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Abbreviations and acronyms
Acronym

Definition

ARRD

Australian River Restoration Database

CGI

Common Gateway Interface

CSIRO

Commonwealth Scientific and Industrial Research Organisation

HTML

HyperText Markup Language

LAMP

Linux, Apache, MySql, Perl/PHP/Python

MDBC

Murray–Darling Basin Commission

NRM

natural resource management

NSW

New South Wales

QLD

Queensland

NRRSS

National River Restoration Science Synthesis

Perl

Practical Extraction and Report Language
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National Water Commission
Water-dependent ecosystems position statement
Water-dependent ecosystems in Australia
Water-dependent ecosystems include wetlands, floodplains, riparian areas, estuaries and
springs. They provide many important services, including provision of good quality water for
irrigation and domestic use, habitat for fish and other aquatic fauna and flora, removal of
wastes and contaminants, and aesthetic, cultural and recreational benefits. Without adequate
and timely water, these ecosystems lose their capacity to provide such services. In some
cases, the losses may be irreversible; in others, they may be difficult and costly to reverse.
Under current conditions, many significant water-dependent ecosystems are under threat.

Commitments under the National Water Initiative to water-dependent
ecosystems
Striking a balance between water for consumptive uses and water for ecosystem health—so
that environmental, social and economic outcomes are optimised—is integral to the National
Water Initiative Agreement. Water planning is the fundamental means for achieving this
balance. Overallocated water systems need to be restored to environmentally sustainable
levels of extraction; in other systems, crucial environmental assets and ecosystem services
need to be protected.
The National Water Initiative calls for:
•

environmental water to enjoy the same security as water for consumptive uses

•

environmental water managers to be established and equipped with the necessary
authority and resources

•

water-market and trading arrangements to protect the needs of the environment

•

environmental water to be included in water accounts and audited

•

periodic assessments of river and wetland health to be conducted so that adaptive
management can be undertaken on

Progress on water-dependent ecosystems
The National Water Commission’s 2007 First Biennial Assessment of Progress in the
Implementation of the National Water Initiative found that all states had made statutory
provision for water to meet environmental and public benefit outcomes within water plans,
however:
•

overallocated systems were not always adequately identified

•

environmentally sustainable levels of extraction were poorly defined

•

there was considerable variability in the quality of the science underpinning water plans
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•

in many cases, the trade-offs between environmental and consumptive uses were not
transparent

•

there was often a lack of specificity in the environmental outcomes.

The Commission considers that the protection of threatened water-dependent ecosystems,
including the recovery of overallocated systems, continues to be a major challenge in
implementing the National Water Initiative Agreement.

The Commission’s water-dependent ecosystems activities
Over the past three years, the focus of Commission activities has been on filling knowledge
gaps and promoting science to support good decisions about environmental water. These
activities have included:
•

commissioning the synthesis of existing knowledge about specific aspects of waterdependent ecosystems and their management

•

commissioning scoping studies to identify critical knowledge gaps and provide guidance
on research priorities

•

providing grants to research programs addressing issues such as the formation of acid
sulfate sediments, water requirements for native fish populations and the use of aerial
surveys of waterbirds as indications for wetland health

•

supporting environmental water managers by establishing a ‘community of practice’
where they can share experiences

•

undertaking trials of a national framework for assessing river and wetland health
(FARWH), with the intention that an agreed framework will be delivered in 2011.

Future directions for water-dependent ecosystems
The Commission will continue to build on these activities. However, improved knowledge
alone will not ensure that environmental outcomes are achieved. The Commission has
therefore adopted the following six priorities to guide future work involving the management of
water-dependent ecosystems:
1. Help develop and implement national guidelines and procedures for determining
environmentally sustainable levels of extraction of water. A nationally agreed method will
expedite the formulation of water plans that protect water-dependent ecosystems and
include a pathway to recover overallocated systems. The methods will include guidelines
for establishing clear environmental outcomes.
2. Pursue an agreed national inventory of overallocated water systems together with
commitments by governments to return them to sustainable levels of extraction.
Identifying overallocated systems and recording agreed actions to recover the water
needed to restore sustainability is central to achieving environmental outcomes contained
in the NWI.
3. Improve the security of environmental water. In spite of the legislation now passed in all
jurisdictions, environmental water allocations often lack specificity and there is uncertainty
around the status and security of environmental water holdings.
4. Support more effective management of environmental water. There are many
shortcomings in the governance and operations of environmental water managers.
Statutory empowerment, funding, skills and access to science, data and best practice
guidelines all require urgent attention. The development of a national community of
practice in environmental water management is an important initiative that will support
these water managers.

iv
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Strengthen the role of adaptive management of environmental water. Recent work
1
commissioned by the Commission showed there is a deficiency in monitoring and
reporting on plan implementation. This is a significant weakness when coupled with gaps
in ecological knowledge and the occurrence of climatic conditions outside the planned-for
circumstances. More systematic monitoring and reporting is essential to enable the water
management regime to be adapted intelligently in the light of experience.

6. Implement the Framework for the Assessment of River and Wetland Health. While the
Commission will continue to support the implementation of the Framework for the
Assessment of River and Wetland Health, its successful adoption rests with the parties to
the National Water Initiative Agreement.
By pursuing these priorities, the Commission will play its part in promoting the enduring
objective of the National Water Initiative to manage water-dependent ecosystems to best
effect. We urge the parties to the National Water Initiative Agreement to do likewise.
National Water Commission
1 September 2008

1

Hamstead M, Baldwin, C and O’Keefe, V 2008, Water allocation planning in Australia – current practices and
lessons learned, Waterline Occasional Paper No. 6, April 2008, National Water Commission.
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Executive summary
This Waterlines report is part of a series of papers commissioned on issues relating to
Australian aquatic ecosystems. These Waterlines reports will contribute to improved
environmental water management by stimulating discussion, synthesising current thinking,
identifying knowledge gaps, and highlighting areas that warrant further investigation.
Current expenditure on river restoration activities in Australia is about $100 million a year.
Given this level of funding, data should be collected about the success and failure of projects
to help set priorities, guide future works. This information is also a critical component of the
adaptive management process. However, there is no centralised, coordinated repository of
information about river restoration. A predicted escalation of competition for water and the
already poor state of many waterways emphasises the importance of a national, consistent,
and widely available database. The database would enable an audit of what types of river
restoration projects are most common, most expensive, and the most effective; this will add
significant value to both past and current investments. The database would also underpin a
national synthesis of river restoration projects. This would be best managed as part of an
overarching procedure for setting rules for data inclusion to ensure quality, analysing results,
improving management, and providing feedback for policy makers. This could be embedded
in an Australian Government department, or a structure similar to the National Centre for
Ecological Analysis and Synthesis (NCEAS) in the USA could be adopted. However, a
database alone is clearly not enough for synthesis. It also requires experienced staff with the
skills to ensure a suitable quality of data entry to enable appropriate ‘questions’ to be asked of
the data.
Similar considerations to those outlined above led to the establishment of the successful
National River Restoration Scientific Synthesis (NRRSS) in the United States. We have drawn
from the experience of the United States of America in developing recommendations for the
Australian context (see below). The current situation in the two countries is similar, and while
the total effort in river restoration in Australia is much smaller, the predicted gains from
developing a national database are of similar proportion.

Recommendation 1:
2

An Australian River Restoration Database (ARRD) be established within an agency as part
of an overarching process for evaluation, refining management, and informing policy
Security of the ARRD is required for long-term ownership and funding and consequently
suitable agencies should be evaluated as a potential repository for the ARRD.
Discussions with a range of potential users of an ARRD identified several crucial features:
•

it must offer information of sufficient quality, which can be readily searched electronically,
to enable users to identify records and projects of interest, together with contact details,
3
reports and links that enable them to obtain further information (metadata compilation )

•

database categories must include geographic location and river type, project objectives,
methods used, ecological evaluation, contact information, and further details

•

the database must be searchable on the five key categories (as per the point above) and
available through the Internet and through a periodically updated CD-ROM; it should use
software that users can access using their own computer systems

2

In the USA, the NRRSS is hosted by the National Centre for Ecological Analysis and Synthesis (NCEAS).
Most participants in the NCEAS were from universities.
Data on data (that is, where databases and spreadsheets are located)

3
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•

data from completed (past) projects should be captured, and the database must be
dynamic and capable of continued development (for example, by extending it to include
4
wetlands and floodplains ) as needs and data change

•

to ensure data accuracy and consistency, initially all data should be entered by staff of
the database’s host institution. Following the database establishment phase,
consideration could be given to training external users to add their own data with host
checking for quality control

•

an initial phase (prior to data entry) of ensuring data quality is crucial—data on restoration
must have some level of ecological evaluation

•

the database needs to be managed by a panel that includes ecologists, managers and
policy makers. This panel will set rules for data inclusion and set the questions ‘asked’ of
the database. It is recommended this panel meets twice a year.

There was a clear preference from respondents that the database be hosted and managed at
‘arms length’ from direct pecuniary interest or political interference. This is in order to preclude
any perception of bias in collection, access, evaluation, or publicity of the datasets or their
subsequent analysis.

Recommendation 2:
That the ARRD host organisation be required to complete establishment and testing of the
ARRD, in collaboration with potential users, within the first year. In the first year, the ARRD
will include at least 2000 project records, which would predominantly be current projects.
Collaborative relationships with all project funders, as well as publicity and help for database
users, will also be established in the first year.
There was broad agreement by potential ARRD users with the data categories listed in
Table 2. The ARRD host would need to spend time developing the operating system,
including search functionality and user access. Following this stage, data entry for both
current and completed projects will need to be undertaken, initially with an emphasis on
current projects but also working through the ‘backlog’ of data on completed works. This task
will require staff of the ARRD host to visit agencies, catchment authorities and other
organisations to access their electronic records, review hard copy applications and reports
and talk to people directly involved in the project. The information will then become a project
record in the ARRD. Given the size of the backlog task (currently exceeding10 000 projects),
we propose that this be spread over a three-year period. The first year would focus on
incorporating current projects.
Existing contacts and an ability to collaborate with a wide range of agencies and groups will
be essential for successful operation of the ARRD. Once the database is established, the host
will need to work closely with the Australian, state and territory governments, regional,
catchment, academic and non-government bodies to obtain their agreement to be involved
and supportive of the ARRD, and to ensure that all future river restoration projects are
recorded in the database. We suggest that providing project records for the ARRD become a
condition of funding. The ARRD host will also need to publicise the establishment of the
database, as well as provide training about how to access and use the resource to assist river
restoration efforts. A user help service will be a key component of support activities.

Recommendation 3:
That funds for the ARRD be sought for an initial period of three years, with a clear expectation
that during that time its host organisation will obtain additional funds from other sources
(including a usage fee or subscription where appropriate), and that continued Australian
4

Wetlands and floodplains remain amongst the most degraded of Australian systems. Data on these would
form a Stage 2 of database development.
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Government funding would be dependent upon an external evaluation of the national and
local benefits being obtained from it.
Funding for the ARRD must be long term. In light of the start-up costs of establishing and
publicising the database, as well as the need to load substantial data before it becomes a
valuable tool for users, we propose funds be sought for the project for a three-year period with
annual milestone reviews. There would also be the clear expectation that the ARRD host
would seek additional sources of funding for the database, including a usage fee or
subscription. Ongoing Australian Government funding for the ARRD should be linked to
evidence of its continued use and of the national and local benefits being obtained from it. To
ensure this can be achieved, monitoring and evaluation of the ARRD must be included from
the initiation of this project.

Recommendation 4:
Funds for the ARRD are sought for the initial three years on the basis of the following
expenditure: an annual operational cost of $250,000 and a once-off cost to capture data on
completed projects (approximately 10,000 projects in total) of $2.1 million spread over the
three years. The total funding required would therefore be $2.85 million over three years.
Given the current level of annual expenditure on river restoration activities (broadly defined)
across Australia of more than $100 million, we estimate that there are two to three thousand
projects underway each year. We also estimate there were at least 10,000 past projects from
1995 to 2007 for which some type of record, including the basic data required, remains
available in local databases, ‘people’s heads’, and in printed materials. We further estimate,
based on our past experience with project data and that of the NRRSS in the USA, that it
would cost approximately $200 to capture each record of current and completed projects in
sufficient detail to be of value for a national synthesis. This is estimated on the time taken to
access local data and transcribe it to the proposed ARRD, and to follow up (where possible)
to obtain missing information. Based on this estimate, the total cost to capture all data on
current and completed projects would be $2 million (which could be spread over three years),
with ongoing costs for data capture about new projects, assuming projects run for an average
of 2.5 years, of around $200,000 a year.
Maintenance, updating and general management of the ARRD, as well as responding to the
high level of predicted user requests, would add about $100,000 per year after initial
establishment. Publicity, training and communications activities would be an additional
$150,000 per year. A newsletter, communities of practice around river restoration topics, an
interactive website and other communication activities can all be developed in response to the
information provided through the ARRD. This will take advantage of the capacity of the ARRD
to provide a sound evidence base that can be interrogated to assess what the key success
and failure factors in river restoration projects are, and what type of interventions can assist
people so that they are more likely to succeed in the projects they undertake.
These figures provide a picture of the resources needed to establish and manage the ARRD;
they can be compared with the estimated $750 million spent on these activities during
1995-2007 alone and ongoing expenditures of $100 million each year. If the data made
available through the ARRD leads to only a 2 per cent improvement in efficiency and costeffectiveness, the database will prove a sound investment with a cost benefit ratio of 1:8.

Recommendation 5:
A structure is investigated where the ARRD forms part of an overarching synthesis process in
which incentives are provided for continued engagement.
The establishment of a database such as the ARRD alone will not drive synthesis. Incentives
as part of an annual audit will be needed to maintain meaningful engagement amongst users.

viii
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Recommendation 6:
Data available for restoration of wetlands and floodplains should be assessed to determine if
the recommended ARRD includes these systems at the start or included later as an add-on.
Wetlands and lower river floodplains are probably the most degraded Australian aquatic
ecosystems. Restoration of these systems has been very patchy with a similar situation to
that of rivers. Few data have been collected on evaluation and assessment of on-ground
activities. Data on these systems could be included in the initial definition of the database
(River and Wetland Management Database) or included later as an ‘add-on’.
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1. Introduction
This report presents the results of a scoping study undertaken for the National Water Commission
under the Raising National Water Standards Program. The primary purpose was to examine the
desirability and feasibility of undertaking a national synthesis of river restoration efforts and outcomes
in Australia, which would provide further insights into best practice restoration activities (Cullen 2007).
The synthesis is largely modelled on the successful United States’ National River Restoration Science
Synthesis (NRRSS) project. This study considered both the use and desirability of creating an
Australian national database to collate information about the efforts and major outcomes of river
restoration activities in all jurisdictions in Australia. Issues such as data availability, metadata and
types, the structure and content of the database, its development and management, and ongoing
funding and upkeep responsibilities are included. The Australian River Restoration Database (ARRD)
is proposed.
The project team was drawn from the Centre of Excellence in Natural Resource Management of the
University of Western Australia (lead manager) at Albany, Western Australia, as well as Lovett Clarke
Consulting and Mackellar Consulting Group, both in Canberra, Australian Capital Territory. This team
consulted widely among river managers and researchers (see Appendix A for a full listing) to gauge
the level of interest and support from potential users for an ARRD and to survey the types and level of
river restoration project information currently available in this country.
The National Water Commission brief for this study used the term ‘restoration’, which is defined as an
improvement in the ecological condition of a river or stream following an intervention (see Palmer
et al. 2005).
Given that the ARRD should provide access to information about river restoration projects and
activities to improve river restoration outcomes, the ARRD should promote ‘adaptive management’ as
the guiding philosophy for river restoration. Adaptive management is an approach that involves
learning from management actions and using that learning to improve the next stage of management
(Holling 1978). Figure 1 shows the key components of the adaptive management process.
Figure 1: The adaptive management process

Modified after Holling (1978)

10
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The approach is recommended by scientists and practitioners for managing Australian systems, as
background information is often limited, and uncertainty of the consequences of intervention is high.
The adaptive management process for river restoration has been fundamentally limited in Australia
because the evaluation component is usually not completed, and consequently the refinement of
management actions is not done. For Australian systems, it is critical that there is effective monitoring
followed by a long-term commitment by management.
The ARRD would provide a solid, reliable base for short-term and long-term evaluation of river
restoration efforts.
This report is presented in the following four main sections:
1. the need for a database in Australia; who would use it and for what purposes
2. a detailed discussion of the United States’ NRRSS project, its context, methods, strengths and
weaknesses, as well as comparative databases of other countries
3. a description of a proposed ARRD, bringing the above two lines of enquiry together, and
describing how the ARRD would be established and managed, and the types and availability of
existing data to be included within it
4. a brief for a follow-up project to construct the Australian database as a valuable source of
information to share knowledge and experience and to guide and focus future investments in river
restoration.

NATIONAL WATER COMMISSION — WATERLINES
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2. The need for an Australian River
Restoration Database
It has been estimated that, by the late 1990s, Australia was spending at least $50 million annually on
river restoration activities (White, Rutherfurd and Hardie 1999). Active management of rivers has
been a continuing activity since European settlement, for example large woody material was removed
to allow safe navigation of boats along the Murray River and other inland systems in the 1880s, and
extensive channel protection works were constructed along the Hunter River following a series of
damaging floods in the 1950s. Many rivers have extensive modification to their channels, banks, and
riparian zones. New, often intensive land uses and continued catchment ‘development’ have
contributed to changes in flow patterns and volumes, as well as to erosion rates of hillslopes and
channels, while the construction of infrastructure such as roads, bridges and buildings in riparian
zones led to increased risk from floods.
For the first 150 years following European settlement, river management focused on reducing threats
from floods and on capturing water supplies for irrigation and other human uses. More recently,
however, attention has also been directed to the ecological attributes of river and riparian systems,
and to the need to maintain the health and functioning of aquatic ecosystems. Communities across
Australia are realising that they want ‘healthy’ rivers that can continue to support economic, social and
ecological values (Lake 2001). This brief history explains why the level of activity in river
management, and more recently restoration, continues to be significant in many catchments.
Total current expenditure on river restoration activities is estimated to be around $100 million annually
(Rutherfurd, Ladson and Stewardson 2004). Government Programs which have or are currently
funding these activities include the Natural Heritage Trust, the National Action Plan for Salinity and
Water Quality, Caring for our Country, the National Disaster Relief program, the National Water
Commission, the Murray Darling Basin Commission, Land & Water Australia (now disbanded), state
and territory governments through programs such as Rivercare and River Health, water corporations,
on-ground works programs of catchment management authorities and boards, local governments,
Greening Australia and other non-government organisations, industry groups, and individual public
and private landholders. The majority of this expenditure is on riparian management (Figure 2).
Given this substantial level of expenditure and effort, it could be reasonably anticipated that data have
been collected about the success or failure of past river management projects to guide future works.
Some river restoration practices are ineffectual if applied incorrectly or can have unintended or even
contrary, often disastrous, consequences. For example, large pieces of wood (whole trees or large
branches) within a channel need to occupy at least 10 per cent of the channel cross-sectional area
before they have an appreciable effect on flood stage and water height, and in a major flood their
effects are literally ‘drowned out’ (Rutherford et al. 2004). This explains why many of the past projects
to remove such wood from rivers has had little effect on flooding, but instead they have had major and
expensive unintended consequences by initiating a new period of bed and bank erosion and the
consequent pool in-filling.
There has been only limited effort in Australia to monitor the results of past river restoration projects,
and there has been even less to objectively evaluate their effectiveness in meeting the predetermined objectives. In light of the current and likely future expenditure on such works, a database
of such projects that provides information and enables national synthesis of both science and practice
is long overdue. In addition to considerable financial investment, Landcare groups, river and
catchment management groups reliant on volunteers are considered prone to ‘burn-out’ (Byron and
Curtis 2002), and this is often because the outcomes of their efforts are unknown. For example, the
need for ongoing evaluation of Landcare projects has not been recognised largely due to failure to
collect relevant data.

12
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Figure 2: Categories of restoration activities conducted on Australian streams and rivers, the
number of projects, and approximate cost

After Brooks and Lake (2007)

2.1 A lack of river restoration data and sharing of
knowledge
In other countries, long-term storage, metadata, monitoring and retrieval of river restoration data and
subsequent analysis and synthesis are often as limited as Australia. In the United States and Canada,
where stream restoration has decades of history, and it has a primary aim to improve fish habitat and
support a high-value fishing and tourism industry, many projects still remain unmonitored. There are
few evaluations of cost-effectiveness. In the United Kingdom, it has been estimated that only about 5
per cent of river enhancement projects have some form of appraisal reports (cited in Bernhard et al.
2005). It is similar in other European countries, although a few large projects have been subject to a
rigorous evaluation, and the European River Restoration Centre Networks is giving attention to both
monitoring and evaluation of larger restoration projects.
Palmer et al. (2005) proposed five criteria for evaluating the success of restoration for ecological
function in streams and rivers:
1. The design of the project should be based on the requirement that restoration results in a more
dynamic, healthy river.
2. Based on this, the ecological condition of the river or stream must be measurably improved.
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3. The resilience of the river ecosystem must be improved so that only minimal follow-up
maintenance is required.
4. During the actual intervention phase, no lasting harm should occur.
5. Both pre- and post-assessment should be completed using an agreed and clearly-defined
protocol and these data should be publicly available.
In a review of the above five criteria, Jannson et al. (2005) recommended a sixth: that activities be
couched in a conceptual understanding of relevant ecological theory that includes the mechanism of
how restoration activities will achieve a change in ecological function.
This notion has been elaborated for Australian streams and rivers by Bond and Lake (2003). They
considered the construction of physical habitat and the idea of ‘the field of dreams hypothesis’ (‘build
it and they will come’). They detailed five limitations to restoration that is based on construction of
physical habitat:
1. physical barriers to colonisation
2. seasonal shifts in habitat use
3. impact of introduced species
4. effect of long-term and large-scale processes
5. effect of inappropriate scale.
Brooks and Lake (2007) found that data sources were very limited and much historical information
has been lost through restructuring and poor archiving. They examined records for 2247 restoration
projects. They reported that riparian management projects were the most common, followed by bank
stabilisation and in-stream habitat improvement. Only 14 per cent of the project records indicated that
some form of monitoring was carried out.
Consequently, it is apparent that the lack of rigorous evaluation of river restoration projects has been
a significant missed opportunity to learn from past investments, to synthesise results to both improve
future projects, and to enhance the science that underpins effective restoration. Given the current and
likely future levels of public and private investment in river management, the development of an
ARRD remains a high priority. This database will provide the following benefits:
•

a comprehensive record of the location and content of river restoration projects and activities that
is easy to access and use and that will support catchment or region wide assessment of priorities
and outcomes—the database would provide a basis to enable a first audit of what types of river
restoration projects are most common, most expensive, and most effective

•

the required information to enable a synthesis of both research and practical river restoration
projects —currently, projects are scattered amongst a plethora of different academic, government
and catchment based institutions. Bringing these projects together, into one database, in a
consistent format, would be a first for Australia, and following evaluation, the work would add
substantial value to our past, present and future investments in river restoration

•

an ability to evaluate the success or failure, and cost-effectiveness, of river management methods
across different river types, catchments and time scales —this will enable improved techniques,
discovery of lessons learnt, and greater confidence for practitioners and increased returns from
future investment

•

after analysis, enable an opportunity for river managers to share experiences and learn from each
other, avoiding costly duplication and repetition of past mistakes —the database could be further
developed to have communities of practice (people working on similar issues) around particular
river restoration activities, thereby keeping people in touch with each other so that experiential,
not just technical, knowledge is shared.

•

a dynamic repository of knowledge that can be built upon and used to develop training programs,
guidelines and manuals that relate directly to practical issues encountered in undertaking river
restoration —new information and experiences would constantly be gathered, thereby updating

14
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knowledge and providing a valuable reference point for scientists and practitioners working in this
field
•

an opportunity to revisit and monitor sites after the project completion— this is important, as the
current short-term project timeframes are inconsistent with the reality that biophysical recovery
takes longer than two or three years. Often the lack of employment security means that the
original people involved in the project move on, and due to poor records, it is often the case that
no one knows what is actually achieved and whether original river restoration objectives are
attained.

•

provide the basis for accountability, effective audit and reporting of publicly-funded programs.

2.2 Proposed end-users
For Australia, there is a wide range of potential audiences that might benefits from ready access to
information about restoration projects. These range from governments and policy makers who are
interested in the scale and range of costs of river restoration, what works have been undertaken in
which catchments, and what are the crucial ingredients for a successful result, to river managers and
communities who wish to share their own experiences and to learn from others. A list of potential
users of the ARRD, and the ways they might use it, is provided in Table 1.
Table 1: Potential Users of, and functions provided by, the ARRD
Potential users

Function or service

Australian Government

•

Easy-to-navigate database providing a national
overview of river restoration activities, and
capacity to synthesise scientific knowledge

•

Identify projects in particular locations
(jurisdiction, catchment) and their stage of
progress (proposed, in progress, completed)

•

Ability to compare river restoration activities
across jurisdictions (type of activity, cost,
duration, managing organisation) and identify
gaps and future priorities

•

Source of data for comparison to assist in
assessing proposals for new restoration projects

•

Information for monitoring and evaluation at a
program level, and assessment of the return on
investment of public funds

•

Ability to audit progress, outputs and outcomes of
river restoration projects and interrogate data at a
detailed level (see categories in Table 2)

•

Identification of opportunities for cross-border and
cross-organisational collaboration

•

Ability to refer people to ‘projects of excellence’,
and to people with scientific or technical
knowledge, so that new projects can build on past
work past rather than duplicating efforts or
repeating mistakes

•

Database that can form the foundation for an
‘information hub’ about river restoration activities
that support, educate, and develop communities
of practice around river restoration issues

•

Politicians and parliament

•

Departments (DAFF, DEWHA PM&C, L&WA)

•

National Water Commission

•

Murray–Darling Basin Commission

State and territory governments
•

Politicians and parliaments

•

Departments and agencies

Catchment management authorities and boards
Natural resources management boards
Greening Australia (River Recovery)

All of the above plus:
•

Links to national projects so that work undertaken
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can be done within the Australian context
•

Demonstrations to the community of local
projects and benefits of river restoration activities

•

Ready access to practical information that is
locally relevant

•

Ability to contact other groups or individuals who
can provide technical assistance in design,
implementation or evaluation of restoration
projects

•

Support for capacity building and skills
development by providing ‘real life’ examples of
the issues associated with river restoration

Local Government (Rural and Urban)

All of the above plus:

Local Groups – Rivercare, Landcare, Waterwatch,
Coastcare
Other river restoration practitioners

•

Scientists and other technical experts

All of the above plus:

Research and development funding bodies
Universities and other education institutions

•

Source of people able to provide peer review of
river restoration proposals and projects

•

Data to identify priorities for research and
development in river restoration, and to enable
synthesis of scientific knowledge

•

Repository of links to peer-reviewed literature
related to river restoration

•

Support for teaching courses on river restoration
through access to a database of ‘real life’ projects

General community (taxpayers)
Media

Information about what works and what doesn’t to
help plan and implement a successful river
restoration project and to build confidence

All of the above plus:
•

Demonstration of benefits and returns from
investment in river restoration

•

Source of stories about river restoration activities
for broader public interest

The benefits of the ARRD, as outlined in Table 1, have been further confirmed through extensive
consultation. We contacted a selected range of river managers, policy makers, and scientists (see
Appendix A). All were highly supportive of the development of such a database, and together
identified several crucial features they considered as essential to fulfill the functions listed in Table 1:
•

The database should not attempt to record all possible information about each project, otherwise
it will become too complicated for users. The key is to provide enough quality information with
contacts or links so that an interested user can follow up if they want further detail. In other words,
a type of triage approach is favoured.

•

The database needs to be managed to ensure a basic level of monitoring and evaluation is the
minimum for a record to be entered.

•

The key pieces of data sought by users are: geographic location and river type (‘Is this project
relevant to me, my river or my project?’); objective(s) of the project (‘Is it relevant to my
interests?’); methods used (‘Can I learn something from this project’); contact details, links or
additional information about this project (‘Where can I find out more?’). If possible ‘before and
after’, photographs would provide useful information, and they can be inexpensive to collect.

•

The database needs to be searchable for the categories of location, river type, project objectives,
and methods used. It could be made available over the Internet and through an up-to-date CD or
DVD-ROM. It needs to be widely accessible to all potential users.
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•

The database needs to have recorded the outcomes of the project, whether targets were met,
and what was learned both practically and ecologically (this assessment may need independent
verification).

•

The database software needs to be accessible by common operating systems that its users have
already, and its structure should be capable of further expansion if new categories of data are
required in the future.

•

Two models were considered for data entry. One approach was for organisations to be able to
enter their own project data, and for all new entries to be checked within a set period (for
example, four weeks) by the database manager for verification and to check accuracy and
completeness, and to seek further information where fields were left blank. The alternative was
for staff of the database manager to contact each organisation with a river project to seek the
information required and to enter it onto the database themselves. Most respondents considered
the latter (the NRRSS has used this approach) to be more expensive but ultimately more efficient.
The critical issue is to maintain a high level of quality control to ensure the consistency of data
(and in interpreting categories) and its reliability. It was felt that once the initial data were entered
into the database that people outside of the host institution could be trained to input information.
However, the point was made that unless those people were paid to undertake this work, it would
be unlikely to occur because it would be an add-on to existing responsibilities.

•

Although it was recognised that data about past river restoration projects are often patchy and
poorly recorded, an effort should be made to capture on the national database whatever is
available, otherwise much of this information is lost to future use. Data need to be entered onto
the national database, completing as many data categories as possible through transcription of
records and follow-up enquiries. Links need to be established to state and catchment databases.

•

It was generally believed the database was necessary as many on-ground, demonstration and
research projects relating to river restoration are poorly recorded, even within their host institution.
The proposed database could (if records are timely) add considerable value by capturing at least
the basic data about this work so that others can be aware of it at the time, and revisit the site
after its completion and when long-term effects may be more apparent.

•

Once the database is established, there needs to be a requirement that all Australia, state and
territory government bodies and regional, catchment, academic and non-government bodies
ensure that, as a condition of funding, all future river restoration projects are recorded in the
national database.

•

There is a need for the ARRD to be at ‘arms length’ from any single organisation that might have
a direct pecuniary or political interest in the data, leading to the proposal that a university or selffunding non-profit organisation should be the manager. There is also little point in establishing the
database if ongoing funding (beyond two years) is not secured.

We believe that the comments made by respondents and outlined above, set the broad parameters
for the establishment of the ARRD.

2.3 Proposed content
In developing the content for the ARRD, consideration was given to the need for as much detail as
possible, but not overly complicating the data required as this impedes use and functionality. There is
a tension, therefore, between detail and ease of use that has been taken into account in the proposed
data categories presented in Table 2.
The people who participated in this study were asked to review and comment on a draft set of ARRD
data categories, and their feedback incorporated into the template for the ARRD data categories
provided in Table 2.
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Table 2: Data categories proposed for the ARRD
Category

Components

ARRD IDENTIFIER CODE

Unique project code based on NRM (natural resource management)
region, objective, expenditure level, date of data entry

PROJECT TITLE

Name of project

KEY WORDS

Derived from project location, river type, objectives and methods (see
below) and used as part of search facility

PROJECT CONTACTS

Name of managing organisation
Name of project contact person
Phone, fax, email, website
Project dates (start and completion)

SOURCES OF PROJECT
DATA

State source(s) of data for this project entry (e.g. written proposal or
report, website, transcribed from telephone conversation)

LOCATION

State/Territory *
Drainage Basin *
NRM region *
Catchment or subcatchment *
GPS coordinates, using the Mapping Grid of Australia,
Nearest town of more than 5000 people
River name
* linked to map of Australia – possibly using GoogleEarth or GoogleMap –
add a site.kml

OBJECTIVES

Aesthetics, recreation, education
Bank stabilisation
Channel reconfiguration
Dam removal or retrofit
Fish passage (removal and circumvention of barriers)
Floodplain reconnection
Flow modification
In-stream habitat improvement (including installation of large woody
debris)
In-stream species management
Land acquisition
Riparian management (including fencing, controlled livestock access, offstream watering)
Stormwater management
Water quality management
Control of exotic species
Restoration of longitudinal connectivity
Appendix B provides detailed definitions of different river restoration
objectives

RIVER
CHARACTERISTICS
(relevant to project site)

River type, such as FORESTED headwater stream, confined river valley,
lowland open floodplain river, channel country river, or ephemeral stream
or creek
Catchment area upstream of the project (in square kilometres)
Strahler stream order at project reach or location
Bankfull discharge (in cubic metres per second)
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Category

Components
Stream gradient (using 1:100,000 map)
Type
Special site characteristics, such as outer meander bend, knick point; a
description is to be included

OUTPUTS and
OUTCOMES

Was monitoring (especially for ecological outcomes) undertaken to assess
whether project objectives were achieved (Y/N)

Requires:

Pre-restoration sampling or survey of project site (Y/N)

•

yes/no answers

•

lists

Outputs: measured by, for example, number of trees planted, number of
kilometres fenced, number of field days run, refereed publication (please
list)
Outcomes: measured by, for example, reach water quality targets,
increased fish numbers and diversity, reduction in bank erosion, increase
in skills of local community to undertake river restoration (please list)
Photographic record (Y/N)
Was evaluation undertaken to assess whether project objectives were
achieved (Y/N

COMMUNICATIONS

Written reports and articles (Y/N, links to reports)

Requires:

Peer reviewed publications (Y/N, links to publications)

•

yes/no answers

Website (Y/N, link)

•

links

Field days (Y/N, link to reports, presentations, photographs)
Workshops/skills development (Y/N, link to reports, presentations,
photographs)
Use of local champions and advocates (Y/N, link to testimonials)
Oral/local histories (Y/N, link to records or full citation)
Other community events/celebrations (Y/N, link to records of events)

RESOURCES

Total funds in Australian dollars expended on project (if possible give a
breakdown of percentage spent on different activities, for example onground works, education, public awareness, monitoring and evaluation)
Funding sources (provide names)
Estimated $A value of in-kind contributions of participants
Number of years funded and project duration
Year the project was completed (for monitoring and evaluation purposes)

ADDITIONAL
INFORMATION

Reports and anecdotal information on unexpected challenges and events
(and how they were dealt with)

(answer Y/N and provide
links or upload docs)

Lessons learnt (what would be done differently next time)
Background reports and baseline data (not necessarily funded by existing
project)
Design options, works reports, details of method (for example, rock riprap,
vegetation species)
Links to website
Uploading of reports, photos, newsletters
PDFs of related journal articles
Links to similar projects and collaborating organisations

Points to note include:
•

It covers the key topics identified by potential users.

•

It is recognised that, for most projects, not all data categories can be completed: the crucial
categories are location and river type, objectives and methods, contacts, and the list of further
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information available. The database will be searchable using keywords drawn from the first four of
these categories.
•

Only projects that have explicit objectives for river restoration, include some form of on-ground
works, and can provide at least basic data for the location, objectives and methods categories,
will be included on the ARRD.

•

Assessment of the success or failure of the restoration activities is included.

•

A single project may have more than one objective and use more than one restoration method.

•

There are deliberate choices in some categories, for example location, where the aim is to
capture the highest level of detail but not necessarily to complete all subcategories.

•

It is intended that the location categories will be linked to a mapping application so that it is
possible to select a natural resource management region on a map of Australia, and the database
will then show all projects located in that region.

•

The outputs and outcomes category aims to uncover the extent of monitoring and evaluation
carried out or intended, while ‘Resources’ is intended to provide a sense of the scale of the
project without seeking too much detailed information.

•

Communications and information categories try to record (and to supply if possible) whether and
where further details can be obtained.

•

It will be necessary for people who are going to input or check data into the ARRD to receive
training in the use and differentiation of some subcategories, and for periodic checks of the
consistency of data and of the subjective judgements that must sometimes be made

Appendix C provides two examples of ‘real life’ projects that have been entered into the ARRD.
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3. The United States’ National River
Restoration Science Synthesis
(NRRSS)
In August 2002, a team of scientists and river advocates in the United States met through a common
interest in improving the science, practice and social uptake of river restoration. This formed the basis
of the National River Restoration Science Synthesis (NRRSS) that was designed to provide a model
to evaluate the science from these investments. The aim of the NRRSS was to provide a
national-level synthesis that can be used to inform policy at local, regional, and national levels.
Drawing on existing local and regional restoration databases and projects, NRRSS analyses the
extent, nature, scientific basis and success of stream river restoration projects. The information is
presented in a way that is useful to scientists, restoration practitioners, and those making policy
decisions on what kinds of projects ought to receive priority for funding and implementation.
The first goal of the NRRSS was to compile a database of river restoration projects from across the
United States of America (USA). This was a necessary first step, as there were no comprehensive
federal databases tracking river restoration efforts. The lack of any organised effort to catalogue the
results of restoration spending meant that it was previously impossible to answer the most basic
questions about restoration such as: How much is being spent on restoration? How do restoration
efforts vary regionally? What types of restoration activities dominate nationally?
In the first two years of the project, records were compiled for around 37,000 restoration projects
across the USA during the period 1990 to 2003. Most of these projects had been conducted in the
past decade, with their value being more than US$10 billion. The numerically dominant projects
across the USA are riparian management, water quality management and bank stabilisation projects,
yet because these projects are typically small in scale, the highest proportion of restoration funds was
spent on channel reconfiguration, flow modification and floodplain reconnection. We do not know the
situation in Australia, and an audit of this nature would reveal important information about what is
being done along our rivers and the impact this is having on a range of different indicators
(biophysical, economic and social).
The NRRSS is now at the end of a second phase that involves phone surveys with project managers,
asking questions about planning, design, implementation and monitoring, to evaluate a subset of
projects within the database. Information gathered from this process will be used to answer questions
about the process of stream restoration such as: How are sites chosen? How much maintenance is
done on projects? How is monitoring data used in the evaluation of projects?
5

According to Associate Professor Emily Bernhardt, who initially co-lead the NRRSS project, the initial
NRRSS data were obtained from a large variety of sources on a federal, state, and local scale, and
included funders, designers, implementers, and regulators. As a result, duplication of some projects
within the database was considered inevitable. To remove duplicate projects, the data were sorted by
location information and the project team looked for projects with the same name, stream, area,
completion year and intents. The fact that many projects could have had multiple phases or adjacent,
follow-up projects, meant that only the obvious duplicates were removed.
Validation was the next issue to be considered. Professor Bernhardt considered creating a complete
database of all stream restoration projects in the USA was not a realistic goal. Some data held by
private consultants and engineering companies were not readily available, and some agencies were
not willing to provide full access to their own datasets. In light of these constraints, a practical goal
was set to develop a database that was representative of the goals and variability of stream
restoration activities within seven main geographic regions.
5

This detail is taken from the paper ‘Synthesizing U.S. river restoration efforts’, by ES Bernhardt et al. (2005), and
supporting documents
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Validation of the database was done separately for each region. Data were summarised by cost,
proportion monitored and intent categories, as well as geographically, on a county or watershed
scale. These summaries, along with a list of data sources used, were submitted to ‘stream restoration
experts’, who were people that ‘knew’ about stream restoration for a particular region and who had
not been involved directly in the overall data gathering for that region. These people were asked to
assess the completeness of data sources accessed, and the representativeness by location and
intent category of the NRRSS database for their particular region. Experts who saw weakness in the
completeness or representativeness of the data were asked to provide suggestions of further data
sources or contacts that the working group members could follow up to complete the database. In
some cases, this added only a few projects in a particular location or intent category, while in other
cases, new, large databases were added.
Interrogation of the NRRSS database developed so far showed that the number of river restoration
projects in the USA has increased exponentially during the past decade. However, restoration efforts
varied across geographic regions. Most project records (88 per cent) were from the Pacific Northwest,
the Chesapeake Bay watershed and from California. Data from national coverage sources related to
other regions made up less than 8 per cent of projects in the NRRSS database. It was clear that,
while federal funding supported some tracking efforts, national restoration databases were not
including the majority of projects.
The most commonly stated goals for river restoration in the United States were (i) to enhance water
quality, (ii) to manage riparian zones, (iii) to improve in-stream habitat, (iv) for fish passage, and (v) for
bank stabilisation. Projects with these goals were typically small in scale, with median costs of less
than US$45,000. A large proportion of restoration dollars is spent on fewer, more expensive projects
aimed at reconnecting floodplains, modifying flows, improving aesthetics or recreation, and
reconfiguring river and stream channels. Of the projects in the NRRSS database, 20 per cent had no
listed goals; in many cases, descriptions were too limited to determine whether projects were
undertaken to restore stream ecosystems or were merely river manipulation projects (such as bank
stabilisation). About one third of the records in the database do not include project cost information.
Less than 10 per cent of project records indicated that any type of monitoring or assessment had
been carried out, although this varied from region to region (between 6 per cent and more than 20 per
cent) and with project size. The more expensive projects were, as would be expected, more likely to
have some form of monitoring included. It is likely that the records collected initially into the Australian
database will be similarly patchy in their coverage and information content. The relative costs of
different types of river restoration project in the NRRSS database are shown in Table 3.
Professor Bernhardt et al. (2005) concluded:
Because most project records were inadequate to extract even the most rudimentary information
on project actions and outcomes, it is apparent that many opportunities to learn from successes
and failures, and thus to improve future practice, are being lost. The largest and most costly
programs have recognised this problem and have enacted solutions. Unfortunately, the outcomes
of most of the tens of thousands of projects of small-to-modest size are currently not adequately
tracked, yet cumulatively, their costs are greater, and their reach is far broader. Much greater
effort is needed to gather and disseminate data on restoration methods and outcomes,
particularly given the magnitude of costs. It is unrealistic to expect that every restoration project
will have extensive monitoring activities, but strategic pre- and post-assessments with
standardized methods could enable restoration practitioners and managers to understand what
types of activity are accomplishing their goals. Ensuring data compatibility in the tracking of
restoration projects and the documentation of results from project evaluations are equally
important. To facilitate this effort, the NRRSS database structure and schema are freely available.
Bernhardt et al. (2005) describe the NRRSS database software as LAMP, an acronym for (Linux,
Apache, MySql, Perl/PHP/Python). LAMP is based on open source software and as such is nonproprietary. This software is said to be not only highly reliable, but is less prone to security problems
than some of the proprietary software available. Linux is the operating system utilised by NRRSS. The
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two types of Linux that were utilised by NRRSS were first Mandrake Linux and then Suse Linux. Linux
is freely distributed and its functionality, adaptability and robustness are said to have made it an
excellent alternative to proprietary Microsoft operating systems.
Table 3: Median costs for different types of projects recorded in the NRRSS
NRRSS goal category

Median cost US$

Examples of common restoration activities

Aesthetics, recreation, education

$63,000

Cleaning (such as trash removal)

Bank stabilization

$42,000

Revegetation, bank grading

Channel reconfiguration

$120,000

Bank or channel reshaping

Dam removal or retrofit

$98,000

Revegetation

Fish passage

$30,000

Fish ladders installed

Floodplain reconnection

$207,000

Bank or channel reshaping

Flow modification

$198,000

Flow regime enhancement

In-stream habitat improvement

$20,000

Boulders or woody debris added

In-stream species management

$77,000

Native species reintroduction

Land acquisition
Riparian management
Stormwater management
Water quality management

$812,000
$15,000
$180,000
$19,000

Buy-back
Livestock exclusion
Wetland construction
Riparian buffer creation and maintenance

Apache, which is also open source software, is the web server being used by NRRSS. The Apache
web server is more widely used than all other web servers combined, accounting for 67 per cent of
the web sites on the Internet as of October 2004. Software utilised by NRRSS on this Apache web
server was HTML (HyperText Markup Language), JavaScript and CGI (Common Gateway Interface).
CGI is the standard for interfacing external applications with information servers, such as HTTP or
web servers. One of the external applications employed was Perl (Practical Extraction and Report
Language). MySql was the relational database used by NRRSS, and it is the world’s most popular
open source database with more than five million active installations. MySql is considered by the
NRRSS to provide the following advantages:
•

reliability and performance

•

ease of use and deployment

•

freedom of platform lock-in

•

cross-platform support

•

millions of trained and certified developers.

Perl is the last software component of LAMP used for the NRRSS. Perl uses two software packages
for the database: Perl DBI (Database Interface) and Perl DBD (Database Drivers) for MySql. LAMP is
a solid and reliable web platform that provides the environment for both the development and
deployment of high performance web applications. As a result of LAMP, the NRRSS database can
readily be provided to any organisation free of charge simply by that organisation adopting the use of
these open source software tools that are readily available.
For the ARRD, the key criteria for selection of the most suitable software are: ease of access by the
database users, and an ability to search the four crucial categories nominated by potential users
(location and river type, objectives, methods, and contact details). MS Access is a readily-available
commercial database that is totally compatible with MS Excel. Access has had extensive uptake
across a range of government and private organisations.
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4. An Australian River Restoration
Database
In considering the establishment of the ARRD it is important to assess the information that is currently
available on river restoration activities. To do this, a range of organisations were contacted, asked to
send samples of their databases, and to describe the processes and structures they had in place to
manage, store and retrieve river restoration data. Overall, the findings from this process were
consistent with Brooks and Lake’s (2007) work that used the NRRSS framework to assess restoration
project data from four catchment management authorities (North Central, Goulburn–Broken,
Corangamite and Melbourne Water). Brooks and Lake (2007) found data were patchy, inconsistent,
held in a variety of institutions, were non-transferable between organisations, and were largely
inaccessible.

4.1 What data are available?
In discussions with people from many different institutions, it is clear that while there is information
available about river restoration projects, it is retained in a mix of project management systems, paper
files (in compactus and archives), and (unfortunately) in people’s heads. There is no centralised,
coordinated repository of information about river restoration. Though there are many project,
knowledge, or record management systems, they tend to be unique to the organisation that set them
up. Most research project management systems concentrate on meeting contractual obligations, so
they focus on milestones, financial reports and project timeframes. The few databases that enable
detailed project descriptions have tended to develop into overly complex frameworks that are not
easily transferable beyond the few people that use the system on a regular basis.
Some data are currently collected at a national level through programs such as the Natural Heritage
6
Trust and National Action Plan on Water Quality and Salinity. The data are publicly available, but
they are at a broad scale, and including details about:
•

project title

•

funding program name

•

state

•

organisation undertaking the work

•

project identifier

•

project description (usually a single paragraph)

•

funding

•

total Australian Government funding

This information is available over the internet at <http://www.nrm.gov.au.cgi-bin/projects>, and
anyone can access a list of projects in their state or territory, with details of the group that undertook
the specific project. There are two different ways project information is presented:
1. as a project outline that is descriptive and colloquial in style, for example:
<http://www.nrm.gov.au/projects/act/2006-04.html>
2. as a short, succinct project summary at a coarse level, for example:
<http://www.nrm.gov.au/cgibin/projects/view_project_info.pl?commonwealth_id=48856>.
This information could be a starting point for entering information into the ARRD; however, the detail
of what was actually undertaken in the project (both objectives and methods) would need to be
determined with the group that did the work. This would necessitate examining paper files (these data
6

It should be noted that there are only limited data collected for outcomes on Natural Heritage Trust projects
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are available on applications and milestone reports) and talking to the people in the region
responsible for the project. This need to review paper files is consistent across all the organisations
consulted and databases reviewed as part of this project.
Table 4 provides an overview of the river restoration data currently available throughout Australia
including local, state, regional and national levels, based on the discussions possible within the limited
resources of this project. It describes a representative sample of the information held by different
institutions, and provides a general picture of what river restoration data are currently available within
Australia.
Table 4: Sources of data about river restoration projects in Australia
Organisation

Types of data held

National
National Land and Water
Resources Audit

Does not have river restoration project data, concentrating on large-scale,
spatial information. Has knowledge that could assist with type of database
software to use in the ARRD that is compatible with other states and
territories.

Murray-Darling Basin
Commission (MDBC)

The MDBC is undertaking river restoration activities through The Living
Murray initiative, with many research projects. MDBC uses a project
management system that tracks progress via the milestones as laid out in
the contract. The information that is in the system is quite coarse;
however, the system data with the paper file of the research project would
provide sufficient detail to complete the data categories in the ARRD.

Department of Agriculture,
Fisheries and Forestry

National data exists on Rivercare, Landcare and other NHT\NAP funded
projects. However, data are at a very ‘coarse’ level—name of project, how
much it cost, key objectives. These data are available through the Mosaic
Map <http://www.nrm.gov.au/cgibin/projects/get_nht_region_data_from_pa.pl?nht_region=act>. For use in
the ARRD, these projects would be the first point to find out what has
been undertaken and where. The next step would be to access the
original application and any later project reports, and then contact the
group responsible for undertaking the project and work with them to
complete the data categories in the ARRD.

Department of Environment
and Water Resources

The department is developing a data management system facility through
a distributed model, providing a single framework for data and information
as a ‘one stop shop’ for ecosystem data and compatible with the
Australian National Data System.

NRM Toolbar (a Natural
Heritage Trust Initiative)

Other data available nationally to support river restoration are provided
through the NRM Toolbar <http://www.nrmtoolbar.net.au/search_sites>.
This toolbar searches for information across a range of databases and
websites at both national and regional levels (Australian Agriculture and
Natural Resources Online (AANRO), National Bibliographic Database,
Australian Spatial Data Directory, NRM websites, Livestock Library). The
NRM Toolbar also provides people with access to evidence databases:
these are collections of anecdotal information around a particular topic,
and they work a bit like communities of practice. Decision-support tools
and other links are provided to assist people working in the regions to find
NRM information. This project is a great initiative; however, it is a portal to
existing databases and information sets, and when you type in ‘river
restoration projects’ the toolbar links you to a list of publications and
reports. This is not really a list of activities underway in the country, more
a resource list for reading about different aspects of river restoration
projects. Most of the information seems to be drawn from the AANRO
database. When the ARRD is established it can be linked to the NRM
Toolbar and could work with this group to ensure it was compatible with
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Organisation

Types of data held
the databases already in use by NRM professionals.

Land & Water Australia (LWA)
(now disbanded)

Land & Water Australia invested in fourteen riparian restoration
demonstration and evaluation projects in the 1990s. The reports of these
projects are all available at <http://www.rivers.gov.au>, and these would
enable some of the data categories for the ARRD to be completed.
However, the bulk of the information needed would have to be transcribed
from paper files. LWA invested in research to support, rather than directly
undertook, river restoration activities. LWA used a project management
system that tracks progress via the milestones as laid out in the contract.
The information that is in the project management system is quite coarse,
although it was becoming more detailed with the ability to attach pdfs of
reports and milestone reviews. The project management system with the
paper file of the research project would provide sufficient detail to
complete the data categories in the ARRD.

National Water Commission

The Australian Government Water Fund (the Fund) is a $2 billion
investment in water solutions for current and future generations. The Fund
is a major investment by the Australian Government in water
infrastructure, improved water management, and better practices in the
stewardship of Australia’s scarce water resources. It will create
opportunities for industries, for investment and for jobs while at the same
time protecting and restoring our environment. The Fund comprises three
programs—the $1.6 billion Water Smart Australia program, the $200
million Raising National Water Standards program and the $200 million
Community Water Grants program. The Community Water Grants
program was extended by $200 million in the 2007–08 Budget. The
National Water Commission has developed Australian Water Resources
2005 (AWR 2005), previously known as the baseline assessment of
Australia’s water resources, in accordance with its requirements to
undertake a baseline assessment of water resources under National
Water Commission Act 2004. The data collected are designed to be
compatible with the Australian National Data System.

CSIRO

The CSIRO has undertaken many restoration projects. Typically, these
have been at a project level with little central data storage.

Bureau of Resource Sciences

The Bureau of Resource Sciences does not undertake river restoration
projects, rather it provides research into factors that can support river
restoration activities. The Bureau has a project management system and
this, with the paper file of the research projects, would provide sufficient
detail to complete the data categories in the ARRD.

Greening Australia

The River Recovery program is managed by Greening Australia in each of
its jurisdictions. There is no central coordinating database for river
restoration activities, as each jurisdiction has its own project management
system. The most progressive and detailed of these is the ACT and SE
NSW Greening Australia group that has a River Recovery database with
similar components to the proposed ARRD. There was an attempt by the
national office of Greening Australia to develop the ACT and SE NSW
database so that it could be used nationally; however, this failed to
eventuate as people in the other jurisdictions felt that the database was
too complicated and took too long to enter the information. In discussions
with Greening Australia staff, they strongly supported the ARRD being
managed by a group of people who entered, managed and maintained all
the data.
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Organisation

Types of data held

States and territories

Each state and territory has its own project management system. These
systems tend to be unique to that state or territory and not easily
transferable. As a general rule, the data that are collected on river
restoration activities are, at a broad level with the detail of the project,
remaining with the group that undertook the work. States and territories
comply with Australian Government reporting requirements for river
restoration projects, and they can provide ‘high level’ data about where
activities are undertaken, who did the work, what are the objectives, and
cost. As with the national level datasets, these state and territory project
management systems would be the first point at which to find out what
river restoration activities have been undertaken, with paper records then
used and a connection made to the group that did the work for the more
detailed parts of the ARRD to be completed.

New South Wales, South
Australia, Queensland, ACT

As above

Tasmania

The Tasmanian Government has a new project underway called the NRM
Data Library. This project is seeking to establish a new set of databases
with greater level of detail about river restoration and other activities.
However, it is only in the initial stages and the first step is to load existing
databases before considering the development of new ones.

Northern Territory

The Northern Territory Government has established a new Waterbase
<http://www.ntlis.nt.gov.au/waterbase/>. This is going to be a very useful
database of detailed information about river restoration activities.
However, it is currently under development and there is no data loaded in
to it at this stage.

Western Australia

Western Australian undertakes ‘foreshore condition assessments’ to
monitor change over time in river and riparian restoration activities. These
assessments have been made available to staff through a web portal
<ftp://ftp.water.wa.gov.au/>. It is a static repository of information with the
assessment scores for different rivers.

Victoria

In 2001, all catchment management authorities began using the
Catchment Activity Management System (CAMS). The implementation of
CAMS has taken some time, and as most of the authorities have stopped
developing their own databases in anticipation that this can go into
CAMS. CAMS provides a web browser interface to a central database
that tracks the budget process and on-ground works, as well as any
monitoring and assessment for projects conducted by the catchment
management authorities, the Victorian Department of Sustainability and
Environment, and the Department of Primary Industry. The system
provides management functions to track project progress from a funding
application through to implementation and assessment of the project
objectives. To access the data contained within CAMs, a log in with a
secure password is required. In the Brooks and Lake (2007) review, they
commented that CAMs should rectify many of the problems of poor data
management. Data from CAMs will be directly transferable into the ARRD.
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Organisation

Types of data held

Catchment management

Each catchment management authority and natural resource

Authorities/Natural Resources

management board has its own project management system. These

Management Boards(examples

systems tend to develop over time, and they reflect the knowledge of the

only)

responsible person in the organisation. The data that are collected on
river restoration activities are at a broad level, the detail of the project
remains with the group that undertook the work, and data are also on
paperfiles. Catchment management authorities and natural resource
management boards comply with Australian Government reporting
requirements for river restoration projects and can provide ‘high level’
data about where activities are undertaken, who did the work, what are
the objectives, and cost. As with the national level datasets, these project
management systems would be the first point at which to find out what
river restoration activities have been undertaken, with paper records then
used and a connection made to the group that did the work for the more
detailed parts of the ARRD to be completed. It is important to note that
there is considerable diversity amongst project and record management
systems. Whilst the information on river restoration activities is available,
it is most likely to be located in a mix of computer and paper files and in
people’s heads.

South-east Queensland
Catchment

The South-east Queensland catchment has one of the more-developed
systems, but it only lists projects in a PDF document. There is limited
detail provided apart from brief description, funding and who is involved.
<http://www.seqcatchments.com.au/pdfs/SEQC_project_summary.pdf>

Victoria

See the above description of CAMs.

Research

In discussions with academics from a range of institutions, it seems that

institutions/Databases

there is little in the way of central databases that move beyond capturing
basic project information, and this is primarily for reporting back to funders
on project management arrangements. As has been mentioned
previously, project listings in research or contract management databases
would be the first point at which to find out what river restoration activities
have been undertaken. The link to the departments and scientists who did
would then need to be made to complete the more detailed parts of the
ARRD.

Monash University, University
of Melbourne/ University of
Western Australia
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The summary above is supported in discussions with researchers at
several universities. Each institution tends to have its own set of
databases that are designed for that organisation alone, and are not
linked or easily accessed by external users. Research projects in
universities are often funded by a range of different agencies, so the
reporting requirements vary. In general, universities will only keep the
information necessary to meet contractual requirements on any kind of
main database, with detailed project information in paper files, reports,
refereed journal articles and in the heads of those involved. Generally, in
universities, restoration projects are written up as reports to funding
partners, scientific publications, or delivered as conference papers.
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Organisation

Types of data held

Public Utilities

There is a range of organisations managing water for the ‘public’,
including Melbourne Water, Sydney Water, Goulburn-Murray Water. Most
of these organisations have a department that manages river and riparian
frontages, and it is these departments that are likely to undertake river
restoration activities. As with all the other categories of institutions
discussed here, databases are developed that are generally unique to
that organisation, with data collected at a range of different levels of
detail.

Melbourne Water

Melbourne Water has a large stream-frontage restoration program, and
this program has a detailed Microsoft Access database. The organisation
at one time had many separate Microsoft Access databases as each
division and area would create a new one to manage their projects.
Currently, Melbourne Water is investing a significant amount of money in
getting all of its databases ‘talking’ to each other and sharing information.
It is hoped that the new database will be able to merge data from the
relevant sections, such as River Planners, Stream Frontage, Community
Liaison, into the one repository of information.

Local government

Most local government projects are involved with on-ground works with
little built-in evaluation. Data are stored predominantly with individual
environmental officers, rather than being in databases that can be easy to
access and share between institutions.

River restoration activities in Australia, if and when they are recorded, are being done so in a variety
of ways that are often unique to the organisation or individual conducting the project (Table 4). There
is no national, centralised, coordinating reference point for any of these projects. There is limited
sharing of information and experience, because there are no easily accessible systems to enable this
to happen. This situation counters every effort in Australia to establish projects with ongoing long-term
sustainability as their objective: without making publicly available the efforts being undertaken to
restore our rivers, we are not learning from our successes or failures. This means we cannot add
value to existing projects, and instead are constantly reinventing small two-to-three-year projects that
generally fail to meet their objectives because goals are overly ambitious, staff turnover is high,
corporate memory is lost, and local communities are ‘burnt out’ by the churn of different government
programs and people. This is emphasised by restoration projects with worthwhile ecological outcomes
7
that may require more than 20 years. The establishment of the ARRD would fill a gap in our existing
natural resources management environment, providing a consistent, easily accessible and reliable
source of information about what is being done across the country in river restoration—what has and
hasn’t worked. It could also form the basis upon which ‘ask an expert’ and other advisory and support
services be established.

7

The challenge for long-term evaluation of projects is for ecologists to devise relevant, sensitive indicators that can
(cheaply) be assessed over long timeframes.
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5. Summary
This scoping project has demonstrated a strong need for a national and readily-accessible database
on river restoration projects and their successes and failures in Australia. Table 1 lists the potential
users for the ARRD and the ways that they might use it. The potential users we contacted (see
Appendix A) strongly supported the need for such a database, and described its key features as
follows:
•

sufficient information, that can be quickly searched electronically, to enable users to identify
records and projects of interest to them, together with contact details, reports and links that
enable them to obtain further information

•

crucial information categories are: geographic location and river type, ‘before and after’
photography, project objectives, methods used, contact information and further details. Projects
for which even this basic information is lacking should not be included on the ARRD

•

an assessment of the success or failure of the restoration project

•

data from completed (past) projects should be captured, and the database must be dynamic and
capable of continued development (for example, so it can be extended to include wetlands) as
needs and data changes. It is recognised that records can provide valuable data even when not
all categories can be completed

•

the database must be searchable on the four key categories and available through the Internet
and an up-to-date CD-ROM; it should use software that users can access using their own
computer systems

•

to ensure data accuracy and consistency, initially at least, all data should be entered by staff of
the database’s host institution. Later consideration could be given to training external users to add
their own data with host checking for quality control.
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7. Appendix A: People contacted for input
Name

State/Territory

Organisation

Mathew Silver

National

Knowledge for Regional NRM

Nerida Hart

National

Knowledge for Regional NRM

Jim Donaldson

National

Land & Water Australia

Nadeem Samnakay

National

Land & Water Australia

Kirsti Sampson

National

Greening Australia

Dave Carr

National

Greening Australia

Christine Burke

National

Agriculture Fisheries Forestry Australia

Jill Brown

National

Agriculture Fisheries Forestry Australia

Jerry Maynes

National

Agriculture Fisheries Forestry Australia

Jennifer Martin

National

Department of Environment, Heritage and Arts

Denise Fowler

National

National Land & Water Resources Audit

Martine Franco

National

National Land & Water Resources Audit

Sam Nelson

National

Bureau of Resource Sciences

Sally Hunt

New South Wales

Rivercare Facilitator/Commonwealth

Darren Ryder

New South Wales

University of New England

Nathan Penny

New South Wales

Namoi CMA

Verity Klemm

Western Australia

Department of Water

Clare Taylor

Western Australia

Rivercare Facilitator/Commonwealth

Simon Abbott

Western Australia

Department of Water

Andrew Brooks

Queensland

Griffith University

John Amprimo

Queensland

Department of Natural Resources and Water

Brad Lewis

Queensland

Rivercare Facilitator/Commonwealth

Klynt Oberto

Queensland

Brisbane City Council

Michael Schultz

Australian Capital Territory

Rivercare Facilitator/Commonwealth

Lori Gould

Australian Capital Territory

Greening Australia

Angela Cassies

Australian Capital Territory

Greening Australia

Imogen Birley

Tasmania

Rivercare Facilitator/Commonwealth

Michael Askey-Doran

Tasmania

Department of Primary Industry and Water

Amy Jansen

Tasmania

Amy Jansen Consulting (researcher)

Chris Bobbi

Tasmania

Department of Primary Industry and Water

Chris Cleary

Tasmania

Department of Primary Industry and Water

Todd Baker

Tasmania

Department of Primary Industry and Water

Pamela Robinson

Victoria

Rivercare Facilitator/Commonwealth

Paul Boon

Victoria

Victoria University

Jon Leevers

Victoria

North Central CMA

Jarod Lyons

Victoria

Arthur Rylah Institute

Sam Lake

Victoria

Monash University

Ian Rutherfurd

Victoria

Melbourne University

Jan Smith

Victoria

Melbourne Water
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Name

State/Territory

Organisation

Helen Campbell

Victoria

Melbourne Water

Wayne Tennant

Victoria

Goulburn-Broken CMA

Russell Willing

Northern Territory

Rivercare Facilitator/Commonwealth

Ian Dixon

Northern Territory

Charles Darwin University

Michael Douglas

Northern Territory

Charles Darwin University

Paul Francis

South Australia

Rivercare Facilitator/Commonwealth

Sarah Kuchel

South Australia

Murray NRM Board

Brian Lawrence

Murray-Darling Basin

Murray Darling Basin Commission

Jody Swirepik

Murray-Darling Basin

Murray Darling Basin Commission

Michael Wilson

Murray-Darling Basin

Murray Darling Basin Commission

Robin Johnson

Murray-Darling Basin

Murray-Darling Basin Commission
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8. Appendix B: Definitions of river
restoration objectives
Definitions to be used when entering data into the ARRD
ARRD project objective

Definition

Conserve or increase recreation, cultural or
aesthetic values

Activities whose main purpose is to increase community value
(through use, appearance, access, safety, or knowledge), or
to conserve cultural heritage both Indigenous or nonIndigenous, or to maintain and enhance natural and aesthetic
value

Bank and bed stabilisation or channel
reconfiguration

The objective is to reduce or eliminate erosion or slumping of
bank material into the river channel. Channel reconfiguration
means alteration of channel plan form or longitudinal profile,
and it includes stream meander restoration and in-channel
structures that alter the thalweg of the stream. The primary
intent in this category is geomorphic or hydraulic, not
ecological. This category DOES NOT include ‘Flood or
stormwater management’ (see below)

Improved water quality

The protection of existing water quality, or changing the
chemical composition or the suspended particulate or other
contaminant load. Remediation of both point and diffuse
sources of contamination belong here. The emphasis is on
quality, not quantity

Dam removal

The objective is to re-establish the natural flow regime. To
also remove barriers to fish migration

Stock management

The purpose is to better manage or alter the access of
domestic stock to a waterway or its riparian areas, including
management of the season, duration or intensity of grazing

Riparian management

The riparian zone exerts a major control over in-stream
ecological health. Management includes fencing, control
access points and revegetation activities

Pest and weed management

Control (and possibly elimination) of pest plants or animals
within or along a waterway

Conserve or increase in-stream habitat,
including replacement of wood

Increased habitat availability and diversity for target organisms
and provision of breeding habitat and refugia from disturbance
and predation, often through alteration of structural complexity
of aquatic habitat. It is important to be clear here about the
objective (purpose or intent) rather than the method or activity
used

Fish passage or other conservation of
aquatic biota

Improved upstream and downstream migration of fishes and
other aquatic organisms, and prevention of undesirable
species from accessing upstream areas. Methods used
include the physical removal of barriers such as weirs and
also construction of alternative pathways and using migration
barriers placed at strategic locations along streams. Includes
practices that directly alter aquatic native species distribution
and abundance through the addition (stocking), translocation
of animal and plant species, or removal of exotics. Excludes
physical manipulations of habitat and breeding territory and
other measures such as replacement of wood, which are
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ARRD project objective

Definition
instead included in ‘Conserve and increase in-stream habitat’

Floodplain and wetland inundation

Practices that increase the flood frequency of floodplain or
wetland areas or promote flux of organisms and material
between riverine and floodplain or wetland areas

Capacity building
(such as local community, researchers)

A primary purpose is to engage interest, develop awareness
and build skills and confidence in planning, implementing,
evaluating, or researching an aspect of river restoration

Conserve and increase terrestrial habitat or
biota

Increased habitat availability and diversity for target terrestrial
organisms and provision of breeding habitat and refugia from
disturbance and predation. It is important to be clear here
about the objective (purpose or intent) rather than the method
or activity used

Flood or stormwater management

This can be considered to be a special case of flow
modification that includes the construction and management
of structures (ponds, wetlands, and flow regulators) as well as
revegetation, for which the purpose is to modify the release of
storm runoff into waterways. These practices and structures
generally aim to reduce peak flow magnitudes and extend flow
duration. For the purposes of the ARRD, ‘Flood or stormwater
management’ refers to water quantity not quality. Sediment,
nutrient, contaminant and/or temperature control should be
categorised as ‘Improved water quality’

Alleviation of other degrading processes or
threats (such as avulsion, sediment slugs)

Describe the process or threat being addressed that does not
fall into one of the categories above. Generic topics such as
‘stream or riparian restoration’ or ‘revegetation’ are not
allowed as they do not describe objectives but rather activities
(that is, methods)
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9. Appendix C: Examples of river
restoration project entries into
proposed ARRD
Example 1: Taken from Greening Australia ACT, ACT Landkeepers Program
Category

Components

ARRDB identifier
code

•

1

Project title

•

ACT Landkeepers – River Rescue

Key words

•

Willow removal, weed control

Project contacts

•

Greening Australia ACT

•

Angela Calliess

Project Officer
Greening Australia Capital Region
1 Kubura Place Aranda ACT
PO Box 538 Jamison Centre ACT 2614
Phone 6253 3035 Fax 6253 3145 Mobile 0413 921 281
<http://www.greeningaustralia.org.au>
•

Project dates 30.11.2005 to 30.06.2010

Sources of project
data

•

PDF of project record from Microsoft Access database

Location

•

State/Territory – Australian Capital Territory

•

Drainage Basin – Murray-Darling

•

NRM Region – Murrumbidgee

•

Catchment – Murrumbidgee

•

River - Reach of the Murrumbidgee River between Pine Island and
Tuggeranong Creek

•

Subcatchment – Tuggeranong – Tharwa

• GPS coordinates, Mapping Grid of Australia,
Eastings/Northings 686354/6079307 (Tuggeranong Creek)

Eastings/Northings 687269/6077387 (Pine Island)
•

Nearest Town of > 5000 – Canberra

• (* link to map of Australia – possibly use GoogleEarth or GoogleMap – add a
site.kml)
Objectives

•

Willow control. This reach of river is one of the last remaining in the ACT to
have invasive willow species removed.

• Revegetation with local native riparian species
River characteristics

•

River Type – Confined river valley

(relevant to project
site)

•

Catchment area (km ) upstream of the project – unknown

•

Strahler Stream order – 4

•

Bankfull flow width – NA

•

Bankfull width : depth ratio – NA
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2

•

Bankfull discharge – NA

•

Height of water at time of survey relative to bankfull height (e.g. no flow; base
flow; one-third bank; two-third bank; full bank) – NA

•

Stream gradient (using 1:100,000 map) – described as a ‘gentle slope’
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•

Type and size of bed material (use Wentworth scale) – NA

•

Average bank height (metres, high bank of main channel) – NA

•

Is 50% or more of the bank length at the project site covered by natural
vegetation? – (Y/N) NO

• Location and distance to nearest gauging station – NA
Site description

• This reach is part of the Murrumbidgee River Corridor Nature Reserve. It is a
mostly stable, high-energy stream with some meander migration in less rocky
areas. Remnant vegetation is composed of Casuarina–Callitris woodland,
native grasses and forbs. These are recovering well after a 2003 bushfire.
Significant invasive species include crack willow.

Methods

•

Contract willow control to cut down trees and stem inject root ball.

• Ongoing weed control is used to control any regeneration of crack willow.
Outputs/

•

Was monitoring undertaken to assess whether project objectives were
achieved (Y/N)
YES, site visits to assess work of contractor. Ongoing visits to track
regeneration and control.

•

Pre-restoration sampling or survey of project site (Y/N) NO

•

Longitudinal or cross-section surveys (Y/N) YES

•

Outputs measured:
YES, reduction in willows and ongoing management of regeneration

•

Outcomes measured:
YES, work has been promoted locally and opportunities provided for
community to see what is being done and to understand why crack willows are
a problem in the area (see communications below for more details)

•

Photographic record
YES, photographs have been taken to track change over time

Outcomes

• Was evaluation undertaken to assess whether project objectives were
achieved (Y/N)

YES, site assessed pre- and post-willow removal.
Communications

• Pine Island, which is in this reach, is a high use recreation area. Propagation
days have been held, the Great Australian Bushwalk planting day and other
Greening Australia planting events have all been located at this site.

Resources

Additional information

•

Total Funds – $23,500
Monitoring and planning, contract
management

$1000.00

Maintenance – ongoing willow
control at this site for the next 5
years

$10,000.00

Contract Willow Control – includes
labour and machinery

$12,500.00

Total Funds

$23,500.00

•

Funding sources – ACT Landkeepers

•

Estimated value of in-kind contributions of participants – NA

•

Number of years funded – Five

•

Number of years since completion – willow removal completed in 2006,
ongoing maintenance still underway.

•

Supported by a range of guidelines on willow removal and why it is important.
This project is useful as a demonstration site that is easy to access for the local
community to see what is involved with willow removal and to be involved with
the revegetation activities and ongoing maintenance to ensure project
objectives are attained.
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•

www.greeningaustralia.org.au

Example 2: South and North Dandalup riparian restoration program
Category

Components

ARRDB identifier code

•

2

Project title

•

Dandalup river riparian restoration program

Key words

•

Revegetation, weed control, fencing

Project contacts

• Dr Kerry Trayler and Rob Donahue
Environmental Officer
Dept of Water

Phone (08) 63646000
<http://www.diow.wa.gov.au>
• Project dates 12.3.1994 to 11.3.1996
Sources of project data

• Microsoft Access Database

Location

•

State/Territory – Western Australia

•

Drainage Basin – Murray River

•

River – between SW Highway and the Fairbridge Camp

•

Catchment – Dandalup River

•

Subcatchment – South-branch

• GPS coordinates, Mapping Grid of Australia
0
32 35’59.40” (South)
0
115 53’09.09” (East)
•

Nearest Town of > 5000 – Pinjarra
(* link to map of Australia – possibly use GoogleEarth or GoogleMap –
add a site.kml)

Objectives

•

Livestock control

• Revegetation with local native riparian species
River characteristics

•

River Type – meandering lowland river with sandy unstable substrate

(relevant to project site)

•

Catchment area (km ) upstream of the project (120km )

•

Strahler Stream order – 5

•

Bankfull flow width – 25 m

2

2

•

Bankfull width : depth ratio – 25:1.3

•

Bankfull discharge – 65.5 m /s

•

Height of water at time of survey relative to bankfull height (e.g. no flow;
base flow; one-third bank; two-third bank; full bank) – NA

•

Stream gradient (using 1:100,000 map) – described as a ‘gentle slope’

3

•

Type and size of bed material (use Wentworth scale) – fine sands

•

Average bank height (metres, high bank of main channel) – 1.85 m

•

Is 50% or more of the bank length at the project site covered by natural
vegetation? NO

•

Location and distance to nearest gauging station – 613055 (12 km
upstream)

Site description

•

A lowland river with little riparian vegetation and uncontrolled livestock
access. Sandy unstable bed with LWD removed in the 1920’s. High
nutrient levels.

Methods

•

Fencing both banks. Weed removal. Riparian revegetation. One year of
weed control. Controlled livestock access areas to the river.

Outputs/

•

Was monitoring undertaken to assess whether project objectives were
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Outcomes

achieved (N)
•

Pre- restoration sampling or survey of project site (Y/N) NO

•

Longitudinal or cross-section surveys (Y/N) YES

•

Outputs measured:
Revegetation success.

•

Outcomes measured:
YES, work was promoted locally as a demonstration site.

•

Photographic record:
YES, photographs have been taken to track change over time

• Was evaluation undertaken to assess whether project objectives were
achieved (N)
Communications

• Formed part of the methods described in “Water Notes”.

Resources

• Total Funds – $23,500
Monitoring and planning, contract
management

$15,000

Maintenance – ongoing weed
control at this site

$2,500

Fencing- both banks, control access
points

$14,000

Revegetation (4 km)

$15,000

Total Funds

$46,500.00

•

Funding sources – Dept of Water

•

Estimated value of in-kind contributions of participants $35,000

•

Number of years funded – Two

• Number of years since completion – 12 years
Additional information

• Supported locally as a demonstration site
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