providing new types of
information for scientists studying Earth's climate, such as
the partitioning of energy and carbon between the land
surface and the atmosphere, and the regional and global
impacts of different types of atmospheric particles and
clouds on climate.

Polarisation information is used to infer a variety of
parameters, including the size and scattering properties of
liquid water, cloud particles and aerosols, as well as
additional information on the optical thickness and phase
of clouds. Polarimetric radiometers also provide
information on the polarisation state of the radiation
backscattered from the Earth’s surface which supplements
measurements obtained from other land and sea imaging
instruments. Such measurements are of interest in a range
of applications from investigations of albedo and
reflectance to agriculture and the classification of
vegetation. ESA’s SMOS mission planned for launch in
2005 will use a dual polarisation interferometer to measure
estimates of soil moisture (a key variable for numerical
weather and climate models) and ocean salinity (important
for ocean circulation models).

Flobal seal surface temperature map produced using ATSR-2 data -
macctfra:les caused by atmospheric effects can be removed from multi-
directional radiometer data enabling precise measurements to be made.

These two MISR images of Pine Island Glacier in Antarctica revealed
@ 25km long crack that created a large iceberg. The views from MISR

also reveal differences in the ice sheet's surface texture, highlighting MISR: www-misr|pl.nasa gov/
surface fractures and enabling distinction of rough crevasses from AATS
R: envisat est
smooth blue ice, In the multi-angle composite [right) colour variations 1 estec esa nlinstruments/aatsr/
54 indicate differences in the angular reflectance properties of the scene SMOS: www esa '“‘felpﬂft/esaLPlsmus‘mm[

- with the smoother ice appearing dark purple instead of orange.












Gravity, magnetic field, and geodynamic instruments

Description

This “category’ of instruments is used here to describe a
vanety ol sensors and supporting systems used to derive
intormation on either the Earth's gravity field, magnetic

field, or geodynamic activity.

Gravity field measurements from space rely on one of
three techniques:

use of single or multiple accelerometers on one or more
satellites to derive gravity or gravity gradient information;

precise satellite orbit determination (using satellite to
ground navigation systems such as GPS and satellite laser
ranging systems), and separation of satellite motion
induced by the Earth's gravitational force alone, from
other forces (such as solar radiation and aerodynamic drag);

satellite to satellite tracking (eg by GPS or microwave
link) to measure relative speed variations of two
satellites induced by gravitational force,

Satellite-borne magnetometers provide information on
strength and direction of the internal and external Earth's
magnetic field and its time variations.

LAGEDS, CHAMP, GRACE, GOCE all provide new insights Into
Earth's gravity lield

Applications
Gravity field measurements from space provide the most

promising advances for improved measurement of the

‘geoid’ and its time variations. The geonid is the surface of

equal gravitational potential at mean sea level, and reflects

the irregularities in the Earth's gravity field ar the Earth's
surface due to the inhomogeneous mass and density

distribution in the Earth’s interior.
More accurate models of the static mean geoid and its
temporal variability are vital for:

a precise marine geoid, needed for the quantitative

determination, in combination with satellite

absolute ocean currents and their transport ol
other properties;

- a unified global height reference system for the sn

topographic processes, including the evolution of
sheets and land-surface topography;

new understanding of the physics of the Earth's interior;

estimates of the thickness of the polar ice

variations - through combination of bedr
derived from gravity measurements :
topography from altimetry;

- estimates of the mass/volume r

freshwater in order to further und
hydrological cycle;

- improved understanding of post

processes on a global scale.

Magnetic ficld measurements are also valt

of applications, including navig

10N Systems, resour

exploration drilling, spacecraft att

5VS
and assessments of the impact oi S€
by cosmic particles.
T'he precision location capabilities of satellite laser ranging

systems, DORIS and GPS are also used.

SO0me

combination with interferometric SAR (INS AR): in st
of studies of crustal deformation,

LeCtonic move

Earth's spin rate.

CH&MP ap.gte-potadam

ndex CHAMP html

GRACE; essp.gsic nasa.govigrace/

GOCE WWW.e54.int/ex

[esal F{goce himl

FEDSAT: www.cress csir

vau/tedsat ] him
























7 Earth observation plans - by measurement
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Soil Moisture

Soil moisture plays a key role in the hydrological cycle.
Evaporation rates, surface run-off, infiltration and
percolation are all affected by the level of moisture in the
soil. Soil moisture monitoring at scales from small
catchments to large river basins is important for drought
analysis, crop yield forecasting, irrigation planning, flood
protection and forest fire protection. There is a pressing
need for measurements of soil moisture for applications
such as crop yield predictions, identification of potential
famine areas, irrigation management, and monitoring of
areas subject to crosion and desertification, and for the
initialisation of NWP models.

Direct measurement of soil moisture from space is difficult.

Most of the active and passive microwave instruments will
provide some soil moisture information for regions of
limited vegetation cover. However, under many conditions
remote sensing data are inadequate, and information
regarding moisture depth remains elusive. While recent
studies have successfully demonstrated the use of infrared,
passive microwave, and non-SAR sensors to obtain soil
moisture information, the potential of active microwave
remote sensing based on SAR instruments remains largely
unrealised. The main advantage of radar is that it provides
observations at a high spatial resolution of tens of metres
compared 1o tens of kilometres for passive satellite
instruments such as radiometers or non-SAR active
instruments such as scatterometers. The main difficulty
with SAR imagery is that soil moisture, surface roughness,
and vegetation cover all have an imporiant and nearly
equal effect on radar backscatter. These interactions make
retrieval of soil moisture possible only under particular
conditions such as bare soil or surfaces with low vegetation.

An appropriate instrument for measurements of soil
moisture would appear to be the passive microwave
radiometer, although some success has been achieved by
radar - despite the complications of analysing the signals
reflected from the ground. Microwave radiation emitted at
the ground can be monitored to infer estimates of soil
moisture. Passive microwave sensors can be used to do this
based on detection of surface microwave emissions,
although the signal is very small. Reliable data (high
signal to noise ratio) need to be taken over a large area -
which introduces the problem of understanding how to
interpret the satellite signal since it consists of reflected
radiation from many different soil types.

SAR data currently provide the main source of information
on near-surface soil moisture - for example ASAR on
ESA’s Envisat mission provides data from which soil
moisture information can be inferred, and a project using
ASAR data is planned to produce maps of seasonal soil
moisture patterns at the regional scale for two European
river basins.

AMSR on Aqua and ADEOS-2 missions will provide a
variety of information on water content by measuring
weak radiation from the Earth's surface. NOAA’s conical
microwave imager/sounder, CMIS, will provide
environmental data including indications of soil moisture.

The first mission likely to satisfy requirements for
observing soil moisture from space for the primary
applications of hydrologic and meteorological models will
be ESA’s SMOS (Soil Moisture and Ocean Salinity Mission),
carrying the MIRAS (Microwave Imaging Radiometer using
Aperture Synthesis) passive L-band 2D-interferometer
(from 2005).
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7 Earth observation plans = by measurement

Multi-purpose imagery (ocean)

In addition to the specific aeean measurement observations
discussed in previous sections, a number of SCNsSors are
capable of providing a range of ocean imagery from which
useful secondary applications can be derived,

High resolution radiometers such as AVHRR, AATSR, and
VIIRS have multi-channel imaging capabilities to support
the acquisition and generation of a variety of applied
products including visible and infrared imaging of
hurricanes. They provide observations of large scale ocean
features, using variations in water colour and temperature
to derive information about large scale circulation,
currents, river outflow and water quality. Such
observations are relevant o activities such as ship routing,
coastal zone monitoring, toxic algal bloom detection,
management of fishing fleets and sea pollution monitoring.

High to medium resolution imaging sensors such as MERIS
are better suited to observations of coastal zone areas and
can provide information on sedimentation, bathymetry,
erosion phenomena and aquaculture activity.

In addition, SAR instruments such as RADARSAT, ASAR
and PALSAR provide a valuable all-weather, day and night
source of information on oceanographic features including
fronts, eddies and internal waves. SAR imagery is also
useful for:

- pollution monitoring - notahly oil spill detection;

- ship detection - useful to rescue services, port
authorities, custom and immigration services;

- coastal change detection - topography mapping;

- hottom topography mapping, valuable for resource
exploration and pipeline routing.
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List of satellite missions (chronological)

L pp 0 Orb
. Currerilly | Y5-Feb-87 31-Dec:50 | Geodetic 'RRA Type: inclined, non-sunsynchronous
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Mission Status Launchdate EOL date Applications Instruments  Orbit details & URL

SPOT-S Currently | 04-May-02 | 04-May-07 | Cartography, | DORIS-NG, [ Type: Sun-synchronous.

{Satellite Pour JEULER{CT v i hnd?udg::, : HRG, HRS, ) A“m‘ti B832km

UObservation agriculture and | VEGETATION | Period: 101mins

de la Terre - 5) Tarestry, civil Inclination: 98.7deg

CNES planning and Repeat cycle: 26days.
mapping, LST: 10:30

digital terrain Longitude if geol:
Asc/desc: Descending
URL: www.spotimage fr/home/

models,
environmental
monitoring

FY-1D Currently | 15-May-02  |31-May-04 | Meteorology, MVISR [10
[FY-1D Polar- RCUGNUENTS Environmental channels)
orbiting monitoring
ical
Satellite) .
NRSCC

01-Jun-02 01-Jun-14| Meteorology, data
collection and
‘communication,
search and rescue

25-Jun-02 01-Mar-06

|
¥

MSG-1
| (Meteosat
?‘ Second
i Generation-1)

CBERS-2
(China Brani
Earth
Resources
Satellite - 2

PR

o S
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Mission

BNSCSat
(Disaster
Monitoring
Constellation)

Status

Launchdate EOL date

Applications

Instruments

Orbit details & URL

INSAY 30
{Indian
National
Satellite - 30)

Resurs DK

GOES-N
{Geostationary
Operational
Environmental
Satellite - N)

CARTOSAT-1

DEMETER
[Detection of
Electro-
Magnelic
Emisssons
Transmitted
from
Earthquake
Regions)

TopSat
[Optical
Imaging
Satellite)

Approved | 01-Jon-03 | 01-Jan-04 | Medium OMC Imager | Type: TRO
resolution :l:::::m?ﬂﬂhm
eblé Mt )
for support of Inclination:
disaster Repeat cycle)
management LaTi
i e [if geoli
desc
URL: www.sstl ¢o uk/missions/
Approved | 01-Jan-03 01-Jan-15| Meteorology, data | Imager Type: Geostationary
calleetion and (INSAT,  Altitude,
communication, | Sounder Poriod|
search and rescun | (INSAT] Inclination:
 Repeat cycle: o
LsT) \
Longitude {if geol: 83 :
| Asc/desc:
URL,
Planned 01 Jan-03 31-Dec-06 | Agriculture and Multispectral | Type: Sun-synchranous
forestry, high resolution | Altitude; 670km 1
hydrology, scanner Period. 1
environmental Inclination; '
manitoring, Repeat cycle: |
hydrometenrology, ST "
Ice and snow, land | Longitude (if geol: b
| surface, Asc/desc: 4
meteorology | URL 1
Approved | 07-Jan-03 | 07-Jan-08 | Metearology CS [NOAAL, | Type: Geostatianary ij
Iprimary mission), | GOES Comms, | Altjtude: y
search and rescue, | Imager, | Period:
space environment | SEM (GOESL | Inclination: ) !
monitoring, data | S&R[GOES], | Repeat cycle: ) i
9. W I Ituds geol
WEFAX ! | Ascrdescina i
I | URL: www.os0 noaa gov/goes/
Approved | D1-Mar-03 | 01-Mar-08 | Physicat



Mission Status

Planned

Launch date  EOL date

Applications

Instruments

Orbit details & URL

COSMO- 31-Dec-03 31-Dec-08 | Environmental SAR 2000 Type: Sun-synchronous
SkyMed monioring, Allitude: 419m
[Constellation surveillance and Period; 97 84mins
of small risk management Inclination:
Satellites for aplications, Repeat cycle: 16days
Mediterranean environmental LST: 0400
basin resources Longitude [if geol:
Observation) management, Asc/dese. Ascending
A maritime URL: vaww.alespazio it/program/tic/cosmalcosmo him
management, earth
topographic
mapping, law
enforcement,
informative/science
applications
FY-2C Planned 31-Dec-03 31-Dec-0& | Meteorology and | IVISSR [FY-2] Type: Geostationary
[FY-2C environmental Altitude:
Geostationary monitaring Data Period
Meteorological colection and Inclination;
Satellite) redistribution Repeat cycle:
NRSCC LST:
Longitude [if geo) <105
Asc/desc:
URL:
Approved 01-Jan-04 01-Jan-0% | Chemistry and HIRDLS, Type: Sun-synchronous
dynamics of MLS [EOS- Altitude: 705km
Earth's Aura), OM, Periad: 98 Bmins.
atmosphere from | TES Inclination; 98.2deg
the ground Repeat cycle: 16days
through the LST: 13:45
mesosphere Longitude [if geo)
Asc/desc: Ascending
URL: aura gsfc.nasa.gov/
Approved 01-Jan-04 01-Jan-07 | Cartography, MSC Type:Sun-synchronous
land use and Altitude: 685km
planning, Period: 98 .5mins
disaster Inclination
monitoring Repeat cycle: 28days
LST: 10:50
Longitude [if geol:
Asc/desc: Ascending
URL: kompsat kari.re.kr/english/index.asp
01-Jan-04 01-Jan-06 | Micro-satellite POLDER-P Type: Sun-synchronous
with the aim of Altitude: 700km
characterisation of Period:
the clouds and Inclination:
aerosols Repeat cycle:
microphysical and LST: 12:00
radiative Longitude [if geal:
properties, needed Asc/desc:
to understand and URL: www-projet cst.cnes. fr:8060/PARASOL/index. himi
model the
radiative impact of
clouds and aerosols
2 ’ ] - Strataspheric SAGE Il Type: Sun-synchronous
CYYI AV Planned | 01-Jan-04 | 01-Jan-09 MN::;"W _ ks
(SAGE 1N "lghl "ﬂlimﬂ"mﬂhl Period:
of opportunity) of apportunity is Inclination;
: being sought for Repeat cycle:
the SAGE Il LST,
| instrument Longitude lif geal:
" Asc/desc
URL: www-saged larc.nasa gov/
~ MSU-UM, Type: Sun-synchronous
SU-UMS, Altitude: 650km
SU-VR Period: 98mins
Inclination: 78deg
| Repeat cycle:
| LsT: 1050
| ten it geol:
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{Vegetation
Canopy Lidar]

Resurs 1 N§

akosMm

Status Launchdate EOL date Applications instruments  Orbit details & URL
non-sunsynchronous
Approved | 01.Jan-05 | 01-May-06 | Amisto " GPSOR, MBLA | Type: MM'M
Period:

30 structurs of the s76e
are. land cover m-mm:
characterisation for
terrestrial wqhudeluq-dl:
ecosystem and Ast/desc: N/A
climate modelling; URL: essp.gsc
data set of
topographic spot
Launch date TBO

Planned . : Environmental OEKDZZWR | Type: Sun-synchronous

01-Jan-05 | 31-Dec-08 ronn > _
agriculture and Period:
forestry, hydrology. | Inctination:
hydrometeorology, | Rapulcyclr
ice and snow, land
surface, mngﬂndalﬁgeol
dsaster i
management
01-Jan-05 31-Dec-09 | Hydrometeorology, | BRK, MSU-GS, | Type: Geostationary

climatology, RMS

Altitude:

Period:

st

Repeat cycle:

1S57:

Longltud- [if geol: -76

& ?:"h)‘dfc"‘g’

01-Jan-10

MSG-2
(Meteosat
Second
Generation-2)

155
{international
Space Station]

TerraSAR-X
[TerraSAR-X
band|

120







Mission Status Launchdate EOL date Applications Instruments  Orbit details & URL

ESPERIA Considered | 01-Jan-04 01-Jan-08 | Study of EMA, GPS, Type: Sun-synchronous
[Earthquake pertutbations in | LP/RPA, PDA | Altitude:
investigations the atmosphere Period:
by Satellite and and ionosphere Inclination:
Physics of the caused by E;]Tm! cycle:
i electromagnetic i
gmmé. waves, sm?n term Longitude lif geol:
lonosphere and earthquake Asc/desc:
Atmosphere] prediction URL: i
FOURIER Considered | 01-Jan-0é 01-Jan-08 | Atmospheric Hycam, Type: Sun-synchronous
physics, radiative | Lagrange, Altitude:
properties, PFS Period: |
climate change | Inclination:
Repeat cycle:
LST:
Longitude (if geol:
Asc/desc: !
URL: I |

01-Jan-04 D1-Jan-11 | Natural Resources | AWIFS, LISS-Iil, | Type: Sun-synchronous : ,i
Management: LISS-IV Altitude: 817km =
Agricultural Period: 102mins i ;-*_l{
applications; Inclination: 98,72deg e
Farestry Repeat cycle: 26 days o
LST: 3
Longitude [if geo): =
Asc/desc: Descending R
URL: =

Considered | 01-Jan-D6 01-Jan-08 | Global water IGPM Type: Sun-synchronous

and energy Altitude:

cycle Period:
Inclination:
Repeat cycle:
LSTE
Longitude [if geol:
Asc/desc:
URL:

Planned 01-Jan-06 01-Jan-46 | Geodesy, crustal | LRAILAGEOS] | Type: Inclined, non-sunsyn
motion and Altitude: 5900km
gravity field |

measurements
by laser ranging.
Launch TBD -
dates given are
for illustration
only

Study of the inter-
its convective

REFIR

{Radiation
Explorer in
the Far IR}

SMOS
1Soil Moisture
and Ocean

Salinity |Earth

orer















NPOESS-3
{National
Polar-erbiting
Operational
Envirenmental
Satellite
System - 3]

Launch date  EOL date

Applications

Instruments

Orbit details & URL

FY-JF
{FY-3F

Polar-orbiting
Meteorological

METOP-3
[Metsarologicat
Cperational
Polar Satellite
-3

AR TS

FY-35

|FY-36 Polar-
erinling i
HMetepcolagical |
Satetiita)

NPOESS-5

01-Apr-13 01-Sept-18] Meteorological. A-DCS, ALT, Type. Sun:synchronous
climatie, CMIS, Cris, Altitude- #3Tkm  ~
terrestrial, ERBS, Period: 101mins
oteanographic and | GPSOS, Inclination: 78.75deg
solar-geophysical | 5&R INOAAJ, Repent cycle
applications; global | SARSAT, SESS, | LST 1730
and regional TS15, VIIRS Langitude [if geo)
environmental Asc/desc: Ascanding
monitoring, search URL: whwrer.npoess noad gov
and rescue, data
colleclion

Planned 31-Dec-14 31-Dec-16 | Meteorplogy and | IMWAS, IRAS, Type: Sun-synchronous
environmental MIRAS, MVIRS, | Altitude:
maonitoring Data MWHS, MWRI. | Period:
collection OP. TOM.VIRR | Inclination
redistribution Repeat cycle:

LST

Longituda |if ges)
Asci/desc

URL:

Approyed | D1-Jan-15 01-Jun-20 | Meteornlogical. A-DCS, APS, Type Sun-synchronaus
clumatic, CMI5, SARSAT, | Altitude: 833km
terrestrial VIIRS Perod: 101mins
oceanoaraphic. Inclination: 98 75deg
and splar- Repeat cycle
geophysical LST-21.30
applications; Longiude [if geok
global and Ascidesc: Ascending
regional URL: www npowess noas gov
environmentat
monitenng. search
and rescue, data
collection

Approved | 30-Jun-15 | 30-Jun-20 | Metearology, ARGOS, ASCAT, | Type Sun-synchronous

. : climatology AVHRR/3, Altitude: B40km

GRAS, IAs], Period: 101, Tmins

MCP, MHS Inclination 78 8deg
Repeat cycls: Sdays
LST: 0330
Longitude lif geol-
Asxc/desc: Descending
URL: www sumatsat de/enareai/inpe dihimi

Planned 31-Dec-16 | 31-Dec-18 | Meteoralogyand | IMWAS, IRAS, | Type: Sun-synchronous
i envirgnmental MIRAS, MVIRS, | Allitude:
monitoring Data | MWHS, MWR(. | Period:
collection and OP. TOM. VIRR | Inclination:
| redistribution I.SRWT cycle

Longitude fif geol!
Ascfdesc
URL:

ADTS, ATMS. | Type: Sun-synchranous

SARSAT. SESS. | Inclimation: 78 T3deg
L57: 1230
Langtude bl geal
Asc/desc. Ascending
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9 Catalogue of satellite instruments

9.1 Introduction

This section contains an alphabetical list of all instruments

on the missions listed in section 8, For each instrument the
Tollowing information is given:

The descriptions of waveband adopt the following

conventions for defining which parts of the spectrum
are measured;

Frequency Acronym Wavelength range

I ) i
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CEOS Structure.

IGOS Partnership

Strategic Implementation
Team [SIT]

EUMETSAT (Chair)

.
Working Group on Calibration
and Validation
[WGCV), ESA/ESRIN

A Further information on CEOS

Committee on
Earth Observation Satellites
[CEQS] Plenary
Members/Associates

Secretariat
ESA, NASA/NOAA,

MEXT/NASDA

Ad-hoc Working Groupen =
Disaster Management Suppert
[DMSG], NOAA

Ad-hoc Working Group on

Education and Training
[WGEdu), ISRO

© @ o @ o 'he CEOS Chair serves as
Co-Chair for the 1G0S Partnership
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