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Acronyms

AN NN

Bureau
DDC

district group(s)

Bureau of Meteorology
District Disaster Coordinator

district disaster management group(s)

DDMG Disaster District Management Group
DDO Declared Disaster Officer
DEM Digital Elevation Model
DSITI Department of Science, Information Technology and Innovation
the Act Disaster Management Act 2003
IGEM Inspector-General Emergency Management
LDMG Local Disaster Management Group
POCC Protecting our Coastal Communities Project
QEG Queensland Evacuation Guidelines
(refer to guidelines at http://www.disaster.qld.gov.au/Disaster-Resources/
Documents/2907EMQ_SDMG_QLD_Evac%20Guide_web.pdf)
QDMA Queensland Disaster Management Arrangements
QDMC Queensland Disaster Management Committee
QFES Queensland Fire and Emergency Services
QPS Queensland Police Service
QTCCC Queensland Tropical Cyclone Consultative Committee
SDC State Disaster Coordinator
SDCC State Disaster Coordination Centre
SDMP State Disaster Management Plan
SES State Emergency Service
SEWS Standard Emergency Warning Signal
(refer to guidelines at http://www.disaster.qld.gov.au/Disaster-Resources/Documents/
Standard%20Emergency%20Warning%20Signal%20SEWS.pdf)
TCWC Tropical Cyclone Warning Centre
TMST Theoretical Maximum Storm Tide
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Tidal Levels

AN NN

HAT

LAT

LWD

AHD

PD

MSL

MWL

SWL

Highest Astronomical Tide

Lowest Astronomical Tide

Low Water Datum

Australian Height Datum

Port Datum

Mean Sea Level

Mean Water Level

Still Water Level

EDITION 12 2016

The highest water level that can be predicted to occur at
a particular site under average weather conditions. This
level may not be reached every year.

The lowest water level that can be predicted to occur at
aparticular site under average weather conditions.
This level may not be reached every year.

Low Water Datum was superseded by the Lowest
Astronomical Tide Datum in 1994.

Australia’s vertical datum which approximates mean
sea level.

Predicted heights of the Astronomical Tide found in Tide
Tables are referenced to Port Datum which is equivalent
to LAT.

The average level of the sea over a long period
(preferably 18.6 years) or the level of the sea in the
absence of tides.

The mean surface level as determined by averaging the
heights of the water at equal intervals of time. At the
shoreline this includes wave setup and storm surge.

The surface of the water if all wave and wind action were
to cease.
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Storm Surge, Storm Tide

AN NN

1.1 The main threats from tropical cyclones come specifically from storm surge, high winds and
torrential rain. Potentially the most dangerous of these phenomena is the ‘storm surge’.

1.2 As a major cyclone approaches the coast, high winds whip up the sea generating currents
which push a raised mound of seawater (referred to as a ‘storm surge’) onto the shore. This
could be up to 5o kilometres or more across — and up to several metres high.

1.3 Itisimportant to understand that a storm surge is not merely a travelling wave of short duration
- but a massive three-dimensional movement of seawater that can last several hours. The storm
surge comes across the shoreline like a rapidly rising tide. The danger lies in the fact that the
sea level could exceed high water mark by some metres and flood coastal land.

1.4 The highest storm surges along Queensland’s east coast usually occur on the immediate left
hand side (relative to the direction of movement) of a land falling cyclone centre — just outside
the eye and within the belt of strongest onshore winds. On Queensland’s east coast, this is
usually on the southern side of a land-falling cyclone. In the Gulf of Carpentaria this is usually
on the eastern or northern side.

1.5 The storm surge height depends on a range of factors including: (a) intensity and size of the
cyclone — the stronger the winds the higher the surge; (b) shape of the seafloor — the more
gentle the slope the greater the surge; and (c) speed and angle of approach of the cyclone to
the coast. The height can be worsened by funnelling effects of bays and estuaries, and river
and local flooding caused by torrential rain.

1.6 Of most significance is the wind stress on the ocean surface. This produces an elevation of
seawater level in areas of onshore winds and a depression in areas of offshore winds. The low
pressure in the cyclone has a smaller affect.

1.7 Records of Queensland storm surges are very incomplete. The Bathurst Bay cyclone of 1899
allegedly produced a storm surge in excess of 10 metres with 307 lives lost at sea. Note that
some recent surveys question this great height. Other notable surges include 3.7 metres at
Mackay (1918); 3.6 metres just north of Townsville (Althea 1971); 3.3 metres in Upstart Bay near
Ayr (Aivu 1989); 3 metres in the Gulf of Carpentaria (Barry 1996); 2.3 metres at Clump Point
(Larry 2006); and 5.3 metres at Cardwell (Yasi 2011).

1.8 Storm surges up to 7 metres have been recorded in the eastern Gulf of Carpentaria, but could
also occur (rarely) around most of the Gulf and in some east coastal areas with shallow gently
sloping seabeds and bays.

1.9 Elevated sea levels are also the result of wave action, which is caused by the onshore mass
transport of seawater. Note that wave action can have a battering effect on vulnerable
structures near the shoreline.

1.10 The storm tide is the total water level obtained by adding the storm surge and wave setup to
the height of the astronomical tide (refer Figure 1a and 1b below).

1.11 The Theoretical Maximum Storm Tide is determined by considering the worst-case scenario of
the maximum potential storm surge coinciding with HAT.
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Further information regarding tropical cyclone storm tide can be found at
http://www.bom.gov.au/cyclone/about/stormsurge.shtml

Figure 1a: Depiction of ‘normal’ high tide, and storm tide'

*Note: Storm Tide level does not include wave run-up

Figure 1b: Time series of a typical storm tide

! Erom http://www.bom.gov.au/cyclone/about/stormsurge.shtml
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2. Agency Responsibility in Storm Tide Warning and Response

2.1

2.2

2.3

2.4

2.5

The Disaster Management Act 2003 (the Act) and the Strategic Policy Framework (SPF) guide
the Queensland Disaster Management Arrangements (QDMA). The State Disaster Management
Plan (SDMP) provides a detailed description of the QDMA. Groups have been established at
local, district and state level to provide effective disaster management throughout Queensland.
The QDMA structure enables, as required, a progressive escalation of support and assistance
through the levels as outlined in Figure 2. More detailed information about these groups can be
found in the SDMP.

Figure 2: Queensland Disaster Management Arrangement Structure (from SDMP 2015)

Under the provisions of the Act, all District Disaster Management Groups (DDMGs) and Local
Disaster Management Groups (LDMGs) are required to prepare disaster management plans to
manage possible disasters (from all hazards including storm tide) in their respective argeas.

Disaster coordinator roles that support each level of the disaster management arrangements
(i.e. local, district and State) are described in Section 4 of this Handbook.

The following paragraphs provide an outline of the agencies involved in the management of a
storm tide event in Queensland.

The Bureau of Meteorology (the Bureau) is a Commonwealth agency responsible for:

e  Provision of forecasts, warnings and long term outlooks on environmental phenomena
that affect the safety, prosperity and resilience of Australians;

e Monitoring the progress of tropical cyclones and issuing public Tropical Cyclone Advices
and Storm Tide Warnings as necessary. The Tropical Cyclone Warning Centre (TCWC) in
Brisbane is the operational hub; and

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12
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Being available to provide technical warning advice to the local, district and State groups
before and during a storm tide event.

2.6 The Department of Science, Information Technology and Innovation (DSITI) is responsible for:

Monitoring water levels using a network of storm tide gauges;
Liaising with the Bureau to confirm information in Storm Tide Warnings; and

Being available to provide technical advice on storm tide to the local, district and State
groups before and during a storm tide event.

2.7 The Queensland Fire and Emergency Services (QFES) are responsible for providing advice and
support to the local, district and State groups as per the role and responsibilities in the SDMP.
Responsibilities include, but are not limited to:

Establish and maintain arrangements between the state and Commonwealth about
matters relating to effective disaster management.

Ensure that disaster management and disaster operations in the State are consistent with
the State group’s strategic policy framework; the State Disaster Management Plan, the
disaster management standards and the disaster management guidelines.

Ensure that persons performing functions under the Act in relation to disaster operations
are appropriately trained.

Provide advice and support to the State group and local and district groups in relation to
disaster management and disaster operations.

Provide situational monitoring of events and incidents across the State via the SDCC
Watchdesk.

2.8 The Queensland Police Service (QPS) responsibilities include, but are not limited to:

Coordinate evacuation operations.

Coordinate the review and renewal of the SDMP.

Command the SDCC on activation.

Command the SDCC capabilities of operations and intelligence on activation.
Coordinate the review and renewal of the SDMP.

2.9 The Inspector-General Emergency Management (IGEM) is responsible for providing the
Premier, Government and people of Queensland an assurance of public safety, through the
establishment and implementation of an assurance framework to direct, guide and focus work
of all agencies, across all tiers of Government to the desired outcomes of the disaster and
emergency management arrangements for Queensland. The functions of the Inspector-General
Emergency Management and the Office of the Inspector-General Emergency Management are
prescribed in the Disaster Management Act 2003.
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N.B.

LDCs are appointed by their relevant

local government authority.

DDCs are appointed by the

Commissioner of Police.
SDC is appointed by the Chair,
QL land Disaster M it
Committee and Commissioner of Police.

Figure 3: Agency relationships within Queensland’s disaster management arrangements
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3. Storm Tide Warning Response System

AN NN

Overview

3.1 Storm Tide Warnings are issued for the restricted information of disaster management
authorities. Copies of these warnings are not issued to the media or the general community
due tothe technical expertise needed to interpret them. Unauthorised dissemination could
adversely affect public safety. Any person with access to Storm Tide Warnings is not to pass
copies to the media or the general community, who will be kept informed of any storm tide
threat as necessary in Tropical Cyclone Advices. However, release of selected details of the
warnings may be made in exceptional circumstances with prior agreement of the issuing
authorities if considered to be in the public interest.

3.2 The Bureau activates the Storm Tide Warning Response System if it is anticipated that a storm
tide could occur which would result in a total water level in excess of the Highest Astronomical
Tide (HAT) in the area under threat. Estimates of the storm tide associated with the forecast
cyclone track are provided for agreed locations. In addition, warnings provide estimates of
storm tide under the ‘worst case’ assumption should the cyclone centre cross the coast near
any of the locations near the time of high tide.

3.3 The Storm Tide Warning Response System is linked directly to the Tropical Cyclone Warning
Response System. Refer to Figure 5 for a diagram of the Storm Tide Warning Response System
and its linkage to the Tropical Cyclone Warning System.

3.4 During the Cyclone Information phase and prior to the declaration of a Cyclone Watch zone, if
the forecast track map or text products show a cyclone crossing the coast, verbal briefings will
be held with SDCC and DSITI Storm Tide Advisers. No additional storm tide products will be
issued at this stage.

3.5 During a Cyclone Watch phase if the forecast track shows a cyclone crossing the coast, verbal
briefings will continue as in the Cyclone Information phase. If the forecast track shows a
tropical cyclone crossing the coast and there is a possibility that HAT will be exceeded, a Storm
Tide Warning will be provided to the SDCC and to the DSITI Storm Tide Adviser. Storm Tide
Warnings will be updated at 6 hourly intervals during the Cyclone Watch phase.

3.6 During a Cyclone Warning phase, if there is a possibility of HAT being exceeded, Storm Tide
Warnings will be updated at 3 hourly intervals.

3.7 Storm Tide Warnings will, where possible, be issued at least 24 hours prior to the forecast
onset of 100 km/h wind gusts affecting coastal and island communities with consideration
given, where possible, to issuing Evacuation Orders during daylight hours.

Storm Tide Warning

3.8 A STORM TIDE WARNING is issued during a Cyclone Watch or Cyclone Warning phase when a
chance of a storm tide risk exceeding HAT is identified.

3.9 The warning specifies “worst case” scenario storm tide estimates for key locations, based
on the locations in question experiencing a combination of conditions, within the bounds of
forecast uncertainty, to produce a larger storm tide from a slightly more intense cyclone with
a centre within the range of possibilities as depicted by the grey area on the most recent TC
Forecast Track Map. Generally this would mean the cyclone impacting close to the location,
such that it experiences maximum onshore winds at a time near to or at the local high tide. The
storm surge and storm tide figures presented in this table generally do not represent the most
likely outcome, which is represented by the “Forecast Track Scenario”. Storm tide heights in the
warnings are referenced to Lowest Astronomical Tide (LAT), Australian Height Datum (AHD) and
Highest Astronomical Tide (HAT).

11 EDITION 12 2016 Tropical Cyclone Storm Tide Warning Response System Handbook



3.10

3.11

3.12

313

3.14

3.15

3.16

3.7

3.18

The warning also specifies additional “forecast track” scenario estimates of the predicted
storm tide for key locations, based on the most recent forecast track, and expected tide
conditions at the forecast time of coastal crossing. Storm tide heights in the warnings are
referenced to each of LAT, AHD and HAT.

The warnings also specify estimates of the time of onset of 100km/h winds at each of the
locations. An estimate is provided of the time of onset based on the most likely forecast track,
and in addition an estimate of the earliest possible time based on forecast track uncertainty.
The outer ring (Strong Gale Force Wind Boundary) on the forecast track maps encloses the area
in which wind gusts are estimated at 100 km/h or more (refer to sample forecast track map at

Figure 4).

The warning will generally be updated with each update of the Tropical Cyclone Advice (see
Appendix C) but at no more frequently than 3 hourly. This could vary if the danger of a storm
tide is advanced in time or the portion of coastline under threat has significantly changed.

A FINAL STORM TIDE WARNING will be issued after the cyclone has crossed the coast or the
chance of exceeding HAT has ceased.

It should be noted that whenever a threat exists, the Bureau would include a qualitative
description of the expected storm tide impact in the routine Tropical Cyclone Advices to the
general community. If tides are not expected to exceed HAT a statement to the effect that ‘tides
could be higher than normal’ may be included in Tropical Cyclone Advices but no Storm Tide
Warnings issued.

If a total water level above HAT is expected a Storm Tide Warning is issued to disaster
management authorities before a qualitative description of the storm tide threat is given in
Tropical Cyclone Advices.

Storm Tide Warning Graphics will be issued for key locations in conjunction with the Storm
Tide Warning to assist with interpretation of the Storm Tide Warning. Refer to Figure 6 and to
paragraphs 3.27 to 3.30 for further details. The Storm Tide Warning graphics are available
via the Bureau’s registered user webpage for the SDCC (http://reg.bom.gov.au/reguser/,
username and password are available to emergency management officials from the SDCC
Watchdesk).

Evacuation advice should be based on the official Storm Tide Warnings and associated Storm
Tide Warning Graphics. Any other graphical or mapping products derived directly from surge
model outputs may not have had the same quality control applied and are to be treated with
caution.

A sample Storm Tide Warning is shown in Figure 7.

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12
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Figure 4: Sample Tropical Cyclone Forecast Track Map
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Standard Emergency Warning Signal (SEWS?)

3.19 The STANDARD EMERGENCY WARNING SIGNAL (SEWS) alerts the community to the broadcast of
an urgent safety message relating to a major disaster or emergency. SEWS will be heard:

e if destructive wind gusts (greater than 125 km/h) are expected on the coast or islands
during the following 12 hours;

e ifastormtide greater than 0.5 metres above HAT is expected in the forecast track scenario;
and/or

e the evacuation of a significant number of people has been authorised during a Disaster
Situation.

Technical considerations and local effects

3.20 The storm tide height given in official warnings is based on calculation of the open coast storm
tide with appropriate allowance made for: (a) amplification in large bays and estuaries; (b)
wave action; and (c) where possible, river flooding.

3.21 The possible increase of the storm tide in smaller bays and estuaries, and the effect of
local flooding, will generally not be included in the storm tide height estimate because of
inadequate information on what the impacts might be in particular cases.

3.22 Because the height of the storm tide depends upon the intensity of the cyclone, its forward
velocity and the time and place of landfall, errors in estimating any of these parameters may
result in errors in the forecast storm tide height.

3.23 The height of the storm tide is very much dependent on the phase of the astronomical tide and
therefore on the time of landfall of the cyclone. In Queensland, tides are mainly semi-diurnal
and tidal range can be quite large. This tidal range means a difference of a few hours in time of
landfall can have a major influence on the storm tide height.

3.24 The accuracy of the forecast time of landfall is usually the most significant uncertainty, and may
vary by as much as 6 hours when a cyclone centre is still 12 to 24 hours from the coastline. To
provide a realistic safety margin, the Bureau provides storm tide predictions based on both the
‘worst case’ scenario and ‘forecast track’ scenario. If possible, the forecast storm tide height is
refined with every issue of the Tropical Cyclone Advice.

3.25 Individual waves associated with the cyclone may run up the foreshore slope to levels well
above the mean waterline. This swash ‘wave run-up’ depends on the wave height, wave period,
beach slope and the nature of the foreshore and can locally increase water levels periodically
by up to several metres near the shoreline above the storm tide level.

3.26 Storm tides will penetrate the coast to different extents in different locations depending on the
depth of inundation; the obstruction to flow by buildings; and vegetation and other factors.
Storm Tide Emergency Response Maps (e.g. those produced under the National Storm Tide
Mapping Model project) assume the storm tide water level remains horizontal. Of particular
concern is the damage potential of both wave action and a significant backwash as the water
retreats. Channelling of seawater through canal developments may further exaggerate the
impact. Shoaling of navigational channels may impede vessel traffic and hamper harbour
operations.

2 QFES are working on the review of disaster management guidelines in line with government priorities.This includes SEWS.

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12
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Storm Tide Warning Graphic

3.27 The Storm Tide Warning Graphic pictorially summarises the various seawater level heights
given in the Storm Tide Warning text for a particular location. The warning heights are always
referenced to LAT, AHD and HAT. The graphic includes a height scale referenced to both AHD
and Lowest Astronomical Tide (LAT) (on the right and left sides of the scale-bar respectively).

A table accompanying the graphic also lists the key heights in AHD and LAT. Note that the
graphical product is for a single site only that is chosen from a list of suitable sites on a relative
risk basis (see Appendix D for the complete list of potential sites).

3.28 A new graphical product will be issued with each text Storm Tide Warning.

3.29 The example zones in Figure 6 relate to the National Storm Tide Mapping Model. Many councils
have implemented the Queensland Evacuation Guidelines® which incorporate different zones
to the national model. The Bureau of Meteorology will endeavour to update these graphics to
reflect zones adopted by councils in the future.

3.30 The graphical product is accessible via a registered user web page, which is hosted by the
Bureau at http://reg.bom.gov.au/reguser/. The user ID and password are available to agencies
involved in disaster management by contacting the State Disaster Coordination Centre (SDCC)
by email sdcc@qgfes.gld.gov.au. The product will appear in the graphical storm tide warning
section and the links will only be active when a warning is current.

Storm Tide 2.0m AHD at 08:45AM Friday (3.5m LAT)
Storm Surge 0.3m
Wave Setup 0.1m

Friday High Tide 1.59m AHD at 08:52AM (3.07m LAT)
Friday Low Tide -1.14m AHD at 02:36AM (0.34m LAT)

HAT 1.72m AHD (3.2m LAT)
Worst Case 3.98m AHD (5.46m LAT)
AHD 1.48m LAT

Figure 6: Sample Storm Tide Warning Graphic

3 QFES are working on the review of disaster management guidelines in line with government priorities.

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12
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An example of a Storm Tide Warning

Storm Tide Warning
Issued at 5:24 am EST on Thursday 19 March 2015.

NOT FOR DIRECT RELEASE TO THE MEDIA OR THE GENERAL COMMUNITY FOR
URGENT ATTENTION

» State Disaster Coordination Centre (SDCC)
 District Disaster Coordinators at: CAIRNS
 Local Government Offices in the threatened zone

FOR INFORMATION

e Police Communications Centre Brisbane
* QFES Regional Directors in the threatened zone

SITUATION

Severe Tropical Cyclone Noname, category 3, is moving westwards towards the coast. The
system is expected to develop into a category 4 system during Thursday and cross the coast
between Cape Melville and Cape Tribulation on Friday morning. The worst case scenarios allow
for the cyclone to intensify slightly more than expected, and slow down, such that the landfall

is closer to or on Friday morning’s high tide. Worst case predictions for locations south of
Cooktown assume a crossing well to the north but inside the grey zone indicated on the forecast
track map. In all cases the highest water level is expected to occur with Friday morning’s high
tide rather than at coastal crossing time.

STORM TIDE: WORST CASE SCENARIO

Location Tide Storm Sure Wave Setu Storm Tide Storm Tide Storm Tide
(m above LAT) 8 P (m above LAT) | (m above AHD) | (m above HAT)
3.0m
Cooktown 8:52 AM 2.0 0.5 5.5 4.0 2.3
20 Mar
Port 3.2m
8:55 AM 1.2 o. . 2 1.
Douglas 235Mar 3 4.7 3 4
3.3m
Cairns 9:05 AM 0.9 0.3 4.5 2.9 1.0
20 Mar

STORM TIDE: FORECAST TRACK SCENARIO

Location Tide Storm Surge Wave Setu Storm Tide Storm Tide Storm Tide
(m above LAT) 8 P (m above LAT) | (m above AHD) | (m above HAT)
3.0m
Cooktown 8:45 AM 0.3 0.2 3.5 2.0 0.3
20 Mar
Port 3.2m
8:55 AM 0.2 0.2 .6 2.0 0.2
Douglas 5 gSM ar 3
3.3m
Cairns 9:00 AM 0.2 0.1 3.6 2.0 0.1

EDITION 12 2016
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Notes:

1. The “Worst Case Scenario” storm tide heights are based on the locations in question
experiencing a combination of conditions, within the bounds of forecast uncertainty, to
produce a larger storm tide from a slightly more intense cyclone with a centre within the
range of possibilities as depicted by the grey area on the most recent TC Forecast Track
Map. Generally this would mean the cyclone impacting close to the location, such that it
experiences maximum onshore winds at a time near to or at the local high tide. The storm
surge and storm tide figures presented in this table generally do not represent the most
likely outcome, which is represented by the “Forecast Track Scenario”.

2. The contribution due to wave set-up has been included. Storm tide = normal tide + storm
surge + wave setup.

3. The additional contribution due to wave run-up has not been included. See para 3.25 of the
Handbook.

4. LAT is the Lowest Astronomical Tide (published tide tables use this reference datum)
5. HAT is the Highest Astronomical Tide
6. AHD is the Australian Height Datum

ONSET OF DAMAGING WINDS
Wind gusts expected to exceed 100 kilometres per hour are expected at:

. . . F Track Ti
Location Earliest Onset Time (local) LR (LT

(local)
19 Mar 19 Mar
Cooktown 2:00 PM 8:00PM
Port 19 Mar 19 Mar
Douglas 5:00 PM 10:00 PM
. 20 Mar
Cairns 3:00 AM Not expected

OBSERVED TIDES
See - www.qld.gov.au/tides

The next Storm Tide Warning will be issued by 9am EST Thursday 19 March 2015.

Further details are available from the following sources:

1. Tropical Cyclone forecasts and warnings
QFES Meteorologist - Telephone (07) 3635 xxxx / (07) 3239 xxxx
Bureau of Meteorology - Telephone (07) 3239 xxxx

2. Technical aspects of the Storm Tide
SDCC(DSITI) - Telephone 04xx XXX XXX

Telephone numbers are restricted to official use only.

Further information on technical considerations and local effects can be found in the Tropical
Cyclone Storm Tide.

Warning - Response System Handbook at http://disaster.gld.gov.au/Disaster-Resources/
Documents/Storm-Tide-Handbook.pdf.

Figure 7: an example of a Storm Tide Warning

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12 18



4. Disaster Management Response S

Overview

4.1 Distribution of the Bureau Storm Tide Warnings is restricted to disaster management
authorities. The storm tide warning will indicate the coastal zones, which may be affected, the
approximate time of occurrence of the Storm Tide, and the estimated storm tide height above
each of LAT, AHD and HAT.

4.2 Based on the information provided in the Storm Tide Warnings, consideration may be given
to directed evacuation®* as an option if it is reasonably likely that the event may pose a threat
to human life or risk of illness or injury. In these situations persons may also decide to self
evacuate®.

4.3 A Local Disaster Coordinator (LDC), after consultation with the District Disaster Coordinator
(DDC), may advise people in threatened areas to undertake a voluntary evacuation while
consideration is being given to whether directed evacuation is required. A Voluntary Evacuation
Advice is distributed through the media without the SEWS. The option of voluntary evacuation
must be included in local evacuation plans.

4.4 Adirected evacuation under the Disaster Management Act 2003, is conducted using
empowerments provided by a disaster situation declaration under the Act. ADDC may declare a
disaster situation if satisfied that the requirements of section 64 of the Act have been met. The
declaration of a disaster situation requires the approval of the Minister responsible for Police,
Fire and Emergency Services, and must be made in accordance with section 65 of the Act.
During a disaster situation, the DDC and Declared Disaster Officers(DDOs) are provided with
additional powers under sections 77-78 of the Act. These powers may be required to give effect
to a directed evacuation. An LDC, as part of the LDMG, may make a recommendation to a DDC
that a directed evacuation is required based on their situational awareness in the preparation
for an imminent disaster. However, as the LDMG/LDC has no legislative power to effect a
directed evacuation, the responsibility for authorising a directed evacuation remains with the
DDC.

4.5 The declaration of a disaster situation will provide the DDC and DDOs with the necessary
powers to effect a directed evacuation. If this measure is required, the DDC is to keep the
QDMC informed, through sitreps to the SDCC, of areas evacuated and areas likely to be
evacuated.

4.6 Once a declaration of a disaster situation has been made the DDC or DDO may direct persons to
evacuate (a directed evacuation) from the declared area. In conducting directed evacuations,
the DDC or DDOs may require persons to give them reasonable help in conducting evacuations.
This may include persons from the Local Group including the State Emergency Service (SES).

4.7 TCWC Senior Forecasters and DSITI Storm Tide Advisers will be available for consultation. DDCs
and LDCs can dial the access numbers provided in the Storm Tide Warnings.

4.8 For further information on evacuation planning consult the Queensland Evacuation Guidelines
for Disaster Management Groups available at http://www.disaster.gld.gov.au/Disaster-
Resources/Documents/29o7EMQ_SDMG_QLD_Evac%20Guide_web.pdf

4.9 Forfurther information on functions, roles and responsibilities of disaster coordinators across
the QDMA see the Disaster Management Act 2003 and the SDMP.

4 Directed Evacuation: The planned movement of persons from an unsafe or potentially unsafe location to a safer location and their
eventual return.

® Self Evacuation: Individuals proactively make their own decision to evacuate prior to any direction from authorities.
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Queensland Evacuation Guidelines’

4.10 The Queensland Evacuation Guidelines are based on agreed emergency management
principles anqqqd reflects an all hazards approach to evacuation within Queensland. The
aim of the document is to assist disaster management groups during the planning and
implementation of thenevacuation process within Queensland.

4.11

4.12

4.13

4.14

Some important considerations when devising local evacuation plans for storm tide include:

Accuracy of predictions: In the early stages of a storm tide event, storm tide estimates
are a rough approximation due to the limitations of the science behind predicting these
events. As the cyclone moves closer to the coast, it is possible to obtain a higher degree
of precision in predicting the storm tide. As the forecast accuracy increases, the time
available to evacuate diminishes rapidly.

Time available: Any evacuation should be completed before wind conditions prohibit
outside movement (i.e. regular wind gusts to 100 kilometres per hour). For planning
purposes, the winds reaching this threshold are most likely to occur 3 to 12 hours before
the cyclone centre crosses the coast, though earlier onsets are possible depending on
the size and speed of the cyclone. For a particular cyclone, the outer ellipse on Tropical
Cyclone Track Maps shows the distance of 100 kilometre per hour wind gusts from coastal
centres.

Associated Flooding: Coincidental river flooding may increase the height and extent of
tidal penetration in some localities.

LDMGs should ensure local communities are prepared through providing evacuation maps,

with

identified evacuation zones so that they can be used to guide evacuations. Local

knowledge will aid in determining the evacuation zones.

Low offshore islands may be completely inundated. The short prediction lead-time for storm
tides may eliminate the ability to evacuate such locations in the face of a cyclone. The decision
to evacuate such islands should be based on public Tropical Cyclone Warnings rather than
Storm Tide Warnings.

The Evacuation Guidelines should be used in conjunction with this Handbook when devising
storm tide evacuation zones and arrangements for evacuating communities vulnerable to storm

tide.

6 QFES are working on the review of disaster management guidelines in line with government priorities.
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Roles during a storm tide response

4.15 The three operational phases of the Storm Tide Warning System include:

e Initial Storm Tide Warning;
e Subsequent Storm Tide Warnings;
e Final Storm Tide Warning.

4.16 The operational roles required from various entities and positions during these stages are
detailed below.

State Disaster Coordination Centre

Initial Storm Tide Warning

e The QFES Watch Desk to liaise with and alert the SDC (when appointed), Executive
Director, QFES Operations Branch, Director, Disaster Management Services Unit,
Executive Manager and DSITI representative, that a Storm Tide Warning has been
issued and recommend required actions.

The QFES Watch Desk to alert affected DDCs and affected QFES Regional Directors
in cyclone watch and warning zones, as required.

Alert Minister, QDMC and SDCG members.
Contact DSITI to have a Storm Tide Adviser available.

Subsequent Storm Tide Warnings

Alert SDC and DDCs in the threatened zone and verify receipt.

Consult with TCWC Senior Forecasters and DSITI Storm Tide Advisers on the DDC’s
recommendation.

Provide advice to feed into the DDC’s recommendation

Notify DDC, QFES Regional Directors, Police Communications Centres, TCWC and
DSITI of the decision reached.

Relay the Minister’s written approval to the DDC so a Disaster Situation can be
declared. In the case of a verbal declaration, QPS would confirm and organise the
formal written approval and QFES CLLO to arrange gazetting as soon as practical.

e Receive evacuation progress reports from the DDC.

Final Storm Tide Warning

e Advise SDC, DDCs and QFES Regional Directors and verify receipt.
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Chair - District Disaster Management Group

Initial Storm Tide Warning

Receive a copy of the warning from both the Bureau and the SDCC.
Confirm receipt of warning to SDCC.

Review district disaster plans.

Alert and liaise with DDMG members and prepare to stand-up DDCC.
Alert and liaise with the relevant LDC(s).

If appropriate, liaise with the SDC (if appointed) and SDCC for any strategic advice
from QDMC on disaster response operations.

Seek the Minister’s approval to declare a Disaster Situation, verbally if the
situation warrants (see 4.4 of this Handbook).

Subsequent Storm Tide Warnings

Receive a copy of the warning from both the Bureau and the SDCC.
Confirm receipt of warning to SDCC.
Alert relevant LDC(s) of warning.

Convene a meeting of the DDMG and consult with the engineer, other advisers and
LDC(s) on the need for evacuation.

Liaise with the LDC regarding the issue of Voluntary Evacuation Advice (without
releasing SEWS), for specific high risk areas.

Liaise with, and seek advice from, the QDMC through the SDC (if appointed) and
SDCC regarding planned evacuations and inform of areas already evacuated.

Make preliminary arrangements with the local media to broadcast a ‘Directed
evacuation’ (with SEWS) to the public, in accordance with the Local Evacuation
Plan.

Receive approval to declare a Disaster Situation from the Minister and/or the
District Disaster Coordinator, and notify LDC(s) when to proceed with directed
evacuation of specific areas.

e |ssue an Directed Evacuation Order — and update as necessary.

Final Storm Tide Warning

Receive a copy of the final storm tide warning from both Bureau and the SDCC.
Confirm receipt of warning to SDCC.
Alert and liaise with the relevant LDC(s) regarding the final warning.

Issue a Media Bulletin which may include information on the transition to
recovery.
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Local Disaster Coordinator

Initial Storm Tide Warning

Receive a copy of the warning from the Bureau.
Review relevant disaster plans including the local evacuation plan.

Liaise with DDC regarding specific high risk areas that may need voluntary
evacuation, as detailed in the local evacuation plan.

Advise LDMG members, consulting engineer and other advisers.
Activate local evacuation plan.

Subsequent Storm Tide Warnings

Receive a copy of the warning from the Bureau.
Liaise with the Chair of the LDMG and convene a meeting.

Liaise with the consulting engineer to local government and other advisers on the
need for evacuation.

Liaise, if necessary, with the TCWC Senior Forecasters and DSITI Storm Tide
Advisers.

Advise DDC of recommendations for evacuations.

Receive DDC notification to proceed with Directed evacuation of specific areas.
Release local evacuation information to public.

Keep DDC informed of evacuation progress.

Final Storm Tide Warning

® Receive a copy of the warning from the Bureau.
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5. Emergency Response Maps S

5.1 Itis essential that all authorities engaged in disaster management activities have maps that are
relevant to their area of responsibility.

5.2 Most local authorities at risk from storm tide inundation now operate geographic information
systems (GIS) in which data on roads, properties and lifeline infrastructure are held digitally.
The data available in these information systems is ideal for use in all aspects of disaster
management. Many of these systems also contain very detailed digital elevation model (DEM)
data (i.e. topographic). This data is typically far more accurate and detailed than traditional
mapping products. For example, 0.25 metre elevation contours referenced to the Australian
Height Datum (AHD) are available for the majority of coastal communities. These DEMs are

5.3 The Protecting our Coastal Communities Project (POCC) acquired high resolution elevation data
over coastal communities. This data was captured for majority of coastal communities and is
available to local governments and other state government agencies through the Department
of Natural Resources and Mines (DNRM). A link to a map showing latest elevation data coverage
is available through the DNRM website: https://www.dnrm.qgld.gov.au/__data/assets/pdf
file/0003/109344/lidar-capture-projects.pdf).

5.4 Storm tide maps throughout Australia have been produced to a variety of standards and
the Queensland Tropical Cyclone Consultative Committee (QTCCC)’ identified this factor as a
potential risk during disaster management operations, particularly where cyclones are likely to
affect multiple jurisdictions simultaneously.

5.5 To assist evacuation planning the POCC project has published elevation zones in half metre
increments from HAT up to an extreme event. These zones are an indication of potential storm
tide inundation for particular events using the bath tub approach. Please be aware that this
approach assumes water levels remain horizontal and for many communities local government
may have better information based on detailed modelling techniques. The information
provided by POCC is available via an interactive mapping site from the Public Sector Business
Agency ‘Situational Awareness Map’ portal (SAM) (http://mapping.psba.qld.gov.au/haths/,
username and password required).

5.6 The Total Operational Mapping system (TOM) currently available to the SDCC should and
is recognised as the “situational awareness” tool for the SDCC and DDCCs (State Disaster
Coordination Centre: Room for Improvement Strategy Report June 2014). The Public Safety
Business Agency (PSBA) is responsible for providing mapping services to the SDCC during
operations to support the SDCC and QDMC decision making (2015 State Disaster Management
Plan, Role and Responsibility Table, Public Safety Business Agency, p44). As an application TOM
is a web-based mapping application that uses the GeoCortex Essentials (Silverlight) technology
to allow users to view and interact with spatial information in an easy-to-use interface. Itis a
visualisation tool used for planning and situational awareness before and during emergency
events. TOM contributes to delivering a Common Operating Picture (COP) where all users are
able to access a consistent,

7 The QTCCC is a joint initiative between the Queensland Fire and Emergency Services and the Queensland Regional Office of the
Australian Bureau of Meteorology. The Committee provides a means of reviewing tropical cyclone information from a variety of sources
and recommending practical measures for cyclone impact reduction in Queensland.
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6. Appendices

AN NN

Appendix A - Tidal Planes

Extracted from The Queensland Tide Tables.
Online at http://www.msq.qld.gov.au/Tides.aspx.

The form of the tide changes along the Queensland coast. For places south from Lindeman Island
(latitude 20 degrees 28 minutes south) refer to the section semidiurnal tidal planes. For places in
the Torres Strait and the Gulf of Carpentaria refer to the diurnal tidal planes section. When seeking
information for places between Lindeman and Torres Strait where the classification may be either
semidiurnal or diurnal it is necessary to refer to both the semidiurnal and diurnal tables.

Permanent Mark or Benchmark (P.M.) or (B.M.)

Highest Astronomical Tide (H.A.T)

Mean High Water Springs (M.H.W.S.)

Mean High Water Neaps (M.H.\W.N.)

Mean Sea Level (MS.L)

Australian Heighl Datum \
(AH.D.) h

Mean Low Water Neaps (M.LW.N.)

Mean Low Water Springs (M.L.W.S.)

v v Datum of Predictions Port Datum \'\Lowest Astronomical Tide (L.A.T)

Figure 8a: Semidiurnal tidal planes

Semidiurnal tidal planes

The term ‘semidiurnal’ refers to a

tide which has a period or cycle of
approximately half of one tidal day
(about 12.5 hours). Semidiurnal tides
usually have two high and two low tides
each day. The tides at Brisbane Bar are a
typical example of semidiurnal tides.

Diurnal tidal planes

The term ‘diurnal’ refers to a tide which has

a period or cycle of approximately one tidal
day (about 25 hours). Diurnal tides usually
have one high and one low tide each day.
The tides at Karumba are a typical example
of diurnal tides.

¥ h 4

Parmanent Mark or Benchmark (FM.) or (B.M.)

Australian Heighl Datum
(AHD)

Datum of Predictions

Highest Astronomical Tide (H.A.T)

Mean Higher High Water (MHH.W.)

Mean Lower High Water (M.L.H.W.)

Mean Sea Level (M.S.L.)

Mean Higher Low Watar (MH.LW.)

Mean Lower Low Water (M.L.L.W.)

Port Datum

™._Lowest Astronomical Tide (LAT)

EDITION 12 2016

Figure 8b: Diurnal tidal planes
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Appendix B - Storm Tide Gauge Network

DSITI operates a network of storm tide gauges along the Queensland coastline. Information from
these gauges is provided on the DSITI’s storm tide web pages at: http://www.gld.gov.au/tides.

The Bureau uses the data to enhance its predictions whilst DSITI advises the State Group on
seawater levels, storm tide inundation and probable impacts on evacuation procedures. On request,
DSITI will provide advice to relevant DDCs, Local Groups and their specialist engineers.

Figure 9: DSITI Storm Tide Gauge Network and Wave Buoy Locations

Access to Information on Cyclones and Storm Surge

Telephone 1300 659 212
(for recorded public Tropical Cyclone Advices with state-wide access for the cost of a local call)
Web http://www.bom.gov.au/cyclone (Tropical Cyclone Advices and Track Maps)
http://www.qld.gov.au/tides (DSITI storm tide web pages)
http://www.qld.gov.au/waves (DSITI wave monitoring web pages)

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12
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Appendix C - Tropical Cyclone Warning Service

Tropical Cyclone Outlooks - are issued daily during the cyclone season and give the likelihood of a
tropical cyclone developing in the Eastern region (Coral Sea) and Northern region (including the Gulf
of Carpentaria) in the following 3 days.

Tropical Cyclone Information Bulletins - are issued every 6 hours when a cyclone exists in
Queensland waters, or when a low threatens to develop into a cyclone.

Tropical Cyclone Technical Bulletins - are issued every 6 hours when a cyclone exists in Queensland
waters, or when a low threatens to develop into a cyclone. These are in text format and provide
forecast track positions extending out to 120 hours (these will be available to the public on the
Bureau’s web site).

Tropical Cyclone Advices - are messages referring to specific cyclone threats. These messages are
sequentially numbered from 1 upwards for each cyclone.

Tropical Cyclone Advices contain messages detailing 2 levels of threat to coastal and island
communities, namely Cyclone Watch and Cyclone Warning.

e (Cyclone Watch - this message will be issued for localities where a cyclone centre is expected to
make landfall and/or wind gusts of 100 kilometres an hour or more are likely within the
next 1-2 days.

e (Cyclone Warning - this message will be issued for localities where a cyclone centre is expected to
make landfall and/or wind gusts of 100 kilometres an hour or more are likely within the

next 24 hours.
Tropical Cyclone Advices are issued 6-hourly when the threat is more than 24 hours away from the

coast and islands, increasing to 3 hourly and then hourly as the urgency of the messages increases.
Hourly updates may be issued for Category 2 (or greater) cyclones. The Bureau of Meteorology aims
to dispatch Advices at least 10 minutes before the hour they are due so that the media can broadcast
them close to the hour.

Each Cyclone Warning will commence with a headline statement designed to summarise the essence
of the message. It will cover the area threatened and the level and timing of the threat.

Severe weather warnings - are issued (generally after landfall) when the system is no longer a
cyclone but severe weather and/or flooding rains are still being experienced.
Cyclone Category Scale

The system rates cyclones from 1 to 5, with 1 being relatively weak cyclones and 5 the most intense.
Category 3, 4 and 5 cyclones are severe with very destructive winds near the centre.

Category Wind Gusts (km/h) Potential Damage
1 90—125 Minimal
2 125-165 Moderate
3 165—-225 Major
4 225-280 Devastating
5 » 280 Extreme
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Standard Emergency Warning Signal®

In the case of tropical cyclones, use of the Standard Emergency Warning Signal (SEWS) will be
limited to those warnings where destructive winds are expected on the coast or islands in the next
12 hours and/or a damaging Storm Surge is predicted. Authorisation for the electronic media to use
the signal will be contained near the top of the Tropical Cyclone Advice. The SEWS may also be used
very infrequently for other serious and large-scale weather and flood events.

Networking stations have been asked to pay particular attention to the isolation of transmitters
so that undue alarm is not created by transmission of the signal into areas that are not seriously
threatened. It may not always be possible however to totally confine the transmissions.

8 QFES is currently reviewing the SEWS Guideline.
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Tropical Cyclone Forecast Track Map

The Tropical Cyclone Forecast Track Map (see sample at Figure 4) includes both the past track and
the forecast positions and intensities in 6-hourly time-steps out to 72 hours. It is important to

note however that this product does not contain all the information in the Tropical Cyclone Advice,
especially important details on the cyclone impact, such as the potentially dangerous threat of storm
tide. It is also unsuitable for mariners who are advised to refer to coastal waters and ocean wind
warnings.

A Tropical Cyclone Technical Bulletin is also available to the public on the Bureau’s web site. This will
generally include tropical cyclone forecast track positions extending out to 120 hours.

Detailed below are the main features of the Tropical Cyclone Forecast Track Map.

Forecast Track

e Distinctive colours are used to depict the Watch and Warning zones and the area of very
destructive winds (gusts »170 km/h), destructive winds (gusts »125 km/h) and strong gales
(gusts »100 km/h).

e The forecast track is the most likely path of the cyclone.

e The past track is shown along with the forecast positions out to 72 hours in 6-hourly time steps.

e The numbers in the circles at the centre locations show the Category, or if the system is expected
to significantly weaken, an “L” is used to indicate a low pressure centre.

Grey Zone of Uncertainty (otherwise known as the Cone of Uncertainty)

e The grey zone is the area within which the cyclone centre is expected to be in the following 72
hours.

e This covers most scenarios but occasionally the cyclone may move outside this area.
e Importantly, the impact of the cyclone will almost certainly extend well beyond the grey zone.

Wind Thresholds

e Solid coloured ellipses surround the current cyclone position, representing winds of various
strengths.

e The open ellipses surrounding the forecast positions represent the outer extent of each category
of wind strength, assuming the cyclone follows the official forecast track.

e Note that the ellipses may be omitted from the intermediate forecast positions to minimise
clutter.

e The winds are likely to extend beyond these areas as the cyclone will almost certainly not follow
the forecast track precisely. The coastal extent of the Warning zone reflects this uncertainty.
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MetEye

e The Tropical Cyclone Forecast Track Map is also available through the MetEye viewer on the
Bureau’s website (http://www.bom.gov.au/australia/meteye/). The past positions and forecast
positions to 72 hours ahead are viewable, as well as forecast positions to 120 hours ahead. A

sample is shown in Figure 10 below.Grey Zone of Uncertainty (otherwise known as the Cone of
Uncertainty)

e The grey zone is the area within which the cyclone centre is expected to be in the following 72
hours.

e This covers most scenarios but occasionally the cyclone may move outside this area.
e Importantly, the impact of the cyclone will almost certainly extend well beyond the grey zone.

Figure 10: Sample forecast track map showing 72 and 120 hour forecast
positions as displayed in the Bureau’s Meteye viewer
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Appendix D - Storm Tide Effects on Coastal Centres and accompanying maps and
tables

Centres of habitation on the Queensland coast are listed in the accompanying Maps and Tables.
These are classified into Disaster Districts comprising a number of local government areas.

* Tropical cyclone warning place names as used by the Bureau are SiiaGeaIgIean in the following
table for easy identification.

e Locations of the Queensland DSITI storm tide gauges have the location shaded yellow.

e The locations that the Bureau will provide Storm Tide Warning and Storm Tide Warning Graphics
are summarised in Appendix E.

Example

Point Name . Remarks

175 Pallarenda -19.20 146.77 Townsville City 2.22 National Storm Tide Map

For each centre the following information is given:

(a) Highest Astronomical Tide (HAT) above Australian Height Datum (AHD) or Mean Sea Level (MSL)
Indicative HAT values are based on points from the NDRP Storm Tide Interpolation Study, 2014

(b) Remarks

Where applicable, comments on whether a National Storm Tide Map is available or details of a
previous event exist.

The information presented in the table should be used with caution. It is the best available at the
date of printing but is derived from many different sources, hence its complete reliability cannot be
guaranteed. Where accuracy of data is of a critical nature, it is recommended that the user refer to its
official source for verification.
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Appendix E - Storm Tide Warning and Graphic Locations
For each location the following information is given:

(@) Highest Astronomical Tide (HAT) above Australian Height Datum (AHD) or Mean Sea Level (MSL)
(b) Theoretical Maximum Storm Tide (TMST) above Australian Height Datum (AHD).

Indicative TMST and HAT values provided are based on the nearest and highest TMST point value
identified within the NDRP Storm Tide Hazard Interpolation Study, 2014.

Nearest
Point 5 c Hat m AHD TMST m AHD
(App D)
1 Mornington Island -16.67080 139.13700 1.91 6.00
8 Albert River -17.50890 139.77800 2.81 10.00
11 Karumba -17.45199 140.78900 2.70 15.00
17 Pormpuraaw -14.91770 141.59000 1.88 8.00
19 Aurukun -13.34950 141.60730 1.60 8.00
21 Weipa -12.65480 141.81780 1.63 7.00
22 Mapoon -11.96750 141.91500 1.63 8.00
32 Thursday Island -10.58670 142.22000 2.09 7.65
35 St Pauls -10.20000 142.33340 2.16 6.50
36 Kubin -10.25000 142.21670 2.03 6.16
38 Boigu Island -9.23330 142.20000 2.76 8.34
39 Dauan Island -9.41660 142.55000 2.09 7.88
41 Ugar -9.51660 143.53340 2.09 4.79
44 lama -9.90000 142.76670 2.14 4.84
58 Lockhart River -12.81140 143.36710 1.72 9.40
67 Lizard Island -14.65440 145.43710 1.58 3.56
74 Cooktown -15.44390 145.24520 1.72 7.63
78 Bloomfield -15.90620 145.36910 1.68 6.94
91 Port Douglas -16.47960 145.48170 1.78 7.30
100 Palm Cove -16.72520 145.68950 1.68 5.79
111 Cairns -16.90350 145.78750 1.85 8.07
112 Green Island -16.75390 145.97970 1.73 4.79
123 Yarrabah -16.86820 145.88530 1.76 5.36
125 Flying Fish Point -17.49360 146.07700 1.84 6.43
135 Clump Point -17.84740 146.13370 1.90 7.07
145 Cardwell -18.25430 146.04300 2.30 11.16
149 Lucinda -18.51920 146.34640 2.12 8.69
152 Palm Island -18.74010 146.54870 2.10 7.77
171 Nelly Bay -19.17300 146.86380 2.10 9.77
179 Townsville -19.23790 146.82410 2.23 11.23
189 Alva -19.45410 147.48710 1.98 798
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Nearest

Point 5 o Hatm AHD TMST m AHD
(App D)
200 Molongle Creek -19.82320 147.69080 1.98 10.46
203 Abbot Point -19.86630 148.09300 1.97 8.22
209 Bowen -20.02440 148.24290 1.96 8.53
212 Brisk Bay -20.08900 148.29490 1.96 8.35
218 Dingo Beach -20.08820 148.50950 1.99 7.86
225 Airlie Beach -20.26370 148.70890 2.27 7.84
232 Hayman Is -20.06070 148.88170 2.40 5.91
240 Hamilton Marina -20.34240 148.94780 2.69 7.06
243 Conway Beach -20.49170 148.76810 3.33 11.69
251 Laguna Quays -20.59160 148.68350 3.46 12.60
280 Mackay -21.14700 149.22340 3.68 11.07
288 Hay Point -21.27730 149.30740 3.81 11.12
307 St Lawrence -22.29180 149.60410 5.07 14.71
312 Broad Sound -22.51110 149.95040 5.10 15.64
318 Shoalwater Bay -22.55200 150.56120 4.40 11.04
328 Great Keppel Island -23.19480 150.91670 2.64 8.42
329 Yeppoon -23.13340 150.78640 2.78 9.93
347 Port Alma -23.58090 150.85720 3.04 11.93
354 Gladstone -23.83630 151.26820 2.50 9.04
370 Agnes Water -24.19210 151.91070 1.96 6.21
381 Burnett Heads -24.78780 152.45610 2.00 6.90
407 Urangan -25.27700 152.89540 2.28 8.90
434 Rainbow Beach -25.89980 153.11440 1.25 4.96
436 Cooloola Beach -26.06640 153.14570 1.21 4.46
442 Noosa Heads -26.35500 153.09190 1.16 4.52
457 Mooloolaba -26.67910 153.13060 1.18 4.45
468 Golden Beach -26.82220 153.12620 1.07 4.42
483 Scarborough Boat Harbour -27.19160 153.10600 1.27 4.86
496 Brisbane River -27.37570 153.16170 1.53 5.61
513 Redland Bay -27.60580 153.30750 1.56 6.20
540 Southport -27.95410 153.41590 1.15 4.10
543 Main Beach -27.96600 153.43570 1.15 4.08
555 Coolangatta -28.16400 153.53000 1.13 3.98
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Appendix F - Useful Storm Tide References

Beach Protection Authority Queensland, (1979), Capricorn Coast Beaches: Chapter 8 - Water Level
Variations, 12pp

Beach Protection Authority Queensland,(1989), Hervey Bay Beaches: Chapter 7 - Water Level
Variations, 14pp

Beach Protection Authority Queensland, (1984), Mulgrave Shire Northern Beaches: Chapter 7- Water
Level Variations, Queensland Government 17pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Bowen, Beach Protection Authority
Queensland, 53pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Cooktown, Beach Protection
Authority Queensland 51pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Lucinda, Beach Protection
Authority Queensland 51pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Mackay, Beach Protection
Authority Queensland 52pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Mourilyan, Beach Protection
Authority Queensland 52pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Surfers Paradise, Beach Protection
Authority Queensland 5opp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Townsville, Beach Protection
Authority Queensland 51pp

Blain, Blemner and Williams Pty Ltd, (1985), Storm Tide Statistics: Yeppoon, Beach Protection
Authority Queensland 53pp

Burnett Shire Council, (1997), Burnett Coast Storm Tide Plan, 62pp

Callaghan, J, (2007), Archive; Known Impacts of Tropical Cyclones, Gulf of Carpentaria, 1885 — 2007,
Bureau of Meteorology, Brisbane

Callaghan, J, (2011), Archive: Severe East Coast Tropical Cyclones, 1887 — 2011, Bureau of
Meteorology, Brisbane

Connell Wagner, Lawson and Treloar, (2004), Bowen Shire Storm Tide Study, Bowen Shire Council,
95pp

Connell Wagner, Lawson and Treloar, (2003), Caloundra City Council Storm Tide Study - Counter
Disaster Planning Report, Caloundra City Council 48pp

Connell Wagner, Lawson and Treloar, (2003), Caloundra City Council Storm Tide Study - Development
Report, Caloundra City Council 140pp

Connell Wagner, Lawson and Treloar, (2003), Capricorn Coast Storm Tide Hazard Investigation,
Livingstone Shire Council 53pp

Connell Wagner, Lawson and Treloar, (2004), Hinchinbrook Storm Surge Study, Hinchinbrook Shire
Council 85pp

Connell Wagner, Lawson and Treloar, (2005), Maroochy Shire Storm Tide Study - Counter Disaster
Planning Report, Maroochy Shire Council 47pp
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Connell Wagner, Lawson and Treloar, (2005), Maroochy Shire Storm Tide Study - Development Report,
Maroochy Shire Council 146pp

Connell Wagner, Lawson and Treloar, WS Group, (2003), Storm Tide Risk Management Study for
Broadsound Shire Council and Sarina Shire Council, Broadsound Shire Council, Sarina Shire Council

93pp

Department of Public Lands, (1975), Storm Tide Inundation Map: Bowen, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Bundaberg Coast, Survey Office,
Brisbane, Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Cairns (1), Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Cairns (2), Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Emu Park, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Gladstone, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Hervey Bay, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Innisfail, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Mackay (1), Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Mackay (2), Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Townsville, Survey Office, Brisbane,
Queensland

Department of Public Lands, (1975), Storm Tide Inundation Map: Yeppon, Survey Office, Brisbane,
Queensland

Douglas Shire Council, (2006), Emergency Action Guide, Maps 1-6, 18-23pp

Granger, K, Jones, T, Leiba, M, Scott, G, (1999), Community Risk in Cairns - A Multi-Hazard
Assessment, Cities Project, Australian Geological Survey Organisation — Geoscience Australia 231pp

Granger, K, Micheal-Leiba, M (editors), (2001), Community Risk in Gladstone - A Multi-Hazard Risk
Assessment, Cities Project, Australian Geological Survey Organisation — Geoscience Australia 169pp

Granger, K, Hayne, M (editors), (2001), Natural Hazards and the Risks They Pose to South-East
Queensland, Cities Project, Australian Geological Survey Organisation — Geoscience Australia 403pp

GHD, Systems Engineering Australia Pty Ltd, (2004), Storm Surge Study - Rainbow Beach, Rainbow
Shores, Cooloola Cove and Tin Can Bay, Cooloola Shire Council 36pp

GHD and Systems Engineering Australia Pty Ltd, (2003), Storm Tide Modelling Study of the
Whitsunday Coast and Resort Islands, Whitsunday Shire Council 166pp
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GHD and Systems Engineering Australia Pty Ltd, (2007), Townsville - Thuringowa Storm Tide Study,
Townsville City Council, Thuringowa City Council 251pp

GHD, (2014), NDRP Storm Tide Hazard Interpolation, Department of Science Information Technology
and Innovation, Brishane
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Conservation Technical Report No. 10, Department of Environment and Heritage, Queensland
Government, 26pp
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University of North Queensland, 100pp

Harper, B.A, Sobey, R.}, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Cairns, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 24pp

Harper, B.A, Sobey, R.], and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Cooktown, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 93pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Gold Coast, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 102pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Ingham, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 100pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Innisfail, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 100pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Mackay, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 100pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Rockhampton, Department of Civil and Systems Engineering, James
Cook University of North Queensland, 97pp

Harper, B.A, Sobey, R.J, and Stark, K.P, (1977), Numerical Simulation of Tropical Cyclone Storm Surge
Along the Queensland Coast: Townsville, Department of Civil and Systems Engineering, James Cook
University of North Queensland, 98pp

John Wilson and Partners, Lawson and Treloar, (2004), Pine River/Hays Inlet Storm Surge Study, Pine
Rivers Shire Council 56pp

Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12

90
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Appendix G - Useful Web Sites

Australian Bureau of Meteorology — Tropical Cyclone Advices and Track Maps
http://www.bom.gov.au/weather/cyclone

Australian Bureau of Meteorology — Storm Surge Preparedness and Safety
http://www.bom.gov.au/cyclone/about/stormsurge.shtml

Disaster Management Act 2003
http://www.legislation.qld.gov.au/LEGISLTN/ACTS/2003/03AC091.pdf

Disaster management arrangements in Queensland
http://www.disaster.gld.gov.au/About_Disaster Management/DM_arrangments.html

Queensland Evacuation Guidelines
http://www.disaster.gld.gov.au/Disaster-Resources/Documents/2907EMQ_SDMG_QLD Evac%20

Guide_web.pdf

Disaster Management Strategic Policy Framework
http://www.disaster.gld.gov.au/Disaster-Resources/Documents/Disaster Management_Strategic
Policy Framework.pdf

Emergency Management Australia
http://www.ag.gov.au/emergencymanagement/Pages/default.aspx

Queensland Fire and Emergency Services
https://www.qfes.qld.gov.au/

National Storm Tide Mapping Model for Emergency Response
http://www.disaster.gld.gov.au/Disaster-Resources/Documents/Final%20Report%2029%20

May%2003.pdf

Queensland Natural Disaster Relief and Recovery Arrangements
http://disaster.qld.gov.au/Financial%20Support/Documents/Queensland_Disaster Relief _and
Recovery Arrangements_Guidelines2.pdf

Queensland Climate Change and Community Vulnerability to Tropical Cyclones report series (2004)
http://www.longpaddock.qld.gov.au/about/publications/vulnerabilitytocyclones/index.html

Standard Emergency Warning Signal Guidelines
http://www.disaster.gld.gov.au/Disaster-Resources/Documents/Standard%20Emergency%20
Warning%20Signal%20SEWS.pdf

State Disaster Management Group Annual Reports
http://www.disaster.gld.gov.au/Disaster-Resources/Reports.html

State Emergency Services
www.emergency.qld.gov.au/ses

Storm Tide Gauge Network — Department of Science, Information Technology, Innovation and the Arts
http://www.qld.gov.au/tides

Tropical Cyclone Tracking Map
http://www.bom.gov.au/cyclone/about/plotting.shtml

Wave monitoring - Department of Department of Science, Information Technology, Innovation and
the Arts http://www.qld.gov.au/waves
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Appendix H - Maps an Figures Contained in this Document
Maps

Page No. Map No. Map Title

32 1 The Gulf of Carpentaria Coastline.

34 2 Cape York Coastline.

39 3 Cairns Coastline.

43 4 Cassowary Coastline.

46 5 Hinchinbrook, Townsville and Burdekin Coastlines.

51 6 Whitsunday Coastline.

56 7 Mackay Coastline.

61 8 Isaac and Rockhampton Coastlines.

65 9 Gladstone Coastline.

68 10 Bundaberg and Fraser Coast Coastlines.

73 11 Gympie and Sunshine Coast Coastlines.

77 12 Moreton Bay, Redlands and Gold Coast Coastlines.
Figures

Page No. Figure No. Figure Title

7 1a Depiction of ‘normal’ high tide, and a ‘storm tide’.

7 1b Time series of a typical storm tide.

8 2 Queensland Disaster Management Arrangements structure.

10 3 Agency relationships within Queensland’s disaster management
arrangements.

13 4 Sample Tropical Cyclone Forecast Track Map.

15 5 Storm Tide Warning-Response System timeline.

16 6 Sample Storm Tide Warning Graphic.

17-18 7 An example of a Storm Tide Warning.

25 8a Semidiurnal tidal planes.

25 8b Diurnal tidal planes.

26 9 DSITI Storm Tide Gauge Network and Wave Buoy Locations.
Sample forecast track map showing 72 and 120 hour forecast

30 10 positions as displayed in the Bureau’s Meteye viewer.

93 EDITION 12 2016 Tropical Cyclone Storm Tide Warning Response System Handbook






Appendix |

95 EDITION 12 2016 Tropical Cyclone Storm Tide Warning Response System Handbook



Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12 96



97 EDITION 12 2016 Tropical Cyclone Storm Tide Warning Response System Handbook



Tropical Cyclone Storm Tide Warning Response System Handbook 2016 EDITION 12 98



