The STREAM Project
MISSION STATEMENT
To assess the capability of space technology to enhance
water resource management.

This document summarizes the work performed by the STREAM team
during the 2004 International Space University (ISU), Summer Session
Program (SSP) in Adelaide, Australia. This study examines the benefits of
using space-based remote sensing technologies for freshwater resource
management. The Murray-Darling Basin (MDB) provides the central
research focus of the project. This report reveals that the resolution of the
growing freshwater resource problems require a multidisciplinary approach
covering management, legal structures, advanced technologies as well as
public outreach. It identifies and discusses several key recommendations.
The ISU is a multidisciplinary institution with the goal to develop
integrated solutions that consider various aspects of large, space related,
multi-faceted problems. It is the hope of the STREAM project team that
these findings will help influence the development of an Australian remote
sensing infrastructure and an outreach program, which will assist in
resolving the impending global water crisis.
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Overview

Why we care...

A Precious Resource
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Fresh water is one of the most valuable resources on Earth. Every facet of our lives
depends on an adequate supply of it, ranging from drinking to irrigating crops and
manufacturing commercial goods to preserving the health of our wetlands. To manage
and maintain an equitable distribution of fresh water for all parties concerned, it is
necessary to understand the flow of water through the environment and the impacts
when the movement is altered or, in some cases, cut off by human development.
“The human right to water entitles everyone to sufficient,
safe, acceptable, physically accessible and affordable
water for personal and domestic uses.”
- United Nations, The Right to Water, 26 November 2002

The Global Water System
The global water system (GWS) involves three distinct water-related components
interacting with and influencing each other. The physical component of the GWS is the
global water cycle (GWC), which shapes weather patterns and re-supplies the planet’s
freshwater resources. The human component is composed of water usage and waterrelated projects and their impacts on the environment and communities. Finally, the
biological component encompasses Earth’s complete ecosystems and biodiversity.
Changes to one component ultimately tilt the balance of the whole GWS.

The Global Water Shortage
Although over three quarters of the planet is covered with water, less than 1% is in the
form of readily accesible fresh water. Poor practices and over-development have led to
shortages of this already limited resource in many parts of the World. These shortages
affect millions of people and cost billions of dollars every year.

Global Water Cycle

The first step in understanding our water resources is to
quantify their movement around the planet. The GWC is the
continuous process whereby fresh water is transformed and
distributed to ecosystems throughout the world. Although
the GWC might be well described on some levels, many
local processes and effects are poorly understood and
unquantified. Space remote sensing is the only tool by which
large areas can be routinely measured to quantify the amount
of water moving through the atmosphere and being delivered
to various locations.

The global water cycle (GWC) is
an important recycling process
that regenerates the fresh
water supply of our planet. If
the GWC is well understood and
the distribution of water is well
coordinated and managed, then
the future freshwater needs of
the globe can be met.
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Case Study: Murray-Darling Basin

A Real World Case

Introducing the Situation
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The MDB is one of Australia’s largest drainage areas and is composed of the three
largest rivers in Australia: the Darling, the Murray, and the Murrumbidgee. At just over
one million square kilometers it comprises about 14% of the Australian landmass.
Although only 15% of Australia’s population depend on the resources of the MDB, it
has undergone over a century of development and is an essential part of the Australian
economy. It currently contributes between 30 - 40% of the total Australian production
from resource-based industries and generates approximately 50% of the nation’s gross
value of agricultural production.
Unfortunately, the environmental changes to support this development have had
a significant effect on the biodiversity of the MDB system. At the time of European
settlement in the 1800s, about 28% of Australia’s mammal species, 48% of its birds and
19% of its reptiles were found there. Of these species, 20 mammals are now extinct;
16 mammals and 35 birds are nationally endangered. Many of the estimated 30,000
wetlands in the MDB are suffering and the normal ecological processes are under threat
from human activities in the Basin. Other adverse effects include dryland salinity, the
removal of the regular flooding cycle and water pollution.
Australians recognized the importance of effective water management early and have
had various organizations and agreements in place for over eighty years to distribute
the water. In the 21st century, with growing population and industrial pressures,
the effective governance of water collection and distribution will become even more
essential for the sustainable development of the MDB.
The solution to the MDB water management problem involves a three-step process:
A management structure, information and outreach to the public. Each of these is
described in detail on the following pages. Of particular interest are the developments
in remote sensing of soil moisture and the benefits it promises to bring to water
management.

One Basin, Many Issues

Over-allocation of water, changing water-flows
and land clearing have increased stresses on
the Basin’s ecology. Over time these activities
can increase the probability of drought.
Floodplains are dynamic features
of dryland river landscapes in
the MDB. Flooding along dryland
rivers can inundate the adjacent
floodplain within days, sparking
dramatic increases in aquatic
productivity and changes in
nutrient cycles. Flow regulation
has reduced the number of
high-level
over-bank
floods
in many catchments, placing
greater emphasis on the need of
understanding the dynamics of
low- to medium-level flooding and
its significance.

The MDB is a naturally saline environment in terms
of its soil, geology, surface and ground water.
Especially in the western parts of the MDB, high
salinity and turbidity have always been natural
features of river water. Reduced water flows have
increased the salinity in the region.
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Step 1 - Water Management

Strategy Counts

The Murray-Darling Basin Initiative
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The management of water resources has been a critical issue since the settlement of
Australia in the 1800s. The joint interests of six governments in the MDB eventually
gave rise to the MDB Agreement of 1992, in order to “promote and co-ordinate effective
planning and management for the equitable, efficient and sustainable use of the water,
land and other environmental resources of the MDB”. The MDB Initiative is “the largest
integrated catchment management program in the world”. It is also the only interagency agreement of its kind anywhere in the world.

Key Issues Addressed by the MDB Commission
Under the MDB Initiative the Integrated Catchment Management Policy was developed
and implemented. This policy aims to achieve healthy rivers, ecosystems and catchments
by setting targets for water quality, water sharing, riverine ecosystem health and
terrestrial biodiversity. In order to achieve these objectives, the MDB Initiative focuses
on seven key issues:
• Human Dimension Strategy
• Monitoring and Evaluation Strategy
• Basin Salinity Management Strategy
• Floodplain Wetlands Management Strategy
• Algal Management Strategy
• Native Fish Strategy
• Salinity and Drainage Strategy

The National Water Initiative
With the success of the MDB Initiative, the Council of Australian Governments developed
the National Water Initiative (NWI) in 2003. The NWI serves to:
• improve the security of water access entitlements;
• ensure ecosystem health;
• ensure water is put to best use;
• encourage water conservation in cities.

Partnering Across Governments and with the People
The MDB Agreement established three
institutions at the political, executive and
community levels in order to implement
the agreement. These institutions are:

The Murray-Darling Basin Ministerial
Council

The Ministerial Council is responsible
for providing the policies and directions
necessary to implement the MDB
Initiative.

The Murray-Darling Basin Commission

The Commission is a non-government
organization that works cooperatively
with
its
partner
governments,
committees and community groups. It
advises the MDB Council and executes
its decisions by conducting research and
coordinating services.

The Community Advisory Committee

The Committee serves as a conduit to
communicate community concerns to
the Commission and to disseminate
information to the community on
decisions made by the Ministerial
Council.

The MDB Initiative, with its focus on
integrated catchment management and
government-community partnerships,
is making effective progress towards
restoring the health and preserving the
sustainability of the MDB.
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Step 2 - Information for Decision Mak

View from Above

Remote Sensing of the Murray-Darling Basin
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Even the best water management structure cannot be effective without information to
act upon. Remote sensing technologies are in place to measure water cycle parameters
including river flow rate, precipitation, salinity and sedimentation in the MDB. They also
help to monitor floods and droughts. The Murray-Darling Basin Commission (MDBC)
uses this information to guide its policies and balance the various demands on the river
system for the benefit of all users and the environment.
The MDBC uses remote sensing data from several satellites in this decision process,
including Landsat, RADARSAT, ERS, IRS, Terra and NOAA satellites*. Atmospheric
humidity and temperature profiles are routinely provided to the MDBC by the NOAA,
DMSP* and other meteorological satellites. This data on local parameters of the water
cycle assists in predicting water levels and planning for water usage.

Space Remote Sensing of the Global Water System
Space remote sensing is also used to monitor a wide range of parameters of the water
cycle on a global level. Information about atmospheric winds, cloud cover and tropical
precipitation is provided by geostationary meteorological satellites such as the Meteosat
series, GOES, GMS and INSAT*. In addition, multi-purpose imagery for land and sea
is collected by high resolution optical and Synthetic Aperture Radar (SAR) instruments
for use in environmental, public and commercial applications. Future missions with
increased spatial and temporal resolution will ensure improved data collection and
application opportunities.
The development of technology should enable the use of satellite data for monitoring
smaller water bodies and other parameters of the water cycle, such as water quality,
salinity, and soil moisture. Of these, soil moisture is particularly important in helping
determine global and local water balances.
*DMSP - Defense Meteorological Satellite Program, ERS - European Remote Sensing, GMS - Geostationary Meteorological
Satellite, GOES - Geostationary Operational Environmental Satellites, INSAT - Indian National Satellite, IRS - Indian
Remote Sensing, LANSDSAT - LAND remote sensing SATellite, METEOSAT - METEOrological SATellite, NOAA - National
Oceanic and Atmospheric Administration, RADARSAT - RADAR SATellite

kers

Space-based instruments can provide a global view of general activity in the atmosphere
and on land and water surfaces. However, many characteristics of the water cycle are
difficult to derive from space remote sensing data alone. In order to obtain the full
picture of the water cycle processes, data from the satellites has to be merged with
data obtained from airborne and ground remote sensing as well as with data from insitu instruments.
The use of data processing methods and geographical information systems (GIS) have
improved the accessibility and ease of analysis of remote sensing data in many different
application contexts, providing the information to the end users as an effective tool for
water management.
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Step 3 - Applying New Technologies

The Next Step

Space Technology to Monitor Soil Moisture
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Current space based systems provide good estimations of the surface soil wetness.
Nevertheless they are not capable of performing a direct measurement of the moisture
throughout the profile below the thin surface layer. Current practice is to derive soil
moisture using correlation techniques applied to a variety of measurements from all
forms of soil moisture space remote sensors.

Current space remote sensing for soil moisture
•

•

•

Precipitation Radar (PR): A radar
primarily for detecting rainfall in the
tropics, but its data may be applicable
to soil moisture as well. Current
research is trying to derive soil moisture
estimations using PR data.
Passive
Microwave
Radiometers:
An instrument detecting microwave
emissions from the Earth’s surface and
atmosphere. Algorithms for determining
soil moisture from this data are being
developed.
Synthetic Aperture Radar (SAR): A radar technique used to detect small
changes in topography, but can also be used to monitor deforestation and
surface hydrological states. Raw measurements do not correspond directly to
soil moisture and processing with other variables is required.

STREAM Proposed Hybrid Approach
For soil moisture monitoring, ground sensor data at selected sites will assist with
correlating space results. Space technology can also be used in the telemetry of
wide area ground based data. STREAM proposes the development of a hybrid sensor
network in areas of high interest, where remote ground sensors will add value to the
space results with matched data sets. The study builds on existing MDBC practices and
identifies a budget of approximately USD 250,000 per year.

Planned Satellite Missions for Soil Moisture
Gaining accurate, reliable measurements of soil moisture with considerable resolution
will improve the understanding of the MDB water cycle and enable water managers to
enact policies for promoting water improvement. In order to create effective models for
the MDB, the quantification of certain parameters needs to be improved. In the future,
sensors on the following satellites can provide soil moisture measurements to Australia,
with varying degrees of accuracy and resolution:

ESA’s SMOS Mission

The Soil Moisture and Ocean Salinity (SMOS) satellite will be launched in 2007. SMOS will
map soil moisture and ocean salinity, which are two crucial variables for understanding
weather and climate. It will also monitor the water content in vegetation, snow and ice
cover.

NASA’s HYDROS Mission

Between 2009 and 2010 NASA will be launching the Hydrosphere State (HYDROS)
mission to monitor daily soil moisture and freeze-thaw cycles globally from space.
The HYDROS remote sensing data will be used for weather and climate prediction,
hydrosphere modeling and water resource availability prediction. The long-term goal
of HYDROS is to enable scientists to better understand the global water, energy and
carbon cycles.

JAXA’s ALOS Mission

JAXA has placed the estimation of soil moisture distribution as one of the general
goals for the science program of Advanced Land Observing Satellite (ALOS), which has
Phased Array type L-band Synthetic Aperture Radar (PALSAR) as one of its three land
observing sensors and is scheduled to be launched in 2004.

Future remote sensing technologies of
soil moisture promise to revolutionize our
understanding of the global water cycle.
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Step 4 - People as Part of the Solution

Reaching Out

STREAM Outreach Process
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Technology and governance can only solve part of the water management problem.
People must be educated about the importance of water management issues and when
possible, be able to take an active part in the solution. STREAM has identified the
following outreach steps:
• identification of targets to be reached (who?);
• selection of the most appropriate media for each identified target (how?);
• for each target/medium, definition of the contents to communicate (what?);
• definition of the timing to implement the outreach program (when?);
• identification of any viable measurement to monitor the effectiveness of the
outreach program (how well?).
Below are two programs suitable for reaching the youth and the agricultural
population.

Outreach to the next generation
•
•
•
•
•
•

Encourage them to work with environmental organizations such as ‘My River’ or
‘The World Wildlife Foundation’.
Include ecology courses as part of the primary and secondary school curricula.
Advertising campaigns to promote environmental awareness.
Develop environment-based board games.
Interactive web games, perhaps with attendance to space camp as a prize.
A national environment quiz, again with attendance to space camp as a prize.

Outreach to farmers
•
•
•

Make information/data available at various levels of complexity.
Surveys to determine the level of awareness and understanding of space
technology and tools.
Apply a “push” campaign to actively contact farmers and present both
information and applications of that information.

n
Global Relevance of the STREAM Project
The technology, governance and outreach lessons learned from the MDB can be
applied to other areas of the world experiencing similar problems with water quality
and scarcity.
In 2001 the Lower Murrumbidgee catchment in southern New South Wales, part of
the MDB, was selected as the first (and only) global reference basin for the United
Nations Educational Scientific and Cultural Organization’s (UNESCO) HELP (Hydrology
Environment Life and Policy) program. The HELP program, a joint program of the
UNESCO and the World Meteorological Organization, aims to provide examples
of best practice in water resource management. As a global reference basin, the
Lower Murrumbidgee catchment demonstrates the successful integration of “people,
production, environment, policy and science”.
Although problems vary according to regional climate and geographical differences,
common threads can be found where space technologies could provide significant
benefits in the management of water. Among these, some elements such as erosion,
ice, flood, precipitation and water quality monitoring have already been or could be
addressed by existing space-based remote sensing missions. Additional elements
that could benefit global water management have been identified under five
recommendations of the STREAM report, two of which are summarized below:
•
•

Implement a global data sharing infrastructure for remote sensing data related
to the water cycle.
Integrate the global remote sensing data on the water cycle with the natural
and social science global information base.

Further use of remote sensing technology, as
demonstrated in the MBD, promises to provide
significant improvements in management of
freshwater resources worldwide.
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Summary & Recommendations

Moving Forward

Summary
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Australia, as many other countries, is facing significant challenges in providing its citizens
equitable access to fresh water. The MDB is an example of how water management can
be crucial in achieving this objective.
In order to define priorities on water flows and water access to each of the user groups,
decision makers need to formulate educated choices on this scarce resource. It is
therefore of fundamental importance for the MDBC and its partners to use all available
information tools to implement their policies. Satellites can be a vital element in the
information chain.
Space systems provide unique characteristics for observing the Earth: broad views,
repeatability, and consistency of view. In addition, modern sensors deliver data in a
digital format that can be easily analyzed and distributed. Hence, they are particularly
useful in managing large river basins, like the MDB. The world now has sufficient
operational satellites of different spatial and spectral resolutions to monitor the entire
MDB at different scales in order to assess vegetation health, water quality, and water
distribution. Merging these satellite data with in-situ data at finer scales allows water
resource managers to gain a detailed picture of the basin’s water managements
needs.
Soil moisture is an important factor in water management. Therefore space agencies
are developing new sensors that can be used to monitor soil moisture at different
scales. In a few years, data from these new systems will be available to the MDBC. This
report recommends that soil moisture data be integrated in a hybrid system, including
space, air-borne and ground measurements.
The solutions encountered by the MDBC, which may include further use of space
systems, might encourage and inspire water resource managers from other parts of the
world, facing similar challenges, to adopt similar processes.

STREAM Recommendations
Space-based remote sensing technologies are already providing significant benefits
to water management agencies, not only in the MDB but also in other regions of the
world. Future developments in soil moisture sensing technology and data management
promise to further enhance these activities.
The STREAM project has formulated the following recommendations:

Recommendation 1 - Space Technology

MDB Commission to collect more space-based remotely sensed data in order to gain a
more comprehensive picture of the Murray-Darling Basin’s water management needs.

Recommendation 2 - Soil Moisture Data

MDB Commission to collect more soil moisture data by:
• using a hybrid model of ground-based, AVHRR and airborne data as an interim
solution;
• integrating SMOS and HYDROS soil moisture data into its current data collection
system.

Recommendation 3 - Equitable Data Distribution

MDB Commission to institute a Soil Moisture Management Strategy mandated to collect,
store and distribute soil moisture data and GIS information; and
MDB Commission to provide educational and financial means to all stakeholders in the
MDB to effectively access and use satellite information.

Recommendation 4 - Global Water Management

Implement a United Nations (UN) charter for water management. This charter shall
focus on the following items:
• planning and launch of a global water monitoring system in which the data is
owned by the UN;
• harmonization of water management policies among nations;
• provision of a conduit for water-related data sharing.
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