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1. EXECUTIVE SUMMARY

Research information to support coastal and reef policy decisions and management
programs needs to address current and emerging issues, to detect trends in key variables
of reef health and to help evaluate effectiveness of management strategies. Collecting real-
time data at appropriate temporal and spatial scales could be critical to improved
understanding of marine and coastal processes, such as to detect coral bleaching
conditions and to monitor key parameters for Great Barrier Reef (GBR) water quality.
However, scientific data provided by new technologies often does not fit the needs or
interests of environmental managers and decision makers or is not presented in a way
that can be used in a management framework.

The emerging generation of 'smart' sensors has great potential for automated intelligent
monitoring of marine and coastal systems by providing critical real-time information to
managers. Environmental variables collected by the sensor networks can be classified as
(a) current (e.g. water temperature at multiple depths, pH, and depth pressure), (b)
planned (e.g. light at depth and video), and (c) potential (PAR at depth, UV at depth, C02,
PAM fluorometry, turbidity, and nutrients.

The aim of this report was to summarise the main needs, challenges and potentialities for
an adaptive deployment of sensor networks and its potential for delivery of timely and
useful real-time spatial data for managers and decision makers. The types of issues
explored ranged from fully technical to management applicability. We characterized a set
of compelling questions (spatio-temporal scale) that need new types of sensors or new
strategies for deployment of wireless technologies for water quality monitoring. Based on
a spatio-temporal conceptual matrix we identified key research and management needs.
These were:

e Measurement of water (marine) quality at biological monitoring sites;

e Turbidity and PAR long term data;

e Measurement of water circulation patterns;

e Measurement of flood plume water quality;

e Chlorophyll a long term data;

e Standards for provision of data to network (quality assurance/quality control);
e Models predict coastal water quality (catchment model calibration);

e Multiple use management strategy and evaluation.

A set of requirements and limitations related to each of the mentioned needs was also
addressed and it is presented in detail in Appendix 1.

The deployment of wireless sensor networks at the GBR is intended to be flexible and
responsive process to new knowledge gained by targeting research to management needs;
monitoring, evaluation and review, and by continually connecting technological
opportunities with current and future management priorities.



2. Abbreviations and Definitions

C02: carbon dioxide

GBR: Great Barrier Reef

ICTs: Information and Communication Technologies
QA/QC: Quality assurance/Quality control

nutrients (N,P): Nitrogen, Phosphorus

PAM: Pulse Amplitude Modulation

PAR: Photosynthetically Active Radiation

pH: potential of Hydrogen

RWQPP: Reef Water Quality Protection Plan

SWOT: Strengths, Weaknesses, Opportunities, and Threats analysis
TERN: Terrestrial Ecosystem Research Network

UV: Ultraviolet radiation

WRON: Water Resource Observation Network

Institutional acronyms

ACTFR: Australian Centre for Tropical Freshwater Research
AIMS: Australian Institute of Marine Science

BDTNRM: Burdekin Dry Tropics NRM

CSIRO: Australia's Commonwealth Scientific and Industrial Research Organisation
CVA: Conservation Volunteers Australia

DPI&F: Department of Primary Industries and Fisheries

EPA: Environment Protection Agency

GBRMPA: Great Barrier Reef Marine Park Authority

JCU: James Cook University

MTSRE: Marine and Tropical Science Research Facility

NRW: Queensland Government Natural Resources and Water



3. BACKGROUND AND OVERVIEW

The Great Barrier Reef (GBR) and its catchments constitute a unique inter-connected
system. The Catchment to Reef connection throughout waterways, streams, wetlands and
estuaries is responsible for the dynamics in transport of nutrients and sediments, and
consequently, the quality of catchment-to-coast waters.

Research priorities and water quality programs stress the need for information and
systematic monitoring methods to support policy and management strategies in
improving the capability to detect coral bleaching conditions and minimising the
continuous decline in GBR water quality. Collecting real-time data at appropriate
temporal and spatial scales is critical to understanding coastal processes. However,
scientific data provided by new technologies often does not fit the needs or interest of
environmental managers and decision makers or it is not presented in a way that can be
used in a management framework.

The emerging generation of 'smart' sensors has a great potential for automated intelligent
monitoring of marine and coastal systems by providing critical real-time information to
managers. Environmental variables collected by the sensor networks can be classified in
three categories: current (i.e water temperature at multiple depths, pH, and depth
pressure), planned (i.e. light at depth and video), and potential (photosynthetically
Active Radiation (PAR) at depth, UV at depth, C02, Pulse Amplitude Modulation (PAM)
fluorometry, turbidity, and nutrients (N,P)).

The challenge is to be able to collect the right data at appropriate spatial and temporal
scales in a cost and time effective manner and deliver it in a format that can be used by
management. From one side, decision (policy) makers are often confronted with the
difficult task of gathering and interpreting research findings for use in policy
development and implementation (Kininmonth et al., 2004). On the other hand, scientists
(researchers) face the challenge to address management spatio-temporal scales and to
effective communicate scientific findings. Although not all research is or needs to be
focused on policy-relevant questions, adapting research results into usable and applicable
information has the potential to improve the impact of research on the management
marine and coastal systems.

This workshop constituted the second of a series of envisioned workshops towards an
adaptive deployment of the sensor networks in the GBR coast. It is part of a larger
research project entitled ‘“The Sensor Networking the Great Barrier Reef’. The Sensor
Networking represents a partnership between Australian Institute of Marine Science
(AIMS) and James Cook University (JCU) and is carried out under the auspices of the
Coastal Processes and Modelling AIMS@JCU Program (Sensor Networking for
Environmental and Physical Monitoring Project), and other two international consortia in
which the AIMS is a partner.

The science-policy interface is about connecting scientific findings with management
needs more effectively. It is not just a matter of “translating’ scientific results into



understandable language and practical measures. It is also a matter of open, two-way
communication to increase the coherence between scientific questions and policy needs.

The deployment of the sensors at the GBR region is intended to be a flexible and
responsive process to new knowledge gained by targeting research to management needs;
monitoring, evaluation and review, and by continually connecting technological
opportunities with current and future management priorities.

The overall goal of this one-day workshop was to extend and deepen the discussion on
the need, challenges and options for an ‘adaptive deployment of sensor networks and its
potential for delivery of timely and useful real-time spatial data for managers and
decision makers’. It also aimed to investigate how much advances in communication and
information tools will be additionally induced by management policies. It should
therefore contribute to the ongoing debate on an international science-policy interface for
the new technologies to natural resources management.

3.1 Pre-Workshop Online Survey

In order to prepare the workshop agenda, a set of questions were made available online
and circulated among participants in advance. The questions were not intended to be
comprehensive but rather to support the identification of priority themes to be addressed
by the breakout groups in in-depth discussion sessions. The following questions were
available online and invitations were sent to all potential attendees prior to the workshop
(box 1):

Box 1. Pre-Workshop questions.

e QJ. Briefly state your opinion about the following statements:

o ‘Scientific data provided by new technologies often does not fit the needs or
interest of policy-makers and environmental managers or they are not
presented in a way that can be used in a management context’.

o Improved communication between scientists and managers/policy-makers is a
demand frequently brought up when Science-Policy interface is discussed.
Who should be responsible for this improvement? Why?

e Q2. List up to 3 environmental variables (i.e. water temperature, pressure at depth,
turbidity, nutrients) you need to be delivered by sensor networks technology.

e Q3. Please indicate the extent to which you agree or disagree with each of the
following issues:
0 a) Real-time data allow decision-makers to make timely and better informed
decisions.
0 b) Information overload can be a problem for both decision makers and
researchers.
0 c¢) Storage and availability of data provided by technologies such as sensors
networks are of responsibility of data producers.
o d) Data provided by sensor networks should be public available.
o e) Information for environmental management must be driven by
management needs.
o f) Coastal/environmental managers need faster and easier access to the
data as its being collected.
® Q4. Please, identify three issues/topics you would like to be addressed at the
Workshop.




From the 17 participants that confirmed their presence in the workshop, just 5
participated in the online questionnaire. The survey respondents were composed of 75%
of the “science’ field and 25% from ‘environment management body’.

3.2 Participants

Attendees to this workshop included representatives from the following organizations:
e Environment Protection Agency (EPA)

e Great Barrier Reef Marine Park Authority - (GBRMPA)

e Burdekin Dry Tropics NRM (BDTNRM)

e Department of Primary Industries and Fisheries (DPI&F)

¢ Queensland Government Natural Resources and Water (NRW)
e Australian Centre for Tropical Freshwater Research (ACTFR)

e Marine and Tropical Science Research Facility (MTSRF)

e James Cook University (JCU)

e CSIRO ICT Centre

e Conservation Volunteers Australia (CVA)

Science and environmental management sectors were well represented at the workshop.
A low level of attendance was noted for non-profit organisations and other community
sectors.

3.3 Workshop Purpose

The workshop was designed to provide opportunity for interaction between researchers,
environmental managers and technology developers in purposeful discussions about the
use of sensor networks in inshore water quality issues. As such, the workshop was
organized in a way to foster interaction and exchange of ideas among the participants.
The workshop was structured into a combination of short research presentations, invited
guest speakers and interactive breakout group discussion sessions. Notes taken during
these discussions and key findings will contribute to the next stage of writing a draft
report.

The main concern of the workshop was the exchange of information between researchers,
environmental mangers, and other interested parts towards the implementation of an
adaptive approach to the deployment of Sensor Networks at the GBR region. Specifically,
issues about timeliness, relevance and scale of information provided by geosensor
networks were addressed.



4. PRE-WORKSHOP FEEDBACK

Respondents identified the following issues as being important to be addressed by the
workshop. The synthesis below presents the results of an online questionnaire that
participants had the opportunity to contribute before the workshop. Although answers
have been kept in their original format, respondents’ identities are not specified because
of confidentiality issues.

The first part of the survey explored the statements below:

Statement: ‘Scientific data provided by new technologies often does not fit the needs or interest of
policy-makers and environmental managers or they are not presented in a way that can be used in
a management context’.

Don't know, but I am really keen
to hear about this, as my research
generally assumes this to be true.

Incorrect.

Overlay technical information
delivered to non-technical policy
staff does not enable policy to see
the benefit of new technologies.

Leading edge technology is
developed from an engineering
perspective - it takes time and
work to mesh this with real
world needs.

This is certainly sometimes the
case.

Statement: ‘Improved communication between scientists and managers/policy-makers is a
demand frequently brought up when Science-Policy interface is discussed. Who should be
responsible for this improvement? Why?’

Heard this many times - but don't
have an opinion.

Agreed.

Policy staff needs to clearly
articulate the information and
the form it needs to be delivered
in order for scientists to deliver
information in the right format
and language for policy makers.

Groups are equally responsible.

Both parties bear some
responsibility. Policy needs to
makes its needs clear to scientists
and scientists need to let policy
makers know what type of
science they are doing, what are
the new innovations and what
might be of interest to policy-
makers.

Secondly, respondents were asked to list up to three environmental variables they needed
to be delivered by sensor networks technology. The main variables listed were:

1.

turbidity



2. nutrients, temperature, and photosynthetically active radiation (PAR)
3. chlorophyll, light, and water flow rates

The third part of the online survey was composed of closed-ended questions and
respondents were asked to what degree they agreed or disagreed with the following
statements about provision of real time data and information delivery.

Statement % responses
1. Real-time data allow decision- ® 20% Neutral - 80% No response
makers to make timely and better
informed decisions.

2. Information overload can be a ® 20% Agree - 80% No response
problem for both decision makers and
researchers.

3. Storage and availability of data

provided by technologies such as ® 20% Agree - 80% No response
sensors networks are of responsibility of

data producers.

4. Data provided by sensor networks ® 20% Strongly Agree - 20% Strongly

should be public available. Disagree - 20% Neutral - 40% No response
5. Information for environmental

management must be driven by ® 20% Strongly Agree - 20% Strongly
management needs. Disagree - 20% Neutral - 40% No response
6. Coastal /environmental managers ® 20% Strongly Agree - 40% Strongly Agree
need faster and easier access to the - 40% No response

data as its being collected.

Respondents also identified the following issues to be addressed in the workshop:

e cost-benefit of sensory networks over conventional monitoring and community
involvement;

e conversion of information from sensor networks into management outcomes;

e data format needs;

e decision-making workflow: how does or should sensor data get used?;

e sensor density and affordability;

e correlation between real time fine temporal scale data networks correlate to
temporally long term biological processes.;

e accuracy and calibration of sensors;

e biofouling; and

e reliability.



5. KEYNOTE PRESENTATIONS

5.1 Science, management & real-time data in the GBR: An Inshore Water Quality
Approach (Débora De Freitas - JCU)

The practice of coastal management is being transformed by remarkable developments in
advanced information and communication technologies (ICTs). Research priorities and
water quality programs stress the need for information and systematic monitoring
methods to support policy and management strategies in improving capability to detect
complex marine and coastal processes and in minimising the continuous decline in water

quality.

Despite technological progress, environmental managers and policy makers face the
challenge of incorporating these new technologies into their existing needs and
management priorities. Such requirements will demand much more attention to interfaces
between people, organizations, and new technologies, and the development of adaptable
management strategies. The deployment of wireless sensor networks and the availability
of real-time data in the GBR region represent a practical situation to better investigate the
linkages between spatial-temporal and institutional scales, as well as interactions between
data providers (information suppliers) and data users ( information clients).

The presentation outlined the main outputs of the first workshop realized in December
2006, and it also explored important issues involving science-policy interface including
communication, needs in terms of data provision and display, and the of technological
possibilities and management priorities.

5.2 International Perspective on Coastal Sensor Networks and the Current Status of
the Sensor Network Implementation on a Fringing Coral Reef on Australia’s
Great Barrier Reef (Stuart Kininmonth - AIMS)

Collecting real-time data at appropriate temporal and spatial scales is critical to
understanding complex marine processes. The emerging generation of 'smart' sensors
opens up a range of opportunities for automated intelligent monitoring of marine
systems. Scientific research and engineering development, requiring extensive cross
disciplinary collaboration, is extending the existing Australian Institute of Marine Science
temperature monitoring into a true sensor network.

This project involves the installation of a sensor network that will measure temperature at
Nelly Bay fringing coral reef in North Queensland, Australia. Each sensor forms an ad hoc
network delivering data in real time. Regularly spaced temperature sensors extend into
the water column and provide 3 dimensional data to help understand the high frequency
changes in marine systems. This will give us a better understanding of the relationship
between various environmental parameters, the impact of temperature changes on coral
reefs.



5.3 Management drivers for remote sensing and data acquisition and logging at
inshore coral reef systems of the GBR (David Haynes & Joelle Prange -
GBRMPA)

The Reef Water Quality Protection Plan (RWQPP) is a Federal and State government
initiative to improve water quality in the Great Barrier Reef. The Great Barrier Reef
Marine Park Authority’s primary role in this strategy is the implementation of a long-term
water quality and ecosystem-monitoring program in the Great Barrier Reef lagoon
(Strategy I4). This program will help assess the long-term effectiveness of the RWQPP in
reversing the decline in water quality of runoff originating from Queensland catchments.

An integrated monitoring program to assess water quality and ecosystem status in the
Great Barrier Reef World Heritage Area has the following basic components:

Marine water quality flood monitoring;
Inshore marine water quality monitoring;
Inshore marine water pesticide monitoring;
Remote sensing of GBR wide water quality;
Inshore coral reef monitoring; and

S T

Intertidal seagrass monitoring.

These programs are expected to become increasingly reliant on remotely sensed data from
satellites as well as on the use of robust and accurate water quality sensors with long term
data logging capacity.

5.4 Does increased river suspended sediment load increase GBR lagoon regional
turbidity: use of continuous turbidity loggers (Jon Brodie — ACTFR & MTSRF)

There has been a long running debate in the GBR as to the influence of river suspended
sediment loads on regional turbidity values in the GBR lagoon. One school of thought,
typified by the work of Larcombe, Woolfe, Ridd and colleagues, claims that turbidity in
the GBR lagoon is not limited by fine sediment supply i.e. there has already been, for the
last few thousand years, sufficient fine sediments in the shallow parts of the lagoon (in
generally less than 10m water depth) to produce the turbidity we see produced by wind-
driven resuspension. Thus increased suspended sediment delivery from the rivers due to
agricultural and urban developments on their catchments will have no effect on regional
turbidity (and hence not be a major issue for GBR reefs). The other school of thought,
typified by the work of Wolanski, Fabricius and McCulloch, claims that as each new
delivery of fine suspended sediments occurs to the GBR lagoon an “easily resuspendable’
layer of benthic sediment is laid down. During the following 12 month period this layer is
resuspended by wave action but due to its nature it produces higher concentrations of
turbidity than would be the case without this ‘easily resuspendable’ layer. Thus increases
in the delivery of suspended sediments from the rivers will lead to increases above
historic levels of turbidity (and thus be a major issue for the health of GBR reefs).



Resolution of this debate is critical to the priority given to managing erosion on GBR
catchments in comparison to managing other pollutants e.g. nitrate from fertiliser or
herbicide residues. Preliminary results from Ian Webster (CLW) off the Fitzroy River and
Eric Wolanski (AIMS, MTSRF) off the Tully River using turbidity loggers suggests that the
second hypothesis (above) may have some validity. I propose that this is a question able
to be answered using sensor technology as the sensors for turbidity are available,
relatively low cost and work well. The project would have to extend over a number of
years to check a number of river discharge events and include a good representation of
variable weather conditions.

5.5 Deployment of Wireless Sensor Networks in the Queensland’s Burdekin
Irrigation Area (Matthew Dunbabin — CSIRO ICT Centre)

The Water Resource Observation Network (WRON) is interested in understanding the
impact of current irrigation practice to the environment in the Queensland’s Burdekin
area. Saltwater intrusion into coastal aquifers has been an ongoing concern for water
managers globally. The principal decisions to be made in relation to exploiting these
coastal groundwater resources are: where to place the extraction bores, and how much
water can be extracted for sustainability. The challenge however, is to obtain accurate
real-time data of water usage patterns and the corresponding changes on salinity levels.
The use of wireless sensor networks to obtain this data through remote real-time
monitoring was a logical choice. The goal of Burdekin sensor network was to not only
provide monitoring capabilities for decision and policy making, but to eventually control
water usage as part of the management strategy.

As with all real-world network deployments there were operational and technical issues
encountered and lessons learnt. This presentation described the deployment of the
Burdekin irrigation sensor network, its purpose, design requirements and challenges.
Furthermore, the research challenges and directions required to make wireless sensor
networks useful management tools were also described.

5.6 Tropical Terrestrial HUB (George Lukacs - ACTFR)

This presentation provided background on a Commonwealth initiative: TERN (Terrestrial
Ecosystem Research Network). The initiative was discussed in relation to its conception
(via the National Collaborative Research Infrastructure Scheme), its current status, and
the role a regional NQ hub could have. The potential to bring together partners in an
independent regional initiative was also discussed.
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6. RESULTS

Shared Issues in Science, Management, and Technology

Following a first round of presentations in which issues about linkages, science-

management, international perspective and current status of coastal sensor networks, and

management and science drivers for real time data acquision, an open discussion session
prompted participants to discuss the following topics:

6.1 Compelling questions that need new types of sensors or new strategies for
deployment of wireless technologies for inshore water quality

General questions and core issues that should be addressed by sensor networks
technology within an inshore water quality context were grouped in three categories

below (box 2):

Box 2. Clusters of compelling questions that require wireless technologies for inshore

water quality.

Groupl

Group?2

Group3

® |s there a relationship
between suspended sediments
(rivers) and turbidity (reef)?

® |s there any correlation
between suspended sediments
and Photosynthetically Active
Radiation (PAR)?

® What is the relationship
between water chemistry and
water quality?

® What are the nutrient

concentrations (real time) of
the water body?

® Can production and turbidity
be measured in a spatial-
temporal scale?

® Quality assurance/Quality
control of sensor data, sensor
network integrity.

® EM.S. (satellite) data
validation (particularly
Chlorophylla and Turbidity).

® Explore the covariance of
variables that may affect
water quality, e.g. wind vs.
turbidity, boat traffic vs.
turbidity.

® Knowledge of system (finer-
scale).

® Biofouling.

6.2 Current and Future Needs

Under this proposed topic, the group discussed the “unity of analyses’ for current and
future use of real-time data for. The main issues emphasized by participants were:

e modelling: direct input, toxic plumes;

e collect all possible parameters and then mine for relationships;

¢ modelling (t= weeks to months);

e event detection (t= minutes) - adaptive sampling (Reactive);

e particle size assays;

11



e origin of sediments;

¢ animal management (enforcement, protection);

e hazard detection;

e animal tag (e.g. whales, fish, turtles);

e aquaculture;

e flood plume propagation and depth constitutions;
e justify land management decisions; and

e compliance monitoring and environment.

6.3 Operational, technological and institutional issues

Several common potential and pitfall issues emerged under this topic. These included:

e scientists needs (data) versus environmental managers needs (answers);

e formal process, personnel: incorporate scientific literacy in management - decision
making processes;

e uncertain benefit of information vs. cost of gathering (comparative costs);
e nutrients (accuracy, detection threshold, trigger for more intensive sampling);

e costs of real-time vs. data logging (if attending 1/wk to service, why not collect
data at same time?);

e fouling: how can we avoid light .... light, turbidity, Chlorophyll-a;

e data - interpretation - information for management systems, decision-making;
e data sharing: housing transfer;

e disposable sensors;

e hardware and software interoperability; and

e managing the large quantities of data generated by sensor networks: data
aggregation, workflows (automatic processing), access and security,
discoverability, standards (sensorML, OML).

In the second breakout discussion session participants discussed specific topics about data
management and dissemination.

6.4 Data Management and Dissemination

Under this topic, participants were stimulated to discuss issues about responsibility for
data interpretation and dissemination, as well as how to best present the outcomes of
spatial real-time data to address end-user needs.

The main shortcomings identified were:

e purposeful collection of data (data needs to be collected to address a purpose);

12



multiple users” demands;

design of a data interpretation plan highlighting the mechanisms used for
interpretation of the data;

development of a data dissemination plan for the end user, possible considering
different levels of reporting;

need for quality assurance and control of data before dissemination;
uncertainty about different interpretations of the same data.;

risk based on data on assets which can be re-analysed for political purposes;
willingness for involved parties to have an arrangement;

liability and reliability issues;

public money used;

difficult data sharing agreement;

well described metadata;

need of consistent standards for data sharing and storage;
functionally at regional scale and then expand to national scale;
system barrier — tendency to state centralization of datasets; and

design/implementation of platforms for collaboration to minimise data lost (“so
data are not lost, don't disappear”).

6.5 Development of a Spatio-Temporal Conceptual Typology

The initial round of presentations on science, management and technical aspects of real-
time data provided by sensor networks had the purpose of exposing participants to the
topics of the workshop and also stimulating thought on key aspects to be worked on the
conceptual matrix. Participants were divided in groups. Each group was composed of at
least an environmental manager, a researcher, and an information technology expert.

The conceptual matrix summarized and linked the following variables:

a)

b)

identification of the management priorities (management questions/issues) that
can/or need be to addressed by wireless sensor networks;

specification of the requirements and limitations (barriers/constraints) to the
application of sensor networks to management and policy decision making,
considering both technical and organisational/institutional contexts; and

determination of the spatial-temporal scale (box 3) on the required to effectively use
real-time data.
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Box 3. Guide-scale provided to the participants.

Spatio-temporal scale
[Please fill the boxes with the proposed
symbols below. You can also include additional
symbols to fit your needs.]:

Temporal Spatial
Current =C Local=1
(now)

Immediate=1 Regional=2
(1 year)

Projected= P  National=3
(3-5 years)

Future=F Global=4
(>5 years)

Individually, managers, researchers and technology experts did not restrict themselves to
discuss specifically about their area. The task of developing a conceptual matrix in mixed
groups was not a straightforward process. Environmental managers and researchers
were required to think about the integration between their management and research
needs and the limitations and requirements of the technology side. Information
technology experts started to discuss and understand the practical applications of the
technology within a science and policy context.

The management issues that require sensor network data were grouped in the following
priorities:

1. Understanding system components and interactions;
Confidence in measuring water quality (relationship between parameters & water
quality); and

3. Managing the risk of decision making based on sensor data (quality & validation).

Figures 1 and 2 summarise the main requirements and limitations for the adoption of
sensor networks data and technology within a spatio-temporal scale. The scheme
presented by figures 1 and 2 is neither distinguished by management issues nor by the
participants’ field (e.g. technology developer, researcher, or environmental manager).
Rather, it presents an integrated view of the joining understand of these three stakeholder
groups. A detailed list of requirements and limitations for specific management issues is
presented in Appendix 1.

Therefore, the adaptive deployment of sensor networks technology needs to address both
locally and regionally requirement (figure 1) such as:

e specification of context-purpose for data collection;

e data reliability and accuracy;

e consistent standards for sharing, storage and dissemination;
¢ linkage to management parameters;
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e develop cost-effective sensors;

e engage user groups in development phase;

e robust metadata; and

e quality assurance and control of data (data interpretation and dissemination)

In broader and long-term scales, the following requirements need to be addressed:

e agreements on platforms/models for

e development, endorsement and implementation of standards; and

collaboration;

e institutional willingness for cooperation.
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~ engage user groups | / development of
_in development . policy framework
vandal S N 7 :
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E) %\ ac;gracy < &Vcioﬂst b
5 & _ transparent governance of networks and data
local regional national global

- Spatial scale -

Figure 1. Conceptual scheme of spatio-temporal scale of requirements for the adoption of sensor

networks data and technology.
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- Temporal scale -

Limitations (figure 2) for the adoption of real-time data are also clustered locally and
regionally, but they are more heavily located in a current-immediate (< lyear) temporal
scale. Issues such as a large geographic region to monitor, lack of data storage
infrastructure, maintenance and costs, and lack of integration across skills and institutions

represent the main obstacles to be overcome.
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Figure 2. Conceptual scheme of spatio-temporal scale of limitations for the adoption of sensor

networks data and technology.

The schemes show that, overall, both requirements and limitations are concentrated in
local and regional spatial scales, and within a current or immediate temporal scale. Such
distribution supports previous discussions of the first workshop realized on 5th
December 2006 at the Australian Institute of Marine Sciences (AIMS). The collection and
dissemination of real-time data needs to be fitted into a well-established purpose and
defined context, and the technology has to be functional at regional scale.
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Additionally, data provided by geospatial technologies such as the sensor networks need
to be supported by adequate mechanism for information delivery. In this sense, workshop
participants stated that such delivery mechanisms need to:

e develop dissemination information plan for the end user;

e establish a system of easy integration of data;

e address liability and data sharing issues;

e scalability questions (e.g. 1. Who owns the data and how to use it? and 2.
How sensors data will be processed and aggregated?); and

e elaborate a collaborative user-friendly web platform for data diffusion.

Issues of data property and accessibility still need to be better addressed. There is an
overall concern among the participants of the workshop about scientific and political risks
of providing raw datasets of real-time data freely available on the web, for instance. The
access by different users might result in different interpretations of the same data which
may cause political concerns. How public is the data collected using public money by
research and government institutions is a highly sensitive and important topic that needs
to be better addressed in the context of the sensor networks data.

6.6 Feedback Evaluation Form results

The SWOT! framework (box 4) below summarizes the main points of the workshop’s
evaluation according to the participants” feedback.

Box 4. Workshop evaluation SWOT analysis.

Strengths Weakness

1. selection of topics for discussion 1. lack of high level policy types

2. interesting mix of speakers and participants 2. no introduction of participants at the
3. highlight future /potential uses, issues and beginning

actions of using sensor networks 3. need of local policy makers

4. interaction between researchers and managers
5. open and timely discussions

6. networking

Threats Opportunities

Remaining unanswered or unclear issues 1. inclusion of agriculture sector in this
discussion

1. clarification of the need for real-time as 2. dialogue with main senior managers in

opposed to logged data management agencies

2. overall costing interval of maintenance and
operation of a network

3. what policy makers need to know

1 SWOT Analysis is a strategic planning technique developed by Albert Humphrey in the 1960s and 1970s to evaluate the
Strengths, Weaknesses, Opportunities, and Threats involved in a project or programme.



7. DISCUSSION

Research information to support reef policy decisions and management programs needs
to address current and emerging issues, to detect trends in key variables of aquatic
systems icons and to help evaluate effectiveness of management strategies. Both
theoretically and practically there is a growing need for better and more accessible
information for a systematic monitoring of key environmental variables (box 5).

Box 5. Theoretical and practical issues on geospatial technology and monitoring data.

Theoretical

* Lack of documented evidence on
how resource users and non-experts
are making use of information and
communication technologies
(Swinford 2002; Hay 2003);

* Absence of matching between the
available technology - users’ needs
& management strategies
(Jankowski & Nyerges 2003;
Yigitcanlar et al. 2003); and

* Geo-spatial information is
becoming more accessible and

Practical
(Source: GBRMPA, 2005)

* Need for new techniques and
technologies for management to
reduce impacts from current
activities;

* Need for passive sampling
techniques for monitoring of
target chemicals

* Need for automated monitoring
of water quality (including
sediments and nutrients) for use in
Reef Water Quality Protection
Plan (RWQPP); and

affordable; however there is still
lack of understanding about
technology and its potential (Reeve
& Petch 1999; Sobeih 2005).

* Need for improved and cost-
effective monitoring methods, and
more information on the impacts
of declining water quality.

In general terms, decision-makers and scientists rarely develop the types of relationships
and information flows necessary for full integration of scientific knowledge into the
decision-making process (Jacobs, 2002). According to Jacobs, science-management
interface should focus on: a) relevance (are the scientists asking and answering the right
questions?), b) accessibility of findings (are the data and the associated value added analysis
available to and understandable by the decision-makers), c) acceptability (are the findings
seen as accurate and trustworthy?), and d) context (are the findings useful given the
constraints in the decision process?).

The deployment of wireless sensor networks and dissemination of real-time data at the
GBR is intended to be a flexible and responsive process to new knowledge gained by
targeting research to management needs; monitoring, evaluation and review, and by
continually connecting technological opportunities with current and future management
priorities (Kininmonth et al., 2005).
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Although there is a challenge in colleting and delivering the right data at appropriate
spatial and temporal scales in a cost and time effective manner, there is a great potential
for use of real time data from reef-based sensor arrays in policy and management decision
making (De Freitas et al., 2007). This report focuses on some of the issues that need to be
addressed to make this process an efficient and viable reality for improved management
of marine and coastal systems at the GBR scale.

A linkable workflow between technology developers and data users considering a range
of spatio-temporal scales is important to develop a full understanding of the adaptive
provision of new geospatial data. Therefore, the implementation and adoption of sensor
networks technology and real-time data needs to consider and integrate four relevant
aspects: 1) relevance, 2) accessibility of findings, 3) acceptability, and 4) context integrated.

8. CONCLUSIONS

The overall goal of this one-day workshop was fully addressed in the sense that it
provided an opportunity for technology developers, researchers and environmental
managers to extend and deepen the discussion on the need, challenges and options for an
adaptive deployment of sensor networks and its potential for delivery of timely and
useful real-time spatial data for managers and decision makers.

The meeting raised a lot of interesting discussions with 17 representatives from research
and governmental institutions, and non-governmental organisations. With this mixed and
participative audience, the workshop achieved the proposed objectives by:

e providing a venue for discussion and bringing together technology experts, researchers
and environmental managers and decision makers to provide a shared
understanding of needs, benefits and challenges of collecting and delivering real-
time spatial data;

o exploring relationships and core issues between information providers (scientists) and
users (managers) of technology; and

e engaging of key stakeholders in coastal management and water quality related issues.

It also aimed to investigate how much advances in communication and information tools
will be additionally induced by management policies by engaging in discussions on:

e cost-benefit of sensory networks over conventional monitoring and community
involvement;

e conversion of information from sensor networks into management outcomes;

e data format needs;

e decision-making workflow (how does or should sensor data get used?);

e sensor density and affordability;
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e correlation between real time fine temporal scale data networks correlate to
temporally long term biological processes;

e accuracy and calibration of sensors;

e Dbiofouling; and

e reliability.

Throughout the workshop attendees actively participated in the proposed sessions, and
supported the identification of key areas of interest for an adaptive implementation of the
sensor networks. It should therefore also contribute to the ongoing debate on an
international science-policy interface for the new technologies to natural resources
management.

9. SYNTHESIS AND FUTURE RESEARCH DIRECTIONS

The workshop represents an initial step towards an adaptive implementation of sensor
networks technology and adoption of real-time spatial data at the Great Barrier Reef scale.
Valuable information was obtained about the technical and applicable aspects of this
process during the workshop. However there are several areas which require
considerably more research attention in order to ensure that the technology and its
resulting data are both acceptable and usable to support management actions. Key
recommendations are briefly described below.

Findings have reflected that there is a great potential and interest from both science and
management for continuous and automated monitoring of water quality parameters.
Researchers, managers and decision makers possess significantly different research
questions which require real-time spatial data. As such, there is clearly a need for research
to extend the linkage and develop meaningful ways of interaction between technology
developers and users. Particularly, issues about definition of a more specific purpose for
providing real-time data; translation and delivery of raw data into usable and
understandable information require further exploration and continuous evaluation.

Results of this workshop will support the development of a science-management
conceptual model establishing drivers, vectors and relationships of marine and coastal
environments with wireless sensor networks possibilities and environmental
management priorities. The model’s effectiveness will be evaluated from participants’
perspective in a ‘Feedback Workshop’ to be realized in 2008. Additionally, peer-reviewed
publications (in scientific journals such as Environmental Science and Policy) and non-
technical reports (working title ‘A Science-Policy/Management Guidelines for the
Potential Adoption of Wireless Sensor Networks in the Management of the Great Barrier
Reef Coast’) will support the incorporation of the issues raised during the broad ranging
discussions into future development of sensor networks.
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11. APPENDICES

Appendix 1. Detailed description of the management issues identified by the participants
of the workshop.

1. Understanding system components and interactions

Measurement of water (marine) quality at biological monitoring sites
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Lack of long-term funding to support network (L) projected regional
Recognition of advantage of network (R) current regional
Large geographic region to monitor (R)(L) current regional
Data storage infrastructure not yet developed (L) current local
Technical

Key parameters do nor have sensors get (L) current local
Long distance for transmission data by radio (L) current regional
Damager/vandalism of deployed equipment at current local

water surface (L)

Rigorous quality assurance /quality control on current regional
collected data (R)

Turbidity and PAR long term data

(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Ability to determine long term trends (R) projected national

Technical

Agreement on methods (R) current national

Agreement on quality assurance requirements (R) current national
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Large geographic region to monitor (R)(L) current regional
Technical
Rigorous quality assurance /quality control on current regional

collected data (R)
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Measurement of flood plume water quality

(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Key parameters do nor have sensors get (L) local &
current .
regional
Long distance for transmission data by radio (L) current regional
D . .
amager/vandalism of deployed equipment at current local
water surface (L)
Ri lit lit trol .
igorous quality assurance/quality control on current regional

collected data (R)

Optimal management/protection

(R)equirement or (L)imitation Temporal scale Spatial scale

Technical

Better conceptual and numerical models for reef

and rivers (R) projected local

Measurement of catchment water quality indicators to marine

environment

(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Key parameters do not have sensors yet (L) current local
Linking water quality with ecological outcomes

(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Better conceptual + numerical models for reef + ]
. current regional
rivers (R)
Lack of casual — effect models (L) current regional
Chlorophyll a long term data

(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Agreement on methods (R) current national
Agreement on quality assurance requirements (R) current national
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2. Confidence in measuring water quality (relationship between parameters & water
quality)

Water quality

(R)equirement or (L)imitation Temporal scale Spatial scale

Technical

Reliability (R) current Ioc?l &

regional

Accuracy (R) current regional

Linkable to management parameter (R) immediate Ioc?l &

regional

Maintenance requirement/cost & frequency (R) current local &

q g 4 regional

Standards for metadata

(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Endorse Standard (R) immediate global

Technical

Design (R) projected global

Decide on standard (R) immediate global

Implementation of standard (R) future global
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Endorse Standard (R) projected regional
Technical

Decide on standard (R) projected regional
Implementation of standard (R) future regional

Consolidation of regional data
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

. . e e local &
Lack of integration a cross skills /institutions (L) current .
regional
Technical
Data standards (L) current national
Trial of data consolidation across themes and
current local

institutions (R)




Kn of system (identifying and characterizing driving relationships -

dynamics)
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

. current - local &
Engagement of user groups in development (R) ongoing national
Development of policy and decision making current regional
frameworks that use sensor networks (R) 9
Technical
. local &
Cost (low-costs to make uptake easier) (L) current - future
global
Fate of water quality parameters (temporal/spatial)
(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Reliability (R) immediate regional
Accuracy (R) immediate regional
Linkable to management parameter (R) immediate IOC,GI &
regional
Maintenance requirement /cost & frequency (R)(L) immediate regional
Models predict coastal water quality (catchment model calibration)
(R)equirement or (L)imitation Temporal scale Spatial scale
Technical
Reliability (R) current Ioc.ql &
regional
Accuracy (R) current IOC?I &
regional
Cheap sensor (R)(L) projected regional
. . local &
Maintenance requirement/cost & frequency (R)(L) current regional
Agreement on model platform (R) projected national
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3. Managing the risk of decision making based on sensor data (quality & validation)

Multiple use management strategy and evaluation

(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Confidence in data (R)(L) projected local

Accuracy of data (R) future global

Technical

Security at RF chip. (L) current local

100% public delivery (R) projected regional

Vandal safe (R) current local
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Confidence in data (R) future local

Accuracy of data (R) future global

Technical

100% public delivery (R) projected local

Vandal safe (R) current local
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Confidence in data (R) future global

Accuracy of data (L) future global

Technical

Security at RF chip (R)(L) current local

100% public delivery (R)(L) projected regional

Vandal safe (R) current local
(R)equirement or (L)imitation Temporal scale Spatial scale

Organisational/Institutional

Process for Approval (R) immediate regional
Endorse standard (R) current regional
Technical

Design (R) immediate regional
Decide on standard (R) current regional






