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1 Introduction

1.1 THE INCREASING NEED FOR
OBSERVATIONS OF THE EARTH

It 1s recognised that, today, the eftects of growing
population and economic development are
placing heavier and expanding demands and
stresses upon the finite resources of the Earth
System, through for example:

— increasing consumption of many natural
resources, such as food stocks, water, minerals,
oil, gas, and other materials;

— environmental pollution of land, sea, and air;

— large-scale changes in land use through
urbanisation and deforestation;

— the possibility of anthropogenic global climate
change.

At the same time there is increased awareness of
the human and economic significance of the
natural variability of the Earth System,
particularly with regard to the effects of extreme
events — manifested through natural disasters such
as floods and earthquakes.

Despite growing concern and scrutiny of these
effects, our efforts to meet global human needs
mean that future development cannot be halted,
rather, it must become sustainable and less
environmentally destructive — so that today’s
development does not undermine the
development and environment needs of future
generations.

Factors pertinent to sustainable development
cover virtually all human activities. In order to
understand these factors and their complex inter-
relationships, more information is required on
the social, economic and environmental spheres
of human activity. In the broadest sense,
observations are required to provide basic data on
all these areas. Such data underpin advances in
understanding of the basic Earth System and of
human influences on it.

Although the primary concerns of governments
may relate to the needs of national development,
many of the relevant issues are global in nature.

For example, local atmospheric pollution may
affect the global climate system. The worldwide
concern over the requirement for sustainable
development has been reflected in the
formulation of a number of international
agreements, many of which explicitly call for
systematic observations of the Earth to increase
our understanding of its processes and our ability
to monitor them. Notable among these
agreements are:

+ Agenda 21 and the work of the UN
Commission on Sustainable Development;

e the Framework Convention on Climate
Change;

+ the International Convention to Combat
Desertification;

+ the Biodiversity Convention;

» the Vienna Convention and its Montreal
Protocol.

Concern over the costs of the most extreme
effects of the Earth System has also been
recognised through the United Nations
declaration of the 1990s as the International
Decade for Natural Disaster Reduction.

This document focuses on the need for
observations of the environment, both:
worldwide environmental needs which call for
observations with global coverage; and regional,
national, and local needs in support of specific
environmental and development issues. These
observations, comprising a number of different
geophysical measurements, are required on a
variety of temporal and spatial scales, determined
on a measurement-by-measurement basis and
depending on the uses of the data.

For observations relating to the global system,
long time series of data are often essential; a
combination of previously recorded data must be
coupled with contemporary observations to
provide a consistent database. Many years of
ozone observations were required, for example,
to establish convincingly that ozone levels were
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bemg depleted and that governments should
agree to protocols limiting the release of
chemicals which were decreasing ozone to
potentially harmful levels. Similarly, the
Framework Convention on Chmate Change s,
at least partly, motivated by the careful 30-year
observational record of carbon dioxide, begun

during the International Geophysical Year.

Regional, national, and local observations are
required, inter alia, to: enable increased
undcrstanding of national environmental issues
and mproved resource management; to inform
national decision-making in e

nvironmentally-
Sensitive socio

-economic sectors including water,
energy. agriculture, forestry, fisheries,
construction, transportation and the retail and
leisure industries; and to provide information for
natural disaster warning and mitigation. An
Important area of concern for governments,
particularly within developing countries and
countries with economies in transition, is their
ability to prepare for and respond to extreme

environmental events such as flooding, drought
and earthquakes.

The required observations, be they local, fegional
or global, can be made using a variety of
measuring techniques and platforms. In general, a
combination of in-situ observations (for example,
measurements from weather stations and ships)
and a variety of sensors mounted on space
platforms are able to provide useful data. Both
kinds of data must be adequately calibrated and
quality controlled, effectively disseminated and
archived to provide comprehensive information
on the Earth System, for both present and future
generations.

1.2 OPPORTUNITIES FROM SPACE

The observational requirements arising from the
need to understand more fully the Earth System,
and provide services based on that. incrc?sed
understanding, are wide ranging, lnvolwr.]g many
different measuring techniques and associated
data processing systems. No single agency 1s in a
position to provide the complete range of
information.

Earth observation satellites provide an important
source of information. Over the next 15 years
the world’s civil space agencies plan
approximately 80 missions carrying over 200
different instruments, providing measurements of
many parameters of interest to those studying the
Earth’s environment®. These planned missions
will provide a significant increase in data and
information over the satellites currently flying
and, supported by complementary in-situ
observations, offer the prospect of global

coverage for a range of valuable measurements.
However, some missions are still uncertain
regarding funding, launch dates and payloads and
only a few are planned as operational systems to

maintain continuous, consistent measurements
over long periods of time.

Present-day applications of satellite data are
widespread and cover research, operational and
commercial activities. These activities are of
interest in the global context and the regional,
national, and local context where Earth
observation data are successfully applied in
support of a range of different sectors. A brief
subset of the successful applications of satellite
Earth observation data is given belowt:

climate change research relies on operational and
research systems to generate high-quality,
consistent, global datasets for use in

understanding the global climate system,
detection of potential anthropogenic change,
validation of climate models, and predic

tion of
the impact of change;

stratospheric chemistry particularly related to the




ozone hole, benefits from satellite information
to momtor and map ozone concentrations and
to asust in understanding the fundamental,
underlying processes leading to ozone
depletion;

weather forecasts based on Numerical Weather
Prediction (NWP) utilise operational satellite
measurements of both surface and upper air
winds and atmospheric temperature ficlds.
Due to model and observational
improvements, the accuracy of recent 5 day
forecasts is much better than the 2 day
forecasts in the mid 1970s and recent 7 day

forecasts are as accurate as the 5.5 day forecasts
available in 1980;

agriculture and forestry services utilise satellite data
to provide, amongst other products, mapping
information, crop health statistics, yield
predictions, harvest optimisation, and
estimated rainfall amount;

resource mapping utilising very high resolution
satellite data, when combined with
conventional survey techniques, provides
information needed to locate both renewable
and non-renewable resources, such as mineral
deposits, and a cost-effective means of
mapping large, sometimes inaccessible regions;

hazard monitoring and disaster assessment schemes
are in place which incorporate satellite data to
provide wide area coverage of, amongst other
things, volcano plumes and areas stricken by
drought or earthquake;

ice monitoring with satellite data is provided as
an operational service in many parts of the
world affected by sea ice and results in
improved safety and reduced operating costs
through optimum routing for ships through
ice fields;

coastal zone management benefits from satellite
information on parameters such as water
quality, suspended sediment and sea surface
temperature. These can be used to monitor
river outflow and track oceanic features. In

addition, satellites generally provide much

superior sampling compared with conventional
surveys;

oceanographic applications include provision of
more accurate information on likely fishing
grounds (based on sea surface temperature),
ocean wave forecasting for ship routing,
measurement of the sea floor topography for
off-shore exploration, and oil slick pollution
monitoring.

It is clear that satellite data have many potential
applications and that already there exist a number
of satellite-based instruments providing valuable
information. Earth observation satellites have the
potential to both:

— assist future development, for example by
providing information to improve natural
resource exploration and recovery techniques;
and

— enable management of that development in a
sustainable way, by providing global
monitoring capabilities which allow better
understanding of Earth System processes and
improved assessments of development impact —
such as depletion of stocks or quality of
natural resources.

Coordination of international satellite-related
activities in order to meet efficiently the needs of
the full range of users is a vital consideration.
Indeed, as an extension of the G-7 Economic
Summit process, the Committee on Earth
Observation Satellites (CEOS) was formed in
1984 to provide such coordination.

International investment in satellite platforms and
instruments and the associated ground segments
is already substantial (amounting to many
hundreds of millions of US$ per annum). A
higher scale of investment is planned over the
coming decade and CEOS will continue to play
a key role in coordinating these investments,
through its principal objectives outlined in
section 2, in order to ensure full realisation of the
benefits of this truly international activity.



1.3 SCOPE AND CONTENTS
OF THIS REPORT

The mformation contained within this report
details the current status and plans for future
Earth observation satellite missions and describes
how the data and information which they supply
relate to worldwide needs for information on
Earth System processes — in support of significant
objectives of national and international concern.
The approach which has been adopted has been
to illustrate the contributions from satellites in
providing a range of different geophysical
measurements.

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 from 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-
€CONOMmIC SECtOors.

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

As an up-to-date and comprehensive compilation
of CEOS agency plans, the report provides a
definitive reference source for information on
current and future Earth observation

programmes.

Section 2 gives an overview of the organisation,
activities, and achievements of CEOS. The
capabilities of satellites in providing Earth
observations are discussed in section 3 —
including information on the different types of
missions and instruments which are planned.
Section 4 relates the measurements of these

instruments to the need for Earth observations —

notably those needs relating to global

environment progra mimes.

The annexes include:

A catalogue of satellite missions

B catalogue of satellite instruments

C CEOS membership details

D CEOS Affiliate agencies and programmes
E abbreviations

F points of contact

* 1994 CEOS Dossier: Satellite Missions and Instruments:

Ground Segment and Data Products; Relevance of Satellite
Missions to Global Environmental Programmes

T CEOS Special Report on Successful Applications of EQ
Satellite Data, Pilot Version, July 1994, presented to
the 1994 CEOS Plenary by STA/NASDA



2 CEOS: Coordination for the next decade

2.1 OVERVIEW

The Committee on Earth Observation Satellites
(originally named the International Earth
Observation Satellite Committee, IEOSC) was
created in 1984, in response to a
recommendation from a panel of experts on
Satellite Remote Sensing under the aegis of the
Economic Summit of Industrialised Nations
Working Group on Growth, Technology and
Employment. This group recognised the
multidisciplinary nature of satellite Earth
observations and the value of coordinating
mternational mission plans. CEOS has since
established a broad framework for coordination
across all spaceborne Earth observation missions.

CEOS has three primary objectives:

— to optimize the benefits of spaceborne Earth
observations through cooperation of its
Members in mission planning and in the
development of compatible data products,
formats, services, applications, and policies;

— to aid both its Members and the international
user community by, inter alia, serving as the
focal point for international coordination of
space-related Earth observation activities,
including those related to global change;

— to exchange policy and technical information
to encourage complementarity and
compatibility among spaceborne Earth
observation systems currently in service or
development, and the data received from
them: issues of common interest across the
spectrum of Earth observation satellite
missions will be addressed.

Individual members of CEOS use their best
efforts to implement CEOS recommendations in
their respective Earth observation programmes,

Since its inception, CEOS Membership (annex
C) has grown to encompass all the world’s civil
agencies responsible for Earth observation satellite
programmes, along with agencies that receive and
process data acquired remotely from space.

International user organisations, such as the
World Climate Research Programme and the
United Nations Environment Programme have
Aftiliate status (annex D) and governmental
organisations that are international or national in
nature and have significant ground segment
activity can apply to become Observers.

2.2 STRUCTURE AND ACTIVITIES
Structure

The work of CEOS spans the full range of
activities required for proper international
coordination of Earth observation programmes
and maximum utilisation of their data, and ranges
from the development of detailed technical
standards for data product exchange, through to
the establishment of high level interagency
agreements on common data policies for different
application areas — such as global climate change
and environmental monitoring.

At the highest level within CEQS, the Plenary
session meets once per year and brings together
all Member, Affiliate, and Observer agencies
{(annex C) — providing them with a valuable
forum to exchange information on relevant
national/regional plans and activities, to discuss
the impact of relevant developments worldwide,
and to review progress on the various projects
and activities being undertaken within the CEOS
working groups and task forces.

The working level organisation of CEOS is
shown in figure 2-1.

: Committee on Earth ;
Observation Satellites

4 Secretariat @

4@ Working Group on

,workingu?ﬂroup on i

Calibration and Validation
Subgroups Subgroups
Format Terrain mapping
Catalogue Microwave sensors
¢ Services | Auxiliary data SAR calibration
bt Network Optical sensors
Figure 2-1 Current CEOS organisation
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There are currently two standing working

groups:

the Working Group on Data (WGD) which has the

goal of coordinating and standardising all aspects of EO

data management and has subgroups tasked with
addressing:

compatible approaches to data formatting
(Format Subgroup);

— international catalogue system interoperability
(Catalogue Subgroup);

= coordination of issues related to auxiliary data
(Earth data which are complementary to
satellite Earth observation data) (Auxiliary
Data Subgroup);

— optimisation and improvement of data
networks for use by CEOS agencies and their
users (Network Subgroup);

the Working Group on Calibration and Validation
(WGCV) which provides a focus for coordination and
cooperation in activities related fo calibration and
validation of Earth observations, and has the following
subgroups:

— Terrain Mapping Subgroup;

— Microwave Sensors Subgroup;

~ SAR Calibration Subgroup;

— Infrared and Visible Optical Sensors Subgroup.

In addition, recognising the need to keep pace
with technological developments, CEOS has
recently established an Interim Working Group
on International Network Services to help define
the best way ahead for CEOS agencies to address
the issue of cooperation in future high speed
global networks for Earth observation data and
their associated user services. CEOS is currently
considering how best to execute such initiatives
in terms of future working group structure,

CEOS places great emphasis upon the
communication between the providers of satellite
Earth observation data (the space agencies) and
users of the data — represented in CEOS by the

Affiliate agencies, which include agencies
interested in global environmental research and
operational monitoring. To enhance this
communication, CEOS has held periodic User
Requirements Workshops — as a means of
reporting the data needs of these agencies and
exploring how well they can be met by satellite
Earth observations. Such workshops have been
held in the spring of each year for the last three
years and have been successful in developing a
better dialogue and mutual understanding
concerning the capabilities of satellites and how
they can contribute to the requirements of user

programimnes.
Activities
The CEOS Deossier

As CEOS enters its second decade, it is now
recognised as the main international forum for
the coordination of Earth observation satellite
programmes and for interaction of the space
agencies with users worldwide. The CEOS
Dossier has proved to be a key means of
achieving this coordination and user interaction.
The CEOS Dossier is a compendium of the
programmes and plans of the space agencies over
the next 15 vyears, and contains comprehensive
details of mission schedules, instrument
characteristics and measurement capabilities. The
Dossier comprises 3 volumes:

— Volume A: Missions and Instruments;

— Volume B: Ground Segment and Data
Products - a guide to the reception and
processing facilities available worldwide and
details of the various data products available to

users, plus information on CEOS working
groups and their activities:

Volume C: The Relevance of Satellite
Missions to Global Environmental

Programmes, contains a detailed comp,
of the provision of d
plans (

arison
ata arising from agency
reported in Volume A) with the
requirements specified by the Affiliate

agencies. The analysis is arranged by principal






will be made available to the international
community’. The mechanisms behind these
principles are currently being tested in the
context of the International Geosphere-
Biosphere Programme (IGBP) through a pilot
project to exchange high-resolution image data
between agencies.

There are very many other CEOS initiatives,
undertaken by the working groups — ranging
from: the standardisation of data product
calibration and validation procedures; the
development of glossaries of technical terms; to
the development of data format standards, and
the improvement of inter-agency network
connectivity — which have been aimed at

simplifying and standardising exchange and use of
satellite data.

Promotion of EO applications

Reflecting the broad range of application
interests of CEOS agencies, a pilot version of the
“CEOS Special Report on Successful
Applications of EO Satellite Data” was produced
during 1994. The aims of the report were:

— to provide a guide to the successful utilisation
of satellite EO data in various application
projects;

— to identify and quantify the derived benefits;
— to identify implications for future projects.

The pilot report demonstrated the current level
of maturity of satellite data applications and
illustrated the potentially significant benefits — in
social, economic and environmental terms —
across a broad spectrum of sectors such as
agriculture, resource management, and civil
planning,

A full version of the CEOS Special Report will
be produced during 1995,

2.3 EMERGING INITIATIVES

Change is one feature which is common to our
understanding of the Earth System, to the status
of technology which we use to observe it, and to
the understanding and working practices of the
scientists and decision-makers charged with
monitoring and advising on the state of that
system. CEOS agencies are mindful of the need
to be responsive to these changes and a five year
strategy for CEOS was drafted during 1994
which will be reviewed and revised on an annual
basis.

A number of the more recent initiatives
emerging from CEOS are discussed below.

International Network Services

Recognising the need for a coordinated approach
in achieving an international Earth observing
system, CEOS has already taken steps towards
coordination in the development of the
observing satellites in order to provide
complementary data. To maximise the utilisation
of the data collected by these satellites it will be
necessary to achieve a corresponding degree of
international coordination in the provision of the
systems which disseminate and enable access to
that data. The interconnectivity of available
global networks and interoperability of network

services are key factors in achieving this
objective.

CEOS agencies are in the process of defining a
strategy for the use of 2 global network
infrastructure and standard netw
with the emphasis on the provis
services and encouraging wider utilisation of EO
data through wider and easier access on the
‘information superhighway’,

ork services —
10n of user

Developing Countries Initiative

It is generally recognised that, although there

have been many demonstrations

of the value of
EO satellites in

application to deve
such as food production, re
and environment chyy

lopment issues
source management

acterisation, there has been



insuthicient effort applied to the transfer of that
knowledge to developing countries. Similarly, the
potentially valuable role of developing countries
contributing to global climate and environmental
observations has not been explored sufficiently.

In order to start to address these issues, a CEOS
Workshop on Developing Country Activities was
convened in Brazil in 1994. As a result of that
meeting, CEOS is developing a strategy to create
and maintain an indigenous capability which is
integrated into local decision-making processes —
thereby enabling developing countries to obtain
maximum benefit from Earth observation.
Specific actions include:

improving links and communications;

mproving access mechanisms to relevant data;

training activities;

— scientist exchange programmes.

Task Force on CEOS Planning
and Analysis

Developing the dialogue between the Member
space agencies and the Affiliate user agencies is
an important priority for CEOS and significant
efforts have already been made through the
CEOS Dossier to compare the provision of data
from satellites with the user programme
requirements. The logical conclusion of this
exercise is to identify how future international
Earth observation programmes might be
modified to avoid gaps and overlaps in the
provision of data and to achieve the measurement
characteristics which are required (such as the
necessary accuracy and frequency).

A Task Force on CEOS Planning and Analysis
was established last year to further develop this
process and will report to the 1995 CEOS
Plenary on its findings.
















































INSTRUMENT
CATALOGUE

AMI
[scaterometer

mode)
ASCAT
NSCAT

RLSBO with
scatterometer

Sea Winds

WIND SCATTEROMETERS

Description

Wind scatterometers use accurate measurements
of the radar backscatter from the ocean surface
when illuminated by a microwave signal with a
narrow spectral bandwidth to derive information
on ocean surface wind velocity. At a given angle
to the flight path of the satellite, the amount of
backscatter depends on two factors — the size of
the surface ripples on the ocean, and their
orientataon \\'lth r@\PL‘Ct to thl‘ pr()pagd[ion
direction of the pulse of radiation transmitted by
the scatterometer. The first is dependent on wind
stress and hence wind speed at the surface, while
the second is related to wind direction. Hence
measurements by such scatterometers may be
used to derive both wind speed and direction.

These mstruments aim to achieve high accuracy
measurements of wind vectors (speed and
direction) and resolution 1s of secondary
importance (they generally produce wind maps
with a resolution of order 50 km). Because these
scatterometers operate at microwave wavelengths,
the measurements are available irrespective of

weather conditions.

Applications
rom wind scatterometers provides a

[nformation f ;
data on sea surface wind speed

unique source of :
i 1 ant : -ations in
direction which has important applicati

r forecasting and the investigation of
There are numerous other

and
weathe

climate models.
applications of this data including the

imi “shi 5 : f sea
optimisation of ship routes, measurement O

ice extent and cencentration, and emerging land
surface applications — such as monitoring of rain

forests, tundra, and deserts.

R
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Hean wsve height in meter:
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The ERS-1 scatterometer has been used to optimise frans-Aflantic
ship routing, steering ships clear of storms (in red above)

Wind speeds of over 15m/sec were mapped near the eye of
Hurricane Emily in 1993 by ERS-]

Dautsche Aarospace and MPI for Metearology






Programme (WCRP), and the International 4.2 OVERVIEW
Geosphere-Biosphere Programme (IGBP). All of

Current areas of strength of today’s Earth
these programmes are affiliated to CEOS which

: , observation satellites include:
provides the forum for an ongoing haison

between the environmental agencies and the - Chemistry and dynamics of the stratosphere

space agencies with a view to: developing a are currently being studied using data from the
common dialogue between data providers and NASA UARS nussion. UARS is providing a
data users; communicating user requiremnents; global picture of the stratosphere and its

and ulumately harmonising international Earth diurnal and seasonal variations.

observation plans to provide a strategy which will
provide the information to satisfy global needs
and to ensure maximum return — in terms of
data utlisation — from the resources invested 1n
support of Earth observing space missions.

— Atmospheric hurmdity and temperature
profiles are routinely provided for operational
meteorology by the NOAA polar orbiting
satellites.

— Atmospheric winds (through cloud tracking),
cloud amount, and tropical precipitation
estimates, are provided for most of the globe
by the geostationary meteorological satellite
series Meteosat, GOES, GMS, INSAT and
GOMS.

Outline descriptions of the environmental
programmes and agencies which are affihated to
CEOS are given in annex C.

— Mulu-purpose imagery for both land and sea
1 being collected by both high resolution
optical and synthetic aperture radar (SAR)
mnstruments for use i environmental, public,
and commercial applications. Optical sensors
mclude AVHRR on the NOAA polar
orbiters, ATSR, those on SPOT, Landsat,
Resource, and IRS series; SAR sensors
clude those on the ERS series and JERS-1.
Further future missions and INCreasing sensor
resolution will ensure improved data collection
and application opportunities.

Sea surface temperature information is bemng
generated by data from existing meteorological
satellites and from instrumentation on the
ERS series. Future plans, including the
ADEOS series, provide continuity. Satellites
are now also making consistent and
continuous measurements of other important
oceanographic parameters such as ocean
topography, ocean currents, and sea surface
winds. Contributing satellites include
Topex/Poseidon and the ERS series.




= Seaice and 1ce sheet extent are being
measured by a range of mussions and

continuity 1s planned = notably through
RADARSAT due for launch in 1995,

Future mussions, with new types of nstruments
employing a new generation of technology and
techmques, will enable Earth observation
satellites to make further contributions,
mcluding:

— A sigmficant increase in information about the
chenustry and dynamics of the atmosphere,
including: long term global measurements of
concentrations of ozone and many other trace
and greenhouse gases; information on the role
of clouds in climate change; the ability to
better map cloud cover and precipitation —
mcluding over the oceans; measurements of
3-D atmospheric winds 1n the absence of
clouds to track; global aerosol distributions;
and extended coverage of atmospheric
measurements mnto the troposphere to allow
improved pollution monitoring. These
capabilines will be provided by a variety of
novel mstrumentation — such as the
Precipitation Radar featured on TRMM and
the concept demonstrators for cloud and rain

radars and doppler lidar instruments proposed
for future mussions.

— Improved repeat coverage of many
oceanographic measurements, plus new
capabilities in measuring ocean colour and
biology — starting with SeaStar in 1995,

— The potential for new information on glabal
land surface processes, through use of
increased number of spectral bands on future
imaging sensors. Mulu-directional and
polarisational measurements from instruments
on mussions such as the ADEOS and EOS-
AM series will also provide new data for
studies of the Earth surface.

4.3 MEASUREMENT TIMELINES

For each measurement category listed in section
4.1, a brief discussion 1s given below of the
significance of that measurement, together with
an indication of the present and future
measurement capabilities. This description 1s
supported by two timehine diagrams scanning the
period 1995-2010 indhcating the instruments
contributing to that measurement and the
mussions on which they are expected to fly. The
first imehine shows ‘firm/approved’ missions, and
the second mussions which are not yet approved —
rather they are ‘proposed’.

Note that all missions, except those currently
flying, have a degree of uncertainty. The
description of mussions as firmt/approved and
proposed has been used to indicate the current
status as reported by the relevant agencies at the
ume of compilation.

Note also that the instrument timelines for ESA
Future Missions refer to candidate ESA mussions
following on from ENVISAT 1n 2003 and do not

suggest specific plans for nussions or instruments
over that period,

The timelines n this section represent a
qualitative analysss of the provision of data from
Earth observation satellites 1n terms of a number
of key geophysical measurements and the
requirement for those measurements in different
disciplines. Information on instrument
measurement capabilities 15 based on data
supplied by the relevant space agency.
Statements regarding adequacy of

measurements are generally with regard

to global environmental/climate change
programme requirements — as expressed

by the CEOS affihate agencies
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CLOUD TYPE, AMOUNT AND CLOUD TOP TEMPERATURE

Better understanding of the role of clouds in
climate has been identified as one of the highest
priorities for further research since the potential
feedback effect of clouds is a major source of
uncertainty in predictions of greenhouse
warming (see, for example, the assessment of the
Intergovernmental Panel on Climate Change).
The eftects of clouds on radiative processes in the
atmosphere is a key area in climate research
because of the opposing but very large influences
that clouds have on the short wave solar radiation
and the long wave terrestrial radiation: low level
cloud layers are important reflectors of solar
radiation; high level cirrus clouds trap escaping
long wave radiation and lead to atmospheric
warming (the greenhouse effect). Measuring
cloud properties is fundamentally difficult due to
their extreme variability — data are therefore
required with sufficient frequency to sample both
diurnal and synoptic variations.

Cloud types, cloud patterns and their evolution
are also among the best indicators of a wide
range of atmospheric processes and so are used in
Investigations of climate change and for input to
and validation of numerical weather and climate
prediction models. Forecasters, for example, rely
heavily on satellite cloud Imagery in order to
locate and track thunderstorms and other
significant cloud structures in order to provide
warnings to a range of users (aviation, shipping,
and the tourist trade, for example).

Cloud top temperatures, difficult to measure by
traditional observing techniques, are used
indirectly in conjunction with measurements of
cloud thickness to detect precipitation,
information which complements that available
from ground-based weather radars. Enhanced
precipitation information may be used in
hydrology studies, for example to improve
estimates of run-off, to provide improve flood
warnings and for agricultural planning.

At present, measurements of cloud type, amount
and top temperature are provided by the wide
variety of visible, infra-red and microwave
instruments in both geostationary and low Earth
orbits. Reliable classification of cloud type
requires accurately calibrated multi-spectral
imagery. The measurements currently provided
by AVHRR, ATSR and imagery from
geostationary satellites will be greatly enhanced
with the new generation of instruments such as
MODIS, MERIS, EOSP, MISR and POLDER,
some of which also benefit from multi-
directional and polarisation detection capabilities.
Cloud height measurements will also be
enhanced with the near term introduction of
enhanced sounders (AIRS and IASI) and, in the
longer term, when active lidar instruments such
as ATLID become available.



























SOIL MOISTURE

Soil moisture plays a key role i the hydrological
cycle. Evaporation rates, surface run-off,
filtration and percolation to the water table are
all affected by the level of moisture in the soil. It
1s theretore one of the key surface parameters in
agriculture, hydrology and chimatology, and in
order to understand better the role of this
parameter there is an urgent need for
measurements of soil moisture. Such an
understanding would enable models to be
developed to forecast soil moisture and to
simulate run-off. Potential applications include
crop vield predictions including identification of
potential famine areas, irrigation management,
and monitoring of areas subject to erosion and
desertification and initialisation of NWP models.
The development of a large regional database will
also provide a baseline set of values against which
long-term climatic measurements may be
compared.

Direct measurement of soil moisture from space
1s difficult, although some success has been
achieved using radar — despite the complications
of analysing the the signals reflected from the
ground. Passive microwave sensors can also be
used to infer information based upon surface
surface microwave emissions, although the signal
is very small. Reliable (high signal to noise ratio)
data need to be taken over a large area — which
introduces the problem of understanding how to

interpret the satellite signal since it comes from
many different soil types. For both active and
passive sensors, the microwave signal is related to
the soil moisture in the top few centimetres of
soil for practical frequencies (for example, 1.4
GHz), except under very dry conditions.

SAR data currently provide the main source of
information, giving information on near-surface
soil moisture to a depth of 5 cm only in the
absence of dense overlying vegetation. To date,
the use of this information has been limited to
tasks such as distinguishing between irrigated and
non-irrigated fields. Soil moisture is a very active
area of research and information has indirectly
been obtained from other satellite observations,
including visible/infra-red measurements such as
those from AVHRR of land surface temperature
and vegetation condition. Data will also be able
to be derived from passive microwave instruments
such as MIMR and AMSR and there has been
some success in deriving large scale

measurements from wind scatterometer data.

No timeline summary of specific contributing
instruments is offered here. Rather the reader is
referred to sections on land surface temperature
and vegetation measurements and to the sections
on imaging radars and microwave radiometers —
all of which are of relevance
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VEGETATION

Changes in land cover are an important source of
global environmental change and have
implications for ecosystems, biogcochcmical
fluxes and the global climate. Land cover change
affects climate through a range of factors from
albedo (desertification, for example, results in
changes in albedo which itself alter rainfall
distribution) through to emissions of greenhouse
gases from the blll‘llil.lg of biomass. As a result,
quantitative information on the extent and rates
of change in this cover is vital for global climate
research. Used in conjunction with other data,
the construction of a global index of vegetation
would also enable investigation of the effects of
changes in vegetation on hydrology, and of the
causes of variations in land productivity.

The involvement of vegetation in the carbon
cycle is of key importance, and measurements of
vegetation offer a means of monitoring the
uptake of carbon dioxide from the atmosphere
which in turn may contribute to a better
understanding of the part vegetation plays in
modifying the effects of man-made carbon
dioxide. However, for these detailed studies, the
resolution requirements are, in general, only
likely to be met by in-situ measuring techniques.

Another major application of vegetation data is in
agriculture. Satellite EO imagery provides
information which can be used to monitor
quotas and to examine and assess crop
characteristics and planting practice —
information on crop condition, for example, may
also be used for irrigation management. In
addition, data may be used to generate yield
forecasts which in turn may be used to optimise
the planning of storage, transport and processing
facilities. Classification and sedsonal monitoring
of vegetation types on a global basis allow

modelling of primary production — the growth of

vegetation that is the base of the food chain —
which is of great value in monitoring global food
security. Other ‘local’ applications of EQ dat,
include locust plague control — imagery is used
to monitor vegetation growth in areas susceptible
to locust swarms and to thereby identify areas to
be pre-emptively sprayed — and to determine the
possible extent of drought-threatened areas.

There is also significant potential for the use of
EO data in forestry. Deforestation is of
widespread concern to ecologists and its impact
is not yet fully understood. Forest monitoring
using satellite imagery has become an
increasingly important tool for investigating and
controlling the exploitation of forest land,
especially in the tropical rain forest regions where
large areas of trees have been felled. In rain forest
areas which are frequently covered with clouds,
the all-weather day-night capability of SAR has
been particularly useful.

There is a large number of medium-to-high
resolution multi-spectral imagers that may be
used to provide data on vegetation type.
AVHRR, for example, provides routine data that
have been used to derive vegetation indices. In
the future, SEVIRI will offer a similar capability,
and the purpose designed VEGETATION
instrument should offer improved spectral
resolution and hence categorisation capability.
Higher resolution information is obtained from
mapping radars such as SAR, although the global
coverage and temporal resolution offered by
current and planned radar sensors is limited.









MULTI-PURPOSE IMAGERY (LAND)

The measurements listed above, do not alone
provide a suthiciently wide or representative
picture of the possible contributions from Earth
observation satellites 1n relation to observations of
l;md.

The spatial information which can be derived
from satellite 1magery is of value in a wide range
of applications — particularly when combined
with spectral information from multiple bands of
a sensor. Satellite Earth observation is of
particular value where conventional data
collection techniques are difficult, such as in areas
of maccessible terrain, and can provide cost and
time savings in data acquisition — particularly
over large areas.

On the regional and global scales, low resolution
instruments with wide coverage capability — such
as AVHRR, ATSR-2, and imaging sensors on
geostationary satellites, are routinely exploited for
their ability to provide global scale data on land
cover and vegetation. Land cover change
detection 1s an important source of global
environmental change and has profound
implications for ecosystems, biogeochemical
fluxes and climate. Land cover change affects
climate through a range of factors from albedo,
through to emissions both of trace greenhouse
gases such as methane and of particulates to the
atmosphere resulting from biomass burning.
Wide coverage land imagery is of value in many
other areas, such as monitoring and mapping
severe flooding events, forest fire detection in
remote areas, volcano hazard alerting, drought
watch and food security programmes.

On national and local scales, the higher spatial
resolution requirements for information mean
that high resolution imaging sensors, such as on

Spot and Landsat, and imaging radars, such as on
JERS-1 and ERS-1, are most useful. Such
sensors can be (and routinely are) used as
practical sources of information for:

- agriculture: monitoring, prediction, and
management;

- resource exploration and management — for
example in forestry, and in mineral deposits;

- geological surveying: identifying geological
structures and sub-surface geometry (when
combined with geophysical survey data), for
identifying minerals, water and gas and oil
deposits;

- hydrological applications: such as flood
monitoring and environmental impact
assessments for water diversion schemes;

- civil mapping and planning: for cartography,
infrastructure and urban management etc;

- coastal zone management: monitoring erosion
and accretion.

High resolution imagery can also be used for
land cover classification and change detection on
the local/national level.

An increasing number of missions providing
multi-purpose land imagery (such as those of the
USA, France, Japan, India, China and Brazil) are
in operation or are planned for the next decade.
Broader swath instruments designed for global
coverage (such as AVHRR) will be
complemented by higher resolution sensors such
as MODIS and MERIS. In general, future
sensors will benefit from a greater number of
sampling channels; however, many of these
instruments will be restricted to daylight only or
clear sky operations and the all-weather, day-
night capability of high resolution SARs will
continue to be important. Also, multi-temporal
techniques are being developed to better exploit
the different future sensors, for example for
better discrimination.
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SURFACE TEMPERATURE (SEA)

Measurements of sea surface temperature (SST)
are the key to understanding a variety of '
phenomena. Through heat exchanges at the air-
sea interface, SST is a major factor in the
processes underlying the surface energy balance.
It is also central to the circulation of the
atmosphere and oceans, and hence piays a
fundamental role in regulating weather and
climate. Departures from mean SSTs are key
indicators of environmental change, both those
transient in nature such as the El Niiio, and those
of a longer term such as rising sea levels and
desertification. A major research goal is the
development of an increased understanding of
the links between SST and all the above
processes. This will only be achieved through a
more precise and comprehensive set of SST
measurements. Satellite remote sensing provides
the only practical means of developing such a
dataset — in-situ data are extremely limited in
coverage and are predominately confined to
shipping lanes whereas satellites offer the
potential for surveying the complete ocean
surface in just a few days. Nevertheless, in-situ
data still have a key role to play in calibrating
satellite data and in providing data needed for the
conversion from skin temperatures (as measured
by satellite) to bulk temperatures (as measured by
conventional means).

EQ data have also been used to monitor a variety
of phenomena such as river outflow and the
intrusion of the Gulf Stream water into coastal
regions. In conjunction with ocean colour
measurements, measurements of SST can be used

to give improved estimates of ocean biologic,]
productivity and to monitor global
phytoplankton distributions, which may
themselves be used to guide fishing fleets ¢,
productive fishing grounds and to support
geographic separation of coastal commerciy|
fishing operations from the nesting and Migratory
pathways of protected species.

Other applications of SST measurements inclyde
the study of a variety of mesoscale ocean featyres
such as eddies and fronts, an understanding of
which is vital to creating local ocean models,

A range of instruments with a thermal band
capability may be used for SST measurement,
although many of these have poor spectral and
spatial resolution. Visible/infra-red imagers such
as AVHRR and ATSR currently provide the
main source of SST data, with ATSR providing
the better accuracy, but AVHRR greater
coverage (due to its larger swath width). In the
future, spatial and spectral resolution will be
improved with instruments such as OCTS and
MODIS. Microwave sensors provide useful
(although less accurate) data during cloudy
conditions; MIMR in particular will ensure that
future coverage and temporal requirements are
met, although it will not be sufficiently accurate
for climate change studies. Visible/infra-red
imagers on geostationary platforms can also
provide ‘clear-sky’ data with very high temporal
resolution but relatively low spatial resolution.
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SEA ICE COVE

prov ide

Satellite Earth observation can
'.Illd, to a

cover, ice edge
at would not be
d through

information on ice
Jesser extent, ice thickness th
ally or economically achieve
al airborne surveys or in-situ

ar real-time delivery of data
of ice

practic
convention
measurements. Ne
tracking the contmually changing nature
ficld conditions provides operational sea ice
charts for use by shipping to avoid damage, delay
fuel costs; by off-shore drilling

and to reduce
msurance comp;mics;

companies; by maritime
and by government environmental regulatory
bodies. The ability to map sea ice distribution
and to identify ice-type in all weather conditions
is of particular value to countries that have large
ice-infiltrated areas enveloped in darkness for

long periods.

Information on the position, extent and thickness
of ice cover is also of interest for monitoring of
changes in the polar caps which have a strong
relationship with the global climate, both
through their high albedo and elevated
topography, and also through their potential to
change significantly global sea levels through mass
f’.xchange with the oceans. Sea ice data are
important climatologically due to, amongst other
things, the effect sea ice has on ocean-air fluxes
and its potential to alter the local salinity and
he_nce dynamics of the ocean. In addition, sea ice
thickness may be a sensitive indicator of p’ossible
climate change.

R, EDGE AND THICKNESS

Ice cover and type may be determined yg;
visible/infra-red sensors which are curre -
available (AVHRR, ATSR). In the ﬁl'mrntl
microwave imagery from multi spectra] €,
radiometers such as MIMR and AMSR_
enable all weather operation coupled Wit\:lll
coverage. Radar altimeters provide some good
information on ice thickness, but more ¢
measurements will require laser profilers “f::ate
such z

GLAS.

Synthetic aperture radars such as RADARS A
AMI on the ERS series, and SAR on JERS ;f
are a key source of data, and again have the )
important advantage of all-weather day/nigh;
operation. Data from these instruments provid
information on the nature, extent and drift of e
cover and is used not only for status reports b1ce
also for ice forecasting and as an input for o
meteorological and ice drift models.
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4.4 COORDINATION IN
DATA PROVISION

Sections 3 and 4 above have discussed a
multiplicity of instrument types which are
l‘nrrcnt]'\: m orbit or are pl.mncd for E(ll‘th
observation satellite missions over the next 15
years. The timeline
case of some measurements
missions planned worldwide will operate

concurrently to supply data. This does not

here is a high degree of inefliciency

diagrams indicate that, in the
. a number of

suggest that t
or overlap in the data provision planned among

the CEOS agencies for these measurements.
Rather, the different missions are planned to
evaluate different techniques, and to satisfy
various requirements on regional, national and
global scales with very different needs for
sampling, spatial resolution, and accuracy.

High levels of investment in Earth obseryye:
satellites are planned internationally ()‘vcr\’::()n
coming decade and CEOS will continge ¢ e

a key role in coordinating these inwstmcno p,]aY
order to ensure full realisation of the bcnc:-g, n
this truly international activity, Where mn'“ of
redundancy or gaps in mission planniné ;1]-]0
identified, CEOS agencies will continue t:
develop the process of information exchan
analysis of mission plans against user re(luirie’ and
— achieving the coordination which is eggen:‘ints
efficiently meet the needs of the full range Qfa EO
users, and to guarantee comprehensive
information on the Earth System, for both
present and future generations.









fmages of the surface or cloud top. The GOME
mages . : .
nstrument on ERS-2 provides atmospheric

chemistry measurements.

Geostationary meteorological satellites: There is a
world-wide network of operational geostationary
meteorological satellites which provides visible
and infra-red images of the Earth’s surface and
atmosphere. Countries/regions with current
ceostationary operational meteorological satellites
are the USA (GOES series), Europe
(METEOSAT series), Japan (GMS series,
including the recently launched GMS-5), India
(INSAT series) and Russia (GOMS).

IRS series: The Indian IRS satellites provide high
resolution imagery in a range of visible and infra-
red bands. Their primary objectives are national
mappings of various resources.

JERS-1: The aim of JERS-1 is to observe the
Earth using optical sensors and a high resolution
synthetic aperture radar. Land surveys and
monitoring of various resources are the main
application areas of this satellite.

LAGEOS I and 1I: These missions are designed
to measure the Earth’s crustal motion and the
Earth’s gravitational field. The space segment
comprises corner cube laser retroreflectors and
the ground segment is a global network of
transportable laser sites. The design life of the
space segment is 10000 years.

Landsat and SPOT: The US operated Landsat and
French operated SPOT satellites provide high
resolution imagery in a range of visible and infra-
red bands. They are used extensively for high
resolution land studies.

METEOR series: The Russians maintain two or
three satellites in orbit at any time (such as the
recently launched METEOR -3 N7), mainly for
operational meteorological purposes. Other
applications include experimental measurement
of ozone and Farth radiation budget. This series

has now been supplemented by the GOMS
meteorological mission.

MOS 1b: The main purpose of this Japanese
satellite is to establish the fundamental
technologies for Earth observation and to carry
out practical observations of the Earth, primarily
of the ocean. Its sensors operate in the visible,

near infra-red, thermal infra-red and microwave
bands.

NOAA polar orbiters: The current series of
operational polar orbiting meteorological
satellites is provided by NOAA and now includes
NOAA 14. Two satellites are maintained in polar
orbit at any one time, one in a “morning” orbit
and one in an “afternoon” orbit. The series
provides a wide range of data of interest,
including sea surface temperature, cloud cover,
data for land studies, temperature and humidity
profiles and ozone concentrations.

Okean series: Russia maintains a continuous series
of measurements of oceanographic and
hydrometeorological parameters with, in general,
one or two satellite launches per year.

Resource series: Russia maintains a series of
Resource satellites such as the recently launched
Resource-01 N3 for land applications including
crop and soil monitoring, assessment of
hydrological conditions, monitoring of forest and
tundra firs and pollution monitoring.

SCD-1: This Brazilian satellite receives
environmental data gathered on the ground and
transmits it to other locations.

TOPEX/POSEIDON: This is a joint
NASA/CNES precision radar altimetry mission
to measure ocean topography and hence speed
and direction of ocean currents.

UARS: Launched in September 1991 by NASA,
this provides a comprehensive platform for the
study of middle atmosphere chemistry and
physics.
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¢ CEOS membership

This annex lists, alphabetically, the organisations that comprise CEOS.

CEOS MEMBERS

Australia Commonwealth Scienufic and Industrial Research Organisation (CSIRO)

Branl Instituto Nacional de Pesquisas Espaciais (INPE)
Canada Canadian Space Agency (CSA)
China

Chinese Academy of Space Technology (CAST)
National Remote Sensing Center of China (NRSCC)
Furope European Commission (EC)

European Organisation for the Exploitation of

Meteorological Satellites (EUMETSAT)
European Space Agency (ESA)

France Centre Natonal d’Etudes Spauales (CNES)

Germany Deutsche Agentur fur Raumfahri-Angelegenheiten (DARA)

India Indian Space Research Organisation (ISRO)

Traly Agenzia Spaziale Italiana (ASI)

Japan Saence and Technology Agency (STA)
(National Space Development Agency (NASDA))

Russia Russtan Federal Service for Hydrometeorology and
Environment Momtoring (ROSHYDROMET)
Russian Space Agency (RSA)

Sweden Swedish Nanonal Space Board (SNSB)

Ukraine National Space Agency of Ukraine (NSAU)

United Kingdom Briush National Space Centre (BNSC)

Unmited States Natonal Aeronautics and Space Administration (NASA)

National Oceanic and Atmospheric Administration (NOAA)

CEOS OBSERVERS

Belgium Federal Office for Scientific, Technical and Cultural Affairs (OSTC)
Canada Canada Centre for Remote Sensing (CCRS)

New Zealand Crown Research Insttute (CI.U)

Norway Norweglan Space Centre (NSC)

CEOS AFFILIATES

Food and Agriculture Organization (FAO)

Global Climate Observing System (GEOS)

Global Ocean Observing System (GOOS)

International Council of Scienufic Unions (ICSUEBP)
International Gcosplncrt‘~31°5}’1‘¢fc Programme (l[oC)
Intergovernmental Oceanographic Commission ([’

United Nations Environment Programme (UNE )OOSA)
United Nations Office of Quter Space Aﬁner)(lJN

World Climate Research Programme (WCRP)

World Meteorological Organisation (WMO)



p CEOS affiliates:

Environmental programmes & agencies

D1 INTRODUCTION

This section gives a brief background description
of the CEOS aftihate agencies, together with
examples of their environmental programmes.
The list of programmes is not exhaustive and will
continue to evolve as new programmes are
defined. The following agencies are considered:

— Food and Agriculture Organisation of the
United Nations (FAQO);

~ Global Climate Observing System (GCOS)

— Global Ocean Observing System (GOOS);

— International Council of Scientific Unions

(ICSUY;

- International Geosphere Biosphere
Programme (IGBP);

- Intergovernmental Oceanographic
Commission (IOC);

United Nations Environment Programme
(UNEP);

= United Nations Office of Quter Space
Affairs (UNOOSA);

— World Climate Research Programme
(WCRP);

— World Meteorological Organization (WMO).

D.2 FOOD AND AGRICULTURE
ORGANISATION OF THE UNITED
NATIONS (FAO)

The Food and Agriculture Organisation of the
United Nations is the lead Specialised Agency
within the UN family in the fields of renewable
natural resources, nutrition, food and agriculture,
including fisheries and forestry. Functions include
the collection, analysis and dissemination of
information, the promotion of research and
education, and the provision of technical

assistance to its member countries.

Satellite remote sensing is used in many of the
activities of the FAO, Data from land-resources
satellites, for example, is used in the assessment

and monitoring of tropical forest cover, and as
part of the FAO's Global Information and Early

Warning System on Food and Agriculture, the

FAO Africa Realtime Environmental Monitoring

System (ARTEMIS) uses data from METEOSAT
and NOAA to monitor growing conditions and
vegetation development over Africa. Additional
pilot projects are expected to test the suitability
of remotely sensed data for new applications.

FAO provides advisory services to member
countries on applications of remote sensing
techniques, including the execution of pilot
projects; assistance in the formulation of projects
that include a remote sensing component; and
technical support to FAO executed field projects,
including services for the browsing, selection and
ordering of satellite imagery. Examples include
the new Africover project to map landcover over
the whole of Africa and various activities in the
mapping and monitoring of illicit crop
cultivation. Furthermore, FAO organises, or
participates in, remote sensing education and
training activities and produces materials and
workshops for decision makers. Coordination of
remote sensing applications within FAO is done
by its Environmental Information Management
Service (formerly the FAO Remote Sensing
centre).

D.3 GLOBAL CLIMATE OBSERVING
SYSTEM (GCOS)

The Global Climate Observing System (GCOS)
was established in 1990 by the WMO, the
Intergovernmental Oceanographic Commission
(IOC) of UNESCO, the United Nations
Environmental Programme (UNEP) and the
International Council of Scientific Unions
(ICSU) in order to address the problems of
climate change by providing comprehensive
information on the total climate system. Its
specific objectives are to meet the needs for:

— climate system monitoring, climate change
detection, and response monitoring ot the

impacts of, and the response to, climate
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change. espectally in terrestrial ecosysiens,

— data for apphicanon to natonal economic
development.

— research towards mmproved understanding.
modelling and prediction of the cimate
system

The GCOS Plan, developed in 1994 m close
cooperation with the Global Ocean Observing
System (GOOS) and the Global Terrestrial
Observing System (GTOS). defines an Imnal
Operanional System which wall be composed of
castng observanonal components, enhancements
and augmentations to these components, and a
comprehensive data system. The observavonal
requirements and design objectives of GCOS are
currently bemng defined by the Joint Scienufic
and Technical Commuttee (JSTC). In addimon,
the GCOS Space Plan 1 being co-ordmated wath
both research and operanonal satellite
programmes Key tssues tor the GCOS include a
tequirement for high quality and representanve
data, Jong-term contnmty of observations
(slthough some parameters need not be
convnuously observed), and ready access to a
database that appropriately combines space-based
and surface based mtormation

In the near-term, the planming for GCOS will
conunue 10 focus on the current capabibinies for
observauon, i hght of the requirements that are
being developed for chmate, and. s an Affihate
of CEOS, the GCOS will make
recommendations and suggest s priontes to
CEOS for speaitic satellyse

MISNIONS, Instruments
and ground-based systems as Ippropriate

D4 GLOBAL OCEAN OBSERY
SYSTEM (GOOS) NG

At the Sexteenth Session of 1 Assembly 1
March 1991 the Intergovernmengal
Oceanographuc Commussion (10C) confirmed
plan to pursue, as 2 prionity, the development ,t’“
1 Global Ocean Observing System (GOOS) 4 ;
Cooperation with the World Meteorological "

Organization (WMQO), United Nanons
Emvironment Programme (UNEP) and the
International Council of Scientific Unnone

(ICSU)

GOON 1s concerved as a global frumework for
systemanc ocean observations to mieet the need
for forecasting chmate variability and change, for
assessing the health or state of the marine
environment and 1ts resources, ncludmg the
coastal zone, and for supporting an improved
deasion-making and management process - one
which takes mto account potennal naroral and
man-made changes i the environment and their
effects on human health and resources. Speatic
GOOS modules deal wath

- monitoring and assessment of marine Inang
resources;

-~ montoring of the coastal zone eryvironment
and s changes,

= assessment and predicuon of the health
of the ocean, and

- marine meteorological and oceanographic
services

The chimate momtoring, assessment, and
predicion module of GOOS forms the ocean
component of the GCOS

GOOS will utilise operational observing methods
including both remote sensing and n-sity
measurements. The major elements of the systemd
mclude oceanographic observanons and analyses.
umely distribution of data and products, data
assimilation into numerical models leading
predictions, and capaaity bulding withmn
Paricipanng Member States. especially in
developing countries, 1o develop analysis and
applicanon capabihty



D5 INTERNATIONAL COUNCIL OF
SCIENTIFIC UNIONS (ICSU)

The International Council of Scientific Unions
was created In 1931 to promote international
scientific activity in the different branches of
science and their applications for the benefit of
humanity. Members include scientific
academics/research councils and Scientific

Unions and the complement of these two groups
provides a wide spectrum of scientific expertise
enabling members to address major international

interdisciplinary issues which none of them could
handle alone.

The Council seeks to accomplish its role in a
number of ways:

— by initiating, designing and coordinating
major international, interdisciplinary research
programmes, such as the International
Geosphere-Biosphere Programme (IGBP);

— by creating interdisciplinary bodies which
undertake activities and research programmes
of interest to several member bodies; examples
include Antarctic, oceanic, space and water
research and problems of the environment.

In addition to these programmes and activities
which seek to break the barriers of specialisation,
several bodies set up within ICSU address matters
of common concern to all scientists, such as
capacity building in science, data, science and
technology in developing countries, ethics and
freedom in the conduct of science.

The Council also acts as a focus for the exchange
of ideas, the communication of scientific
information and the development of scientific
standards by organising conferences, cOngresses
and symposia and publishing a wide range of
newsletters, handbooks and journals. ICSU also
assists in the creation of networks of scientists
with similar interests and maintains close working
relations with a number of intergovernmental
and non-governmental organisations. Because
ICSU 5 in contact, through its membership,

with hundreds of thousands of scientists world-

wide, it is being increasingly called upon to act as
the spokesman for the world scientific
community and as an advisor in matters ranging
from ethics to the environment.

D.6 INTERNATIONAL GEOSPHERE
BIOSPHERE PROGRAMME (IGBP)

In 1986, ICSU decided to launch the
International Geosphere-Biosphere Programme, a
study of global change. The objective of IGBP is
to describe and understand the interactive
physical, chemical and biological processes that
regulate the total Earth System, the changes that
are occurring in this system, and the manner in
which they are influenced by human activities.

IGBP is an evolving programme that selects from
the broad array of subjects that comprise the
science of the Earth System those questions that
are deemed to be of greatest importance in
contributing to the understanding of the
changing nature of the global environment on
time scales of decades to centuries; that most
affect the biosphere; that are most susceptible to
human perturbations; and that will most likely
lead to a practical, predictive capability.

The initial operational phase of the programme
focuses on projects aimed at investigating seven
such key questions, including ‘how does global
change affect global ecosystems?’ (being addressed
by the Global Change and Terrestrial Ecosystems,
GCTE, project), ‘how can our knowledge of
components of the Earth system be integrated
and synthesised in a numerical framework that
provides predictive capacity?” (being addressed by
the Global Analysis, Interpretation and
Modelling (GAIM) task force).

As the research becomes formulated, attention
will be focused on specific needs for global
monitoring, including observation from space.
Long term (of order decades) satellice data wall be

H (v el AT -1 1 Y ) .
required for three overriding reasons

— to document precisely global scale changes in
key variables in order to assess the way the
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planet as a whole 1s evolving with time;

— to measure the long term trends in the forcing

functions of global change;

— to simultancously measure several parameters
to study interactive processes which regulate

the Earth System.

D.7 INTERGOVERNMENTAL
OCEANOGRAPHIC COMMISSION (10C)

The 10C coordinates and disseminates
information and data on the state of the world’s
oceans. This is achieved through a number of
research and support services organised in
conjunction with member states and other
international agencies. For example, [OC
(together with WMO) supports and develops
IGOSS (the Integrated Ocean Services Station
System) and 10C has developed and established
GLOSS (the Global Sea Level Observing
System). It is also co-sponsoring WCREP.

Together with the WMO, ICSU and UNEP. the
I0C 15 also participating in the programme to
establish GCOS. As a major contribution to that
programme, the IOC is embarking on the
development of GOOS, a complex system for
collecting, analysing and distributing physical,
chemical and biological data from the oceans.
The climate related aspects of the GOOS system
will be developed joindy with WMO, Coastal
monitoring components will be developed with
UNEP and WMO.

The IOC-UNEP programme on Global

Invesugations of Pollution in the Marine

Environment (GIPME) concentrates op studies of

pollution distribution and Impacts particularly in

the coastal zones, It also considers the mputs of

pollutants to coastal zones and open ocean aregs

( 2 R '
APME and other 10OC Programmes may be

expected to have an i reasing mtere

st 1 satellite
data, partic ularly

measurements of gcean
Parameters such as sea surface

temperature @
Siiiine I , Ocean

11 £ ©
s, wind stress and biological Properties

D.8 UNITED NATIONS
ENVIRONMENT PROGRAMME (UNEP)

Satellite data are used for many activities of
UNEP, notably by the Global Environment
Monitoring System (GEMS) and the Global
Resource Information Database (GRID). GEMS
is a programme to acquire the data needed for
the management of the environment at global,
regional and local levels. It includes monitoring
programmes in the fields of atmosphere and
climate (background air pollution, acid rain,
stratospheric ozone, climate), environmental
pollution (urban air, surface waters, food, nuclear
radiation) and renewable resources (tropical
forests, land degradation, oceans, ecological
monitoring, biological diversity). Although for
some specific issues regional data may be used,
the global aspect is predominant for many
activities. GEMS’ specific Earth observation data
requirements are: (i) global coverage, (ii)
temporal dynamics of data, (iii) manageable data
volumes, (iv) simple and reliable sensors, and (v)
reasonable costs of data.

GRID is a world-wide system and service to
users of Earth environmental data. Through its
many collaborating centres, GRID provides
access to existing broad scale, public domain
Earth observation data and other existing geo-
referenced environmental data which can be
linked with remote sensing data. In addition, the
GRID system provides support of geographical
information and image processing systems for
users from the international science and
development communities and brokers training

through appropriate international and regional
bodies.

Other UNEP activities such as the
Desertification Control Programme Activity
Centre (DC/PAC), Oceans and Coastal Aress
Programme Activity Centre (OCA/PAC),
Terrestrial Ecosystems Branch (TEB), and
Support Measures (SM) also use satellite Earth
nts of thexe

!

observation data. The data requirene
Ap L ey . 11l
activities depend on the specific environmetit



pmblcms addressed and on existing and/or new
internanonal conventions, which need to be
contolled or enforced through Earth
observations by satellites

D.9 UNITED NATIONS OFFICE FOR
OUTER SPACE AFFAIRS (UNOOSA) -
SPACE APPLICATIONS PROGRAMME
(SAP)

The United Nanons Programme on Space
Apphcations (SAP), Office for Outer Space
Affairs (OOSA). 15 a focal pomnt of the
Orgamsation’s efforts to enhance the ability of all
countries to utilise space technology for nanonal
development. The Programme focuses on
promotion of greater cooperation In space
saence and technology, greater exchange of data,
mformavon and staff, and the samulation of
factliies for space technology 1n developing
countries

SAP conducts truning courses, workshops and
seninars on a wide range Ufsp.lcc and remote
sensing topics. As follow-up activities to these,
OOSA has been implementing several projects
aimed at an improved unhsaton of Earth
observation data by developing countries. For
example, 1n collaboration with ESA a number of
projects have been established providing data to
nstitunions in Africa, Laon America and the

Canbbean with the aim of improving the

capability of these institutions to effectively utihse

Earth observanon data m support of on-gomg or
already approved projects and programmes in
areds of capacity building, economic and social
improvement or where governments have made
commitments for sustamable development or
Preservation of the environment

A current prionty of the Programme 18 the
estabhishment of regional Centres tor Space
Science and Technology Education at exisung

red
msttutions 1n each region covered by the Um

Natons Economic Commussions. The
n
Programme 1s also playing a leading role
¥ system,
Stblishing a satelhte-based informauon sy

the Cooperative Informauon Network
(COPINE), that will Link remote sensing and
environment centres in the participaung African
COURLTIEs to acquisiuon stations, processing and
archiving facibines located 1n Europe as well as in
Africa wath the miual aim of umproving the
collection, transmussion distribution and
exchange of informaton

An International Space Information Service s to
be established within OOSA, wminally consisting
of a directory of sources of mformation and data
services, to provide direction upon request to
accessible data banks and information sources

D.10 WORLD CLIMATE RESEARCH
PROGRAMME (WCRP)

The WCRP was established in 1979 as a joint
undertaking of the ICSU and WMO to
determine to what extent chmate can be
predicted and the extent of mans influence on
chmate. 10C 15 also a co-sponsor of the WCRP
since 1993 To achieve 1ts goals, the WCRP
requires a quantntative understanding of the four
major components of the physic al chimate svstem,

namely

the global atmosphere,
— the world oceans;

~ the cryosphere, which comprises the
contnental 1ce sheets, ice caps, glaciers, sea 1ce

and snow cover,

_ the land surface with s surface and ground

water flow systems

Three major projects have been msututed to

mvestigate chimate change processes

— The Tropical Ocean and Global Atumosphere
(TOGA) project to study the mteracuons
between the tropical ocean and global ~
atmosphere w hich are the principal mode of

climatic variation from year to year

The World Ocean Circulanon Experiment
(WOCE) to assemble, for the first ame, almost



simultancous observations of all oceans, as a
basis for the development of mathematical
models of global ocean circulation and heat

transport.

— The Global Energy and Water Cycle
Experiment (GEWEX) to determine the
fluxes of water and energy globally using both
observations and computational models.

Planned projects include the Climate Variability
and Prediction Research Programme (CLIVAR)
aimed at improving the understanding of the
coupled dynamics of the global ocean-
atmosphere system, and the Arctic Climate
System Study (ACSYS) which includes a basin-
wide study of the Arctic ocean and a basic
monitoring programme for the Greenland ice
sheer.

D.11 WORLD METEOROLOGICAL
ORGANIZATION (WMO)

Draft WMO satellite data requirements were
presented at the April 1992 CEQOS meeting in
London, based on the report of the tenth session
of the WMO Executive Council Panel of
Experts on Satellites (ECSAT) which met in
March 1992. Since 1992, a user dialogue has
been established such that the requirements have
been further refined by the Panel of Experts and
presented to the WMO Executive Council a
part of the Panel’s final report in March 1993,
The Forty Fifth WMO Executive Council was of
the opinion that the *Final Report from the EC
Panel of Experts on Satellites” recorded
important milestones and achievements in the

history of the panel. It suggested that the new

CBS Working Group on Satellites continue to

update the report and jts various sections as

appropriate and when required. ¢ noted that the
statements of satellite dara requirements

principles and definitions were a most l;scﬁll
synthesis and would be very useful to WMO
programmes and planning as wel) as to space
agencies,

Lists of parameters to be observed and quality of
observations have been compiled by many
WMO Technical Commissions and many
committees in charge of international
programmes. These lists can be found in the
documentation provided to ECSAT and
discussed in a number of session reports. Whilst
making reference to the original list for details,
ECSAT made an attempt to consolidate a “short
list” which, for the purpose of being handed to
satellite planners (for instance, those space
agencies represented at CEOS), might be much
more useful than the voluminous original
information, which does not clearly discriminate
what should be expected from satellites versus
what is more appropriate for ground-based global
observing system.

The requirements as determined by ECSAT were
expressed in terms of geophysical parameters,
which were what the end user needed. Data
quality must be specified at the same time as data
requirement, in order to prevent
misunderstandings on feasibility assessment (a
data requirement cannot be considered fulfilled if
the quality is insufficient for the data to have a
real impact on the application). Data quality was
specified in terms of horizontal resolution,
vertical resolution (if applicable), frequency of the
observation, and accuracy. As quality
requirements are different for the different scales
of application, two figures were generally quoted,
for global scale and limited areas respectively.

The WMO Commission for Basic Systems
Working Group on Satellites (CBS WGSAT) met
in March 1994 and reviewed the list of WMO
satellite data requirements prepared by ECSAT.
The objectives of the CBS WGSAT, with regard
to the satellite data requirements, were: to build
upon the work of the EC Panel of Experts on
Satellites (ECSAT) in collecting, collating,
keeping under review, interpreting and
Promoting to potential providers and their agen®™
statements of the satellite data, products and
services required by WMO Members; 1o TeassuIe
the user community that their needs are being



perly interpreted and promoted; to assist
operly ‘ ko oaa s

i{ Joping countries o identify opportunities to
Jeve <

ke use of satellite data, products and services,
md :

The Working Group agll'ccd to accomplish these
iectives: through publications and statements
“T‘“mq for potential data, product and service
providers: in the context of WMO's general
requirements for space and ground based
observations, by providing draft material suitable
for use in maintaining and updating the Guide
and Manual on the GOS; and by some form of
data base of requirements that retains their

heritage, so that the ownership and responsibility
for continued verification are clear.

The Working Group also agreed that it will:
prepare critical review of WMO requirements
for satellite data, products and allied services, and
of the capabilities to meet them; conduct the
critical review by pursuing a “pathfinder”
appmach, i.e., by revising requirements for data
and adding requirements for products and allied
services for a few, representative applications
before applying the approach to capture all
relevant WMO requirements; and accordingly
characterise the sources of requirements for
operational meteorology and climate research.
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E Abbreviations

This annex provides a list of the abbreviations
used 1 the text with the excepuon of satelhite
mission and nstrument names The reader s
referred to annexes A and B respecuvely for

these.

ACSYS
AQOSIS
ARTEMIS

ASI

BAHC

BNSC
BRDF

CAST

CCRS
CEOS

CFC
CLIVAR

CNLS

CILJ

CSA

CSIRG

DARA

DIAL
DMSp

Arctic Chmate System Study
Alliance of Small Island States

Africa Real Time Environmental
Monittoring using Imaging Satelhtes

Agenzia Spazuale Itahana (Itahan
Space Agency)

Biospheric Aspects of the
Hydrological Cycle

British Nanonal Space Centre

Bhi-directional Reflectance
Distribution Funcuons

Chinese Academy of Space
Technology

Canada Cenrre for Remote Sensing

Commuttee on Farth Observation
Satellites

Chlorofluorocarbon

Chmate Vanability and Prediction
Research Programme

Centre Nanonal d'Frudes Spatiales
(French Space Agency)

Crown Rescarch Institute (New
Zealand)

Canadian Space Agency

Commonwealth Scientific and
Industrial Research Orgamisation

Deunche Agentar fur Raumfahre-
Angelegenhenten (German Space
Agency)

Ditferential Absorprion Lidar

Defense Meteorslogical Sarellire
Programme

EC European Community

FCSAT Exccutive Council Panel of Experts
on Satellites

FO Earth Observauon

ESA European Space Agency

EUMETSAT European Organmisaton for the

Exploitation of Metcorological
Satellites

FAO Food and Agriculture Organisation

GAIM Global Analysis, Interpretation and
Modelling

GCOS Global Chimate Observing System

GCTE Global Change and Terrestrial
Ecosystemns

GEWEX  Global Energy and Water Cycle
Experiment

GIPME Global Investigations of Pollution 1n
the Marine Environment

GOEZS  Global Ocean Euphotic Zone Study

GOOS Global Ocean Observing System

GPrPCp Global Precipitation Chmatology
Project

GPS Global Postuoning System

GTOS Global Terrestrial Observing System

ICSU Internauonal Council of Sciennfic
Unions

IDN International Directory Network

[EOSC International Earth Observation
Satellite Commttee

IGAC International Global Atmosphere
Chemustry Project

1GBP International Geosphere-Biosphere
Programme

IGOSS Integrated Ocean Services Staton
System

INPE

Instituto Nacional de Pesquisas
Espacias (Brazilan Space Agency)



10C Intergovernmental Oceanographic

g ROSHYDROMET  Russian Federal Service
OINMLRIOT for Hydrometeorology
R Infra-Red and Environment
ISCCP International Satellite Cloud Monitoring
Climatology Project RSA Russian Space Agency
ISRO Indian Space Research Organisation
SAR Synthetic Aperture Radar
JGOFS Joint G].Oba] Ocean FIUX Study SM Support Measures
ISTC Joint Scientific and Technical SNSB Swedish National Space Board
Comumittee

SPARC Stratospheric Processes and their

Role in Climate
LOICZ Land-Ocean Interactions in the

Coastal Zone SST Sea Surface Temperature
STA Science and Technology Agency
(Japan)
Mw Microwave

SWIR Short Wave Infra-Red

NASA National Aeronautics and Space

Administration TBC To be confirmed

NASDA  National Space Development TEB Terrestrial Ecosystems Branch
Agency (Japan) TIR Thermal Infra-Red

NIR Near Infra-Red

NOAA National Oceanic and Atmospheric

2 ; UNCED  United Nations Conference on
Administration

Environment and Development
NRSCC  National Remote Sensing Center of

Chi UNEP United Nations Environment
. Programme
NS i Ukraine B
" Pasioral Spaee ARy i Eion UNOOSA UN Office of Outer Space Affairs
NSC 1 t
Norwegian Space Centre | OV I
Nwp Numerical Weather Prediction

WCRP World Climate Research

OCA Oceans and Coastal Areas Programme

OsTC Federal Office for Scientific,

s e )
irs WGCV Working Group on Calibration anc
Technical and Cultural Affairs

i Validation
(Belgium)
wWGD Working Group on Data
PAC Programme Activity Centre WGSAT  Working Group on Satellites
PAGES Past Global Changes WMO World Meteorological Organization
Lo ast Global Change

WOCE World Ocean Circulation
Experiment

RAL Rutherford Appleton Laboratory



f Points of contact

Further information on CEOS activities can be
obtained from the CEOS Secretariat:

CEOS Secretariat

NASA/NOAA

300 E Street, SW

Washington, DC 20546

USA

(+1) 202 358 0793 (voice)

(+1) 202 358 2798 (fax)

ISHAFFER (@ CODE L.HQ.NASA.GOV

CEOS Secretariat

ESA

8-10, rue Mario-Nikis

75738 Paris Cedex 15

France

(+33) 153 69 71 31 (voice)

(+33) 153 69 75 60 (fax)

HHOPKINS% ESA.BITNET @ VM.GMD.DE

CEOS Secretariat
STA/NASDA

2-2-1, Kasumigaseki
Chiyoda-ku, Tokyo 100

Japan

(+81) 3 3581 0603 (voice)
(+81) 3 3501 3683 (fax)

CEOS] (@) IPX.TKSC.NASDA.GO.JP

A considerable amount of information is also

available on-line via the CEOS Infosys (see
sectfion 2). The Infosys also provides a gateway to
various on-line resources provided by CEOS
agencies worldwide — including extensive
information on data products, image samples,
catalogues, and other services to help users
understand the capabilities of Earth observation

satellites and how they might fulfil their data and
information needs.

The CEOS Infosys is available on the World
Wide Web at:

http://ceos.esrin.esa.it/Cceosinfo

Information on specific Earth science data set
holdings, including many satellite-related
observations can be obtained from the CEOS
International Directory Network (IDN — see
section 2). There are many means of access to
the IDN, but initial point of contact might be
through one of the regional coordinating nodes
at:

NASA
World Wide Web:
http://gemd.gsfc.nasa.gov

Telnet:
telnet gemd.gsfc.nasa.gov (192.107.190.77)
Username: GCDIR

ESA
World Wide Web:
http://gds.esrin.esa.it/CEURO_IDN_HP

Telnet: )
telnet epocat.esrin.esa.it (192.106.252.160)

Username: ESAPID

NASDA

Telnet: - o
telnet nsaeoc.eoc.nasda.go)p (133.56.72.1)

Username: NASDADIR











