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Overview

1. Sensor Networks — what, where, why — examples from
the Great Barrier Reef, Australia

2. Applications:
* Coastal monitoring and emergency response
* Ecological monitoring of coral reefs

3. A Wired-World — a vision for the future
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The 215t century ‘dash-board’

e How can the world support Nine Billion people?

e How do we manage Climate Change both in the short term
and long term?

e How do we protect people and assets in an increasingly
chaotic world?

e How do we best use the resources we have?

e What do we need to do now to secure a more sustainable
future?

‘ To Manage these issues we need to know and to know we need to measure... \




EARTHQUAKE DISASTER Zhip and four trains are missing

Japan Earthquake Live

Japan Earthquake Live has updated. Click to see new entries

Information about the disaster is coming thick and fast via social media and the web. Here

9:51 AM
are a few links to help yvou follow the lapan earthguake online, More »»

9:15 AM This animation produced by the NOAS shows the path of the tsunami generated by the
rmagnitude 2.9 earthquake, Mare =

9:15 AM This animation produced by the NOAS shows the path of the tsunami generated by the

maghitude 2.9 earthquake . More »

More from Japan Earthguake Live Times are AEDT (Sydney tirme)
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The 2008 global census shows that worldwide 20% of reefs are already
lost, another 15% are under immediate threat and a further 20% are
under longer term threat;

Massive coral bleaching was observed in 1998, 2002 and to a lesser
degree in 2006 — some areas had 70-80% coral loss;

Coral Reefs are particularly sensitive to climate change, long term
temperature changes of just 2°C can push corals into decline (lower
calcification rates, higher bleaching rates);

World wide some 300 million people, mostly in the developing world,
depend on coral reefs for their livelihood.







NATIONAL OCEANIC AND
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NOAA: 2010 Tied For Warmest Year on Record

January 12, 2011

AccordingtoNO ienti 010 tied with 2005 as the warme ear of the aloba face tembpera e record
beginning in 1880. This was the 34th consecutive year with global temperatures above the 20th century average. Hor
the contiguous Utvited-5ta atome: BEaverageanTiaa SerattreSwas st ove ROt T 3

warmest year on record.

This preliminary analysis is prepared by scientists at NOAA’s National Climatic Data Center in Asheville, N.C., and
is part of the suite of climate services NOAA provides government, business and community leaders so they can
make informed decisions.

2010 Global Climate Highlights:

* Combined global land and ocean annual surface

temperatures for 2010 tied with 2005 as the .
- 2
warmest such period on record at 1.12 F (0.62 C) Temp?r‘,ature Anornflles Jan DEC 2010
(with reepect to 5 1371-2000 bass padiod)

above the 20th century average. The range of Mabmsl Chrin Fata Ren e HFRNIR AL
confidence (to the 95 percent level) associated
with the combined surface temperature is +/- 0.13
F (+/- 0.07 C).*

= The global land surface temperatures for 2010
were tied for the second warmest on record at
1.73 F (0.96 C) above the 20th century average.
The range of confidence associated with the land
surface temperature is +/- 0.20 F (+/- 0.11 C).
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# Global ocean surface temperatures for 2010 tied
with 2005 as the third warmest on record, at 0.88
F (0.49 C) above the 20th century average. The
range of confidence associated with the ocean
surface temperature is +/- 0.11 F (+/- 0.06 C).

Global surface temperature anomalies for 2010.
High Resolution (Credit: NOAA)




Trends in ocean temperatures
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0.5 4 Annual and Decadal Mean Sea Surface Temperature Anomalies For
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Annual and decadal mean sea surface temperature anomalies in the Australian region (compared with 1961
to 1980 average). The 2010 value is preliminary and does not include data for December 20710,




Fvidence of increasing gr reenhouse gases
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Warming of the Great Barrier Reef since 1960
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Resulting Algal Dominated Reef




Great Barrier Reef Ocean Observing System

GBROOS is part of a larger

Observing System (IM

Aus

alian Integrated Marine

0S);

Funded since 2008 to

ep

oy a range of observing
technologies along the Great Barrier Reef in Australia;

Looks to understand t

the coast

he impact of changes in the oceans on

Has developed a range of proven observing technologies

suitable for coastal applications.




GBROOS Capabilities

Satellite Remote Sensing — large scale daily images of sea
surface temperature and ocean colour;

Ocean Moorings — detailed water column measurements
and currents, waves and tides;

Gliders & Drifters — medium term (months) intensive

measurements over large areas;

Sensor Networks — coastal real time information about
smaller scale processes and weather;

Ocean Radar (with James Cook University), large area
surface waves and currents.




Why Measure?

Systems naturally change with time, to understand long
term changes you need long term consistent
measurements;

Understanding change requires an understanding the
processes that force the system (weather and the oceans)
and how these impact at the species or habitat level;

Evidence based Management requires high quality data to
drive decision making and planning.




What are Sensor Networks?

Sensor Networks are arrays of small, wirelessly interconnected sensors that
together work to collect data back to a central data centre;

The sensors are ‘smart’ in that they can adaptively sample — changing how and
what they sample based on current conditions;

Sensors are internet connected, using IP communication protocols, and so are able

to nllch fhnlr H:f: to fhn internet or receive nrosrams and rnmmnndc 'Frnm fhn
P CliI1 | | 9\ Y | rJ b [ F* AR CARAVERILVANERE NN LY | il L1

data centre — the communications is always on and fully two way;

The sensors have some on-board processing power and so can convert raw data to
derive values, do some image analysis and so on — more and more the technology
will push data management, access and processing down to the sensor node.
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Sensor Networks — new ways of measuring

Sensor Networks Traditional Sensors
v'+ Real Time Data x e+ Delayed or logged data
v'e  Two ways communications X+ No communications
v+ Intelligent controllers Xe ‘Dumb’ controllers
v+ Adaptive sampling X e Fixed sampling
v’ On-node data processing X e Raw or simple processing
Ve Self organising X e Fixed topography
v'« Internet connected X e Stand alone
v'* Wide range of sensors Xe |imited sensors
v'* Scalable X e Limited scalability
v’ e Cost effective %+ Expensive



How they work...




What they provide...

Fine scale real-time environmental observations for weather,
temperature, salinity, turbidity, chlorophyll, light and even still
images and video;

Provide an adaptive platform for sampling controlled over two-
way |IP based high speed communications;

Propagate an on-reef 802.11 wireless Internet network to
which platforms and sensors communicate;

Support the deployment of sensors and instruments from other
organisations and agencies, becomes a platform on which
other work can be done.
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Sensors




IM based SBE37 — Conductivity, Temp and Pressure







Data Management

Managing the data collected is as important as collecting
it in the first place — if you can’t manage it don’t bother
collecting it;

Data Management is not easy but worthwhile;

Future use of the data we collect may be for very different
use so by describing and storing the data correctly we
give this data to future generations;

Data Management should account for 10-15% of the
budget for any data collection project.




Metadata

Metadata is ‘data about data’ or a description of the data
being collected;

It allows for data to be found by search engines and for all
of the ancillary information about a dataset to be located or
referenced from the one point;

It adds value to the data and allows the data to be used by
people who didn’t collected it for reasons it wasn’t collected
for — it gives it life!

ISO 19115 is the metadata standard for spatial data.




Data Outputs

e The GBROOS project looks to make its data
available in a number of ways:

— Dedicated web sites

— iPhone Apps

— Web Services (REST based along with WMS/WES)
— Ocean Data ‘Portals’

— Social Networking (Twitter)
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Knowledge Pages
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GBROOS DATA GB.%OS

'GREAT BARRIER AEEF DCEAM DBSERVING S¥STEM

GBROQOSData - Observing the Great Barrier Reef

Welcome to the GEROOS-Data web site! This site gives access to the data collected by the Great Barrier Reef
Ocean Obserying System (GBROOS) Project which is part of the Australian Integrated Marine Observing Systermn or
IMOS. GBROOS is run by the Australian Institute of Maring Science (AMS) on hehalf of a consortium of Universities
and research agencies.

GBROOS is an ohserving system that Iooks to docurnent the irmpact of the Coral Sea on the Great Barrier Reef and
in particular to provide the ohservational data to understand long terrm change and the impact this will have on the
Great Barrier Reef.

There are five components to GEROOS, the data from each of these can be accessed via this site.
They include:

Mine long term moorings, data includes temperature and salinity profiles, waves and currents;

Two refocrence mooring stations — basic occanographic paramcters;

Sensor networks located on a number of reefs, data includes temperature profiles and weather data
[with more to be added over time},

Remote sensing satellite data (sea surface temperature and ocean colour data)

Underway sampling (termperature, salinity, chiorophyll

Use the links below to directly access the information you require or use the navigating bar to the left to navigate
around the site. Finally of you would like to leave feedback or contact us please go to the About / Contact Us page.

Quick Links:

Click for information about the GBRCOOS project in generalé

Click for information about the IMOS projectd?

Click to see the latest data from the reef

Click to explore and graph the sensor network data from the project

Click to see what sensor network eguiprment is deployed and where
Click to see mooring deployrments

Click to contact us or to leave feedback

Click to go to the AMS web sited




Web plotting and access
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Data ‘Kiosks’ for public on-site access
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1. Emergency Response

2. Ecological Monitoring




Understand and deal with Climate Change
— Complex and long term

— Occurs within other levels of change such as EI-Nino events

To manage emergency events such as floods, cyclones /
typhoons, tsunami's, earthquakes;

To manage human activities such as pollution, run-off,
impact of human activities, regulation of resources, etc;

To deliver a more sustainable future to the people that live
and rely on coastal systems.




1. Emergency Response: Tropical Cyclone ‘Yasi’

Category-5 Tropical Cyclone ‘Yasi’ came through the central Great
Barrier Reef in February 2011 causing damage in a number of coastal
communities;

Advanced notice was given including weather predictions, SMS and
Voice Mail alerts leading to the evacuation of some towns;

The GBROOS data gave important information on the progress and
impact of the cyclone;

Gave a unique opportunity to study the impact of the cyclone and
correlate this to the observations collected.
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Real Time Data — Sensors and Sensor Networks
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Models and Predictions
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Response
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Breaking Mews NSW/ALCT Mational

World Wacky Sunday Telegraph Features Classmate Tributes
Last Updated: March 09, 2011 [ [l sEARCH]
Cardwell a ghost town ahead of Cyclone Yasi
By Petrina Berry | The Daily Telegraph | Felruary 02, 2011 3:45PM Sh =1 -share
ehRecommend [ & recommendations. Sign Up to see what your Friends recommend. ¢} [:] Share

Video Image Flash

Anne Reid and daughters Grace, 13, and Emma, 11, sandbag their take away store in Cardwell. Picture: Tran Jack Saowrce: The Daily
Telegraph

THE small nerth Queensland town of Cardwell is a ghost town ahead of Cyclone Yasi.

Mo one's been stupid enough to hang around to see what devastation category five Cyclone Yasi
will do to the seaside tourist town.

Mo wonder really.

The anly thing that separates the beach from the main drag, and the town's homes, is the Bruce
Highmway.

There's simply nothing to stop the up to seven-metre storm surge Yasi's expected to send into
the tomn.

body+soul | CARS | JOBS |

Galleries Photo Sales Weather

ﬁ Sydney 19°C - 29°C , Cloudy,

CLASSIFIEDS ™ | NEWS NETWORK [

- Telstra 3G 2:22 PM

Messages

“QLD Tropical Cyclone
Warning for Lucinda to
Proserpine. TC Anthony
(cat1) 830km ENE of
Townsville moving SW.
May intensify on approach
later Sunday. ewn.com.au

.. -
01/02/2011 5:08 PM

“QLD TC Warning for Cape
Melville to Sarina & Inland.
Yasi 1020km ENE of
Townsville moving
SW@34km/h. Damaging
gusts developing from Wed
morning. Www.ewn.com.au

©

e w
Gwrantsa Fui Bidhan Gehad Fik
T R T

n Facebaok sacial plugin

Sigl‘l Up Create an account or log in to see what your
= Frirnrs are rerammendin.




Role of Sensor Networks in Emergencies

Real time measurements of events as they occur, often
from areas that are no longer safe for people;

Data directly linked into event detection systems and
models to predict likely outcomes;

Multi-use systems — data used by a number of systems for
various usage;

Image and video data useful for public awareness;

Historical data important for post-event analysis.




2. Ecological Applications — Coral Bleaching

Corals are animals with single cell algae embedded in their
tissues;

Normally the algae provide up to 70% of the food for the
coral, the coral provides a home;

Under conditions of high light and temperature the
relationship breaks down and the coral expel the algae =
bleaching;

Without its food source the coral will die unless conditions
allow it to re-establish the relationship with the algae.




Mass Coral Bleaching

Distribution of Coral Bleaching Events, 1998

Severity of bleaching
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We now know what conditions lead corals to bleach, we
have detailed measurements for some reefs.

The sensor network observing systems can be used to
predict places and times of potential bleaching;

Using the real time measurements with simple models of

bleaching we can produce bleaching threats maps for
local reef managers.




Coral Bleaching Indicator — Davies Reef
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Davies Reef — Measured temperatures

Temperature

Davies Reef - Actual temperatures against long term (20 year) average
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Davies Reef Bleaching Indicator
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Lizard Island — Measured Temperatures
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NOAA / AIMS Coral Reef Bleaching alerts

NOAA, using satellite data and data from observing
systems, such as GBROOQOS, identifies areas of the ocean
that are hotter than their long term mean;

They use a measure of how much hotter than normal and
how long the temperature has been above the average to
develop a bleaching indicator;

The GBROOS data is used to correct the satellite data and
to help in the models that produce the indicator maps.
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Forecast — April to July 2010, predicts observed
bleaching in S.E. Asia.
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3. Video and Image Monitoring

Sensor networks support image and video analysis
through high speed IP communications, web
cameras and on-node image processing;

Potential uses include:
— Jelly fish monitoring

— Crocodile monitoring
— Fish behaviour

— Surveillance

— Beach monitoring




Jellyfish monitored using remote cameras




Coral Reef Environmental Observatory Network

* CREON is an international group looking at the development
of coral reef sensor networks;

e Current sites include the Great Barrier Reef in Australia,
Kenting and Orchid Island in Taiwan, Moorea in French
Polynesia and Racha Island in Thailand;

 The group looks to help groups establish sensor networks
and then develop information systems to identify patterns
in conditions across the sites.




Coral Reef Environmental Observatory Network
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In September 2010 a joint CREON project was organised
with scientists from Walailak University Thailand,
University of California San-Diego and the Australian
Institute of Marine Science;

ideo

<

existing weather stations, temperature loggers and
cameras to a new CTD instrument;

The aim was to document environmental conditions over
the coming summer to identify if coral bleaching
conditions occurred.




Temperature Data from Racha Island, Thailand (blue)

and Lizard Island, Australia (red)
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Salinity Data from Racha Island, Thailand (blue) and

Lizard Island, Australia (red)
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3. A wired world — the visior

 Technology has a part to play in
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, issuesofthez:lst Centu ry;

% » Informing decision makers, whether in
emergency or in making longer term plans, is a critical

collect data in other ways such as during storms or
cyclones.




)

e Currently the Internet is used to connect people (via
~ browsers) to machines (servers) to information;

Sensor Systems and hOW they dehver data and
~ information products.




Cloud Computing:
*Receives Data, Processes Data (QC, formats)
*Detects Events from range of Data

*Send Events Notification

*Sends Control Commands

*Sends Data to Modelling and Decision systems

Sensor:
*Collects and Processes Data
*Sends Data to Cloud

*Sends Event Notifications
*Receives Control Commands Yy .

s -
*Receives Events from other Systems L '; =
$ TN
Clients:

| *Receive Data and Event Notifications

*Formats and presents Data and Notifications
*Defines and Subscribes to events

*Can input data back into the system (user feedback)

"

Modelling & Decision Support Systems:
*Receives Data and Events

! *Models likely responses

*Produces scenarios

*Generates model outputs

*Sends Control Commands to sensors to obtain required data
*Sends Alerts based on events and scenarios
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Sensors on ‘Twitter’
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Our ability to deal with emergencies, to safeguard our
people and environments will need to include new ways of
collecting and using mformatlon,

Sensor Networks represent an excmng new set of _
technologles to deliver new capacity and with this new g
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