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Executive Summary  
 

This report provides a review of meteorological conditions in Townsville and the region 
pursuant to Section 4.1 of the Terms of Reference.  

The Townsville area is characterised by a tropical wet and dry climate. During the dry 
season, temperatures are mild and humidity is moderate. During the wet season, 
temperatures and humidity are high with frequent storm events including tropical 
cyclones. Average climate conditions are:  

Table 1: Townsville Climate Averages (1940 – 2007) 

Month 

Mean daily 
Maximum 
Temp.(ºC) 

Mean daily 
Minimum 
Temp. (ºC) 

Highest 
maximum 
Temp.(ºC) 

Mean 
9am 
Relative 
Humidity 
(%) 

Mean 
3pm 
Relativ
e 
Humidi
ty (%) 

Mean 
9am 
Wind 
Speed 
(km/hr) 

Mean 
3pm 
Wind 
Speed 
(km/hr)  

Mean 
Rainfall 
(mm) 

Mean Daily 
Evaporation 
(mm) 

Jan 31.4 24.2 44.3 71 65 10.8 19.8 265.3 8.3 

Feb 31.1 24.0 42.7 75 67 9.7 18.5 292.6 7.3 

Mar 30.7 22.9 37.6 72 64 10.0 19.4 183.4 7.0 

Apr 29.6 20.6 35.8 68 60 10.6 20.5 68.0 6.6 

May 27.6 17.6 32.2 67 57 8.6 19.2 33.9 5.5 

Jun 25.6 14.6 32.2 66 52 8.1 18.0 21.1 5.0 

Jul 25.1 13.6 31.6 66 51 7.7 19.7 13.1 5.3 

Aug 26.0 14.7 33.3 63 52 9.7 21.8 16.5 6.2 

Sep 27.7 17.3 36.5 60 53 13.6 23.5 10.2 7.7 

Oct 29.4 20.7 37.1 61 55 15.4 23.3 25.3 8.8 

Nov 30.7 22.9 41.0 63 58 14.9 22.9 57.1 9.2 
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Dec 31.4 24.0 42.1 67 61 13.4 22.1 124.7 9.0 

Annual 
Average 

28.9 19.8 

 

44.3 66 58 11.0 20.7 1115.8 7.2 

Source: Bureau of Meteorology; www.bom.gov.au 

Ambient climatic conditions that may influence the construction and operation of the 
TOT project including seasonal and diurnal variations are: 

 Heavy Rainfall; 

 Tropical Cyclones 

 Wind Storms and Storm Surge  

Tropical cyclones can develop during monsoonal conditions from late December until 
early April and can cause major flooding and beach erosion within the entire Northern 
Australian region. The average frequency of cyclones affecting Townsville is estimated 
to be 1.78 events per season. Storm surges often occur during the passing of a tropical 
cyclone, causing flooding of low lying coastal areas and severe wave action on coastal 
structures.  

A review of historic events in the Townsville region is provided in Section 2.3.1. 
Extreme events may have impacts on coastal structures within the project site. A study 
has been undertaken by Coastal Engineering Solutions (CES) to assess the potential 
impacts of extreme events on the project. These impacts may include damage to 
buildings and property and potential risks to human lives. 

 The TOT and Breakwater Cove precincts have been designed and constructed to 
ensure that the development minimises the potential adverse effects of extreme 
weather events and does not result in an unacceptable risk to people or property.  

While the Proponent will not be constructing any residential buildings within the 
Breakwater Cove Precinct directly, it is mandatory in cyclone prone areas for all 
development constructed to comply with minimum engineering and construction 
standards to withstand such damage. These Standards must be met by all future 
development within the TOT Project area. 

A designated evacuation route within the site will be identified to provide safe access 
during an emergency event. In addition, a Disaster Action Plan will be developed for 
the site to provide prevention and response measures in the event of a natural hazard 
such as a storm, flood or cyclone.  
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Changes in extreme events are predicted to occur as a result of climate change with 
possible increases in intensity of cyclones and storms. It is predicted that average 
temperatures will increase overall by 1-2ºC over most of Australia by 2030. In addition, 
a global mean sea-level rise of approximately 50cm is predicted to occur between 1990 
and 2100. The TOT and Breakwater Cove precincts have been designed and 
constructed to ensure that the development minimises the potential adverse effects of 
extreme weather events and does not result in an unacceptable risk to people or 
property.  

The floors of all dwellings within the Breakwater Cove precinct will be situated above 
the required design levels to provide flood immunity. All structures have been designed 
and constructed to withstand hydrostatic and hydrodynamic forces that may occur as a 
result of tidal inundation. A detailed description of these requirements is provided in the 
Coastal Engineering Report prepared for the project.  

The climatic conditions of the project area include the risk of impacts that are 
applicable to the region for all development. However, the knowledge and ability to 
predict the impact of expected cyclonic and extreme climatic events at the design and 
development stage of the TOT Project allows for the mitigation of impacts on the 
development to be incorporated.   
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1 Introduction 

Development of the Townsville Ocean Terminal (TOT) project will involve construction 
of a dedicated ocean terminal for use by cruise ships and naval vessels and a 
residential area providing for a range of uses including apartments, attached dwellings, 
detached dwellings, commercial and retail facilities services, landscaping and public 
open space.  

The site proposed for development of the TOT Project is the area defined as the 
“Future Development Area” under the Breakwater Island Casino Agreement Act 1984. 
The TOT Project is to create two developed precincts: 

(a) The TOT Precinct: adjoining and cut into the existing Western Breakwater of 
the Port of Townsville, to create both a significant cruise ship wharf and land 
based facilities, including a terminal building, car parking and associated 
facilities; and 

(b) The Breakwater Cove Precinct: a residential canal estate:  

Both precincts will be constructed on reclaimed land adjoining the Townsville 
Entertainment Centre and Hotel Casino Complex, to the north of Sir Leslie Thiess Drive 
and Entertainment Drive. The reclamation site is bordered by existing breakwaters that 
form the western boundary of the Port of Townsville. 

Hyder Consulting has conducted a review of the existing climatic conditions within the 
project area and the potential impacts of climate matters on the construction and 
operation of the TOT project in accordance with the requirements of the Terms of 
Reference issued by the State Government in March 2007.  
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2 Existing Environment 

The Townsville area is characterised by a tropical wet and dry climate (savanna 
climate)1. During the dry season (May to October), temperatures are mild and humidity 
is moderate. During the wet season (November to April), temperatures and humidity 
are high with frequent storm events. These events include tropical cyclones, high 
intensity rainfall and strong winds. 

2.1 Townsville Average Climate Data 
The nearest weather recording station to the TOT Project site is the Townsville 
Meteorological Office, located at the Townsville Aerodrome (elevation 7.5m) 
approximately 6km from the Port of Townsville. The Local meteoriological environment 
and climate history has been  recorded for 67 years  by the Bureau of Meteorology 
(BoM) between 1940 and 2007 at the Townsville Aerodrome weather station. Average 
climate data for Townsville is presented in Table 1. 

Table 1: Townsville Climate Averages (1940 – 2007) 

Month 

Mean daily 
Maximum 
Temp.(ºC) 

Mean daily 
Minimum 
Temp. (ºC) 

Highest 
maximum 
Temp.(ºC) 

Mean 
9am 
Relative 
Humidity 
(%) 

Mean 
3pm 
Relativ
e 
Humidi
ty (%) 

Mean 
9am 
Wind 
Speed 
(km/hr) 

Mean 
3pm 
Wind 
Speed 
(km/hr)  

Mean 
Rainfall 
(mm) 

Mean Daily 
Evaporation 
(mm) 

Jan 31.4 24.2 44.3 71 65 10.8 19.8 265.3 8.3 
Feb 31.1 24.0 42.7 75 67 9.7 18.5 292.6 7.3 
Mar 30.7 22.9 37.6 72 64 10.0 19.4 183.4 7.0 
Apr 29.6 20.6 35.8 68 60 10.6 20.5 68.0 6.6 
May 27.6 17.6 32.2 67 57 8.6 19.2 33.9 5.5 
Jun 25.6 14.6 32.2 66 52 8.1 18.0 21.1 5.0 
Jul 25.1 13.6 31.6 66 51 7.7 19.7 13.1 5.3 
Aug 26.0 14.7 33.3 63 52 9.7 21.8 16.5 6.2 
Sep 27.7 17.3 36.5 60 53 13.6 23.5 10.2 7.7 
Oct 29.4 20.7 37.1 61 55 15.4 23.3 25.3 8.8 
Nov 30.7 22.9 41.0 63 58 14.9 22.9 57.1 9.2 
Dec 31.4 24.0 42.1 67 61 13.4 22.1 124.7 9.0 
Annual 
Average 28.9 19.8 

 
44.3 66 58 11.0 20.7 1115.8 7.2 

Source: Bureau of Meteorology; www.bom.gov.au 

                                                 
1 These climates have a pronounced dry season, with the driest month having precipitation less than 
60mm. 
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2.2 General Climatic Conditions 

2.2.1 General Rainfall Conditions 
Townsville experiences an average annual rainfall of 1115.8mm with the highest 
average monthly rainfall occurring during the wet season from November to April. 
During the wet season, the Townsville area experiences frequent heavy rainfall events. 
On average, the highest monthly rainfall occurs in January (265.3mm). The lowest 
monthly rainfall occurs between May and October (see Figure 1).  

The highest annual rainfall on record at the Townsville Aerodrome weather station was 
2399.8mm in 2000. In contrast, the following year recorded only 467mm. 
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Figure 1: Average Monthly Rainfall Data. Source of data: Bureau of Meteorology; 
www.bom.gov.au 

2.2.2 General Temperature Conditions 
In the Townsville area, the highest temperatures occur between November and March 
and the lowest temperatures occur between April and October. The city has 142.4 
mean days per year with temperature in excess of 30ºC, the mean annual maximum 
temperature is 28.8ºC and the mean annual minimum temperature is 19.8ºC (see 
Figure 2).  
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Figure 2: Average Monthly Temperature Data. Source of data: Bureau of 
Meteorology; www.bom.gov.au 

2.2.3 General Humidity Conditions 
Relative humidity is highest in the morning and monthly averages range between 60% 
in April to 75% in February.  

2.2.4 General Wind Conditions 
Wind speed is highest in the afternoon and is predominantly onshore, from the 
northeast during the wet season and the southeast during the dry season. Monthly 
wind speed averages vary between 18km/hr in June and 23.5km/hr in September. 
Seasonal wind roses for Townsville are presented in Appendix A. 

Review of the wind roses confirms that wind conditions at the Port of Townsville are 
typically defined by sea breezes. Wind roses for the Townsville Airport meteorological 
station show that morning winds are generally off-shore with wind speeds varying 
between 10 – 30 km/hr. It is noted however, that during this period the occurrence of 
calm wind is high with a greater occurrence of calm conditions during the autumn and 
winter months (15 % and 33 % respectively). During summer and spring, calm 
conditions are less prevalent at 7 % and 15 % respectively.  

During the day time, winds typically turn on-shore with the afternoon wind roses from 
the airport site identifying this trend. The occurrence of calm conditions is also low in 
the afternoons at less than 2 % for all periods of the year. 
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2.3 Extreme Climatic Events 

2.3.1 Tropical Cyclones 
Tropical cyclones can develop during monsoonal conditions from late December until 
early April and can cause major flooding and beach erosion within the entire Northern 
Australian region.  

Tropical cyclone data presented in Table 2 is based on 11 years of weather data 
recorded by the Bureau of Meteorology. On average, the North Queensland coast 
faced around 3.45 cyclones a year during this period. 

Table 2: Frequency of cyclones occurring in the North Queensland region 1996-2006 

 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 

Jan 2   3   1   1 1 

Feb 1 3 1 2 1 2 1 1 1 1 1 

Mar 1  2    1 2  1 2 

Apr  1   2      1 

Nov 1           

Dec 1 1          

 

The Townsville-Thuringowah Storm Tide Study (GHD 2007) provides data on the 
frequency of occurrence of cyclones that entered within a 500km radius of Townsville 
from 1959 to 2004. It was estimated that the frequency of cyclones affecting Townsville 
was an average of 1.78 cyclones per season during this period. For the purpose of 
comparison with the frequency of cyclones in North Queensland as presented in Table 
2, Table 3 presents data on tropical cyclone occurrence in Townsville from the GHD 
Study for the period 1996 to 2004. 

Table 3: Frequency of cyclones occurring within 500km of Townsville 1996-2004 

 1996 1997 1998 1999 2000 2001 2002 2003 2004 

Jan 2   1      

Feb  2 1  1 1    

Mar  1 2 1 1   1 1 

Apr          

Nov          

Dec          
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Although cyclones are a frequent occurrence in tropical northern regions, the majority 
cause no significant damage. The following historic weather events indicate the 
potential impacts that may occur in coastal areas of Townsville during extreme weather 
conditions. 

Tropical cyclone ‘Althea’ caused approximately $50 million damage in the Townsville 
region in December 1971 including extensive damage at the Strand and Cape 
Pallarenda. A 2.9m storm surge was recorded in Townsville Harbour and 3.6m storm 
surge was recorded at Toolakea. In March 1988, cyclone ‘Charlie’ caused beach 
erosion and tidal inundation within Townsville. Although cyclone ‘Justin’ did not make 
landfall in Townsville in March 1997, it caused severe beach erosion and tidal 
inundation along the Townsville coast. 

Cyclones ‘Sid’ and ‘Rona’ caused major flooding and extensive damage to private 
property and local government infrastructure (Sid caused damage in excess of $100 
million) in January 1998 and February 1999 respectively. Cyclone ‘Tessi’, which hit the 
coast in March 2000, set new weather records for April in Townsville. Wind gusts of 
70knots, highest daily rainfall of 271.6mm and highest monthly rainfall of 539mm were 
recorded by the Townsville Meteorological Office.  

2.3.2 Wind Storms and Storm Surge 
Townsville’s coastal location means the city can be subject to strong winds caused by 
low pressures. Although not classified as cyclones, such wind storms can still create 
storm surges and may have potential impacts on coastal areas, especially when they 
coincide with a spring tide, in which case they are called storm tides. Spring tides occur 
when the tide’s range is at its maximum. They result in higher than average and lower 
than average waters, shorter than average slack water time and stronger than average 
tidal currents. In Townsville, spring tides occur in January and September and are 
about 4m above average sea level. 

2.3.3 Heavy Rainfall 
Townsville is located in a sub tropical zone and receives a significant amount of rainfall, 
especially during the wet season and in association with cyclonic events, as discussed 
above. The city has experienced heavy rainfall events in the past. In January 1998, 
torrential rain fell in Townsville, causing the Ross and Black rivers and Bluewater Creek 
to overflow, flooding the city and surrounding areas. During this extreme event of 
almost 10 times the monthly average of rainfall, the Strand was extensively damaged 
and was later fully redesigned and redeveloped to more updated standards. 
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2.3.4 Project Requirements 
Extreme events may cause flooding of low-lying areas and may have impacts on 
structures in coastal areas. A study has been undertaken by Coastal Engineering 
Solutions (CES) to assess the potential impacts of extreme events on the project. This 
report provides requirements for the design of project infrastructure in order to 
withstand potential impacts associated with storm surge and storm tides. 

2.4 Climate Change Issues 
The Intergovernmental Panel on Climate Change (IPCC)2 report Climate Change 2001: 
Impacts, Adaptation and Vulnerability describes the scientific projections of potential 
impacts of climate change on Australia. The report states that Australia has significant 
vulnerability to the changes in temperature and precipitation projected for the next 50-
100 years because it already has extensive arid and semi-arid areas and lies largely in 
the tropics and subtropics. Australia is also sensitive to possible changes toward a 
more El Niño-like mean state. The El Niño-Southern Oscillation (ENSO) phenomenon 
is known to lead to floods and prolonged droughts, especially in eastern Australia.  

Changes in extreme events are predicted with possible increases in intensity of tropical 
cyclones, mid-latitude storms, heavy rain events and changes in the location-specific 
frequency of tropical cyclones. Scenarios of climate change suggest that large areas of 
mainland Australia will experience significant decreases in rainfall during the 21st 
century. 

Climate modelling undertaken by CSIRO has predicted that average temperatures will 
increase overall by 1-2ºC over most of Australia by 2030. Annual average increases in 
evaporation due to increased temperatures are expected to range from 0 to 8% per 
degree increase in temperature resulting in decreases in the annual water balance of 
around 15 to 160mm by 2030 (CSIRO 2001).  

A 2006 CSIRO report Climate Change Impacts on Australia and the Benefits of Early 
Action to Reduce Global Greenhouse Gases Emissions predicts that Australia’s 
annual average temperatures are projected to increase 0.4–2.0 °C above 1990 levels 
by the year 2030, and 1–6 °C by 2070. Average precipitation in South-West and 
South-East Australia is projected to decline further in future decades, while regions 
such as the North-West may experience increases in precipitation. 

                                                 
2 www.ipcc.ch 
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3 Potential Impacts  

The extreme climatic events described above do and may continue to have significant 
impacts on the Townsville area and therefore the TOT Project. Furthermore, climate 
change is expected to increase the frequency and severity of such events.  

Potential impacts associated with extreme climatic events are well known and can be 
identified for the TOT Project as all impacts generally applicable to any coastal 
development in the region. Impacts include damage to buildings and property and 
potential risks to human lives.  

3.1 Tropical cyclones and storm surges 
Tropical cyclones impact coastal areas through strong winds and heavy wave action. 
The TOT project is proposed to be built on reclaimed land within Cleveland Bay and 
will therefore be susceptible to such impacts. 

Strong winds associated with tropical cyclones can cause extensive structural damage 
to buildings.  

Heavy winds also trigger strong wave action that causes coastal erosion, storm surges 
or storm tides, that may destroy buildings and infrastructure located in susceptible 
coastal areas. The most recent study undertaken with regard to storm tides that may 
occur in the Townsville region is the Townsville-Thuringowah Storm Tide Study (GHD 
2007). This study identifies the hazards associated with cyclones including strong 
winds, intense rainfall and induced ocean effects such as extreme waves, currents, 
storm surge and resulting storm tide. 

Storm surges often occur during the passing of a tropical cyclone, causing flooding of 
low lying coastal areas and severe wave action on coastal structures3. If combined with 
a spring tide, a storm surge is then known as a storm tide. If the maximum surge 
coincides with a high spring tide, the impacts on low lying coastal areas can be even 
greater. The TOT Project site is located in the area affected by predicted storm surges 
of 4m AHD (Australian Height Datum) on the Storm Surge Map of Townsville and is 
therefore prone to such impacts.  The Townsville Storm Surge Map is included in 
Appendix B. 

Even when not caused by cyclones, strong winds triggered by low pressure systems 
can still cause damage. They also can create storm surges, which can be very 
destructive if combined with a spring tide. The frequency of such wind storms 

                                                 
3 Coastal Engineering Studies Report (CES, 31 August 2007). 
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combined to the relatively high frequency of tropical cyclones makes storm surges a 
prime threat for the TOT project. 

3.2 Heavy rainfall 
Heavy rains may trigger overflowing of rivers and creeks and flooding of infrastructure 
within the TOT precinct and dwellings within the Breakwater Cove precinct. However, 
as shown on the Townsville 1990 flood map, included in Appendix C due to its 
proximity to the ocean, the TOT project site is relatively unlikely to be impacted by 
flooding of rivers and creeks caused by heavy rains.  

3.3 Climate change 
The increasing concentration of greenhouse gases in the atmosphere is expected to 
result in changes in climatic conditions. If climate changes develop as predicted, the 
foreshores of the Townsville region will be subjected to potentially greater storm and 
cyclone activity, higher waves, stronger winds and increased water levels.4 

The IPCC Climate Change 2001 report identifies potential impacts of Climate Change 
and sea-level rise on coastal systems. These impacts include: 

 increased coastal erosion,  

 more extensive coastal inundation,  

 higher storm-surge flooding,  

 landward intrusion of seawater in estuaries and aquifers increased loss of 
property and coastal habitats,  

 increased flood risk and potential loss of life,  

 damage to coastal protection works and other infrastructure,  

 loss of tourism, recreation, and transportation functions. 

The recent Queensland Climate Change and Community Vulnerability to Tropical 
Cyclones study (Dept. Natural Resources & Mines, 2004) addresses the effect of 
enhanced Greenhouse conditions on sea level rise and tropical cyclone occurrences.  

Predictions of the impact of climate change on sea level rise vary greatly. However, the 
best available data indicates that a global mean sea-level rise of approximately 50cm is 
expected between 1990 and 21005. The IPCC Climate Change 2001 report indicates 
that port facilities are likely to be affected by sea-level rise because higher sea level will 

                                                 
4 Ibid. 

5 Ibid. 
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probably decrease the effectiveness of breakwaters against wave forces, and wharves 
may have to be raised to avoid inundation. When such effects are anticipated, 
countermeasures can be implemented to maintain function and stability. 

Although it is unsure what effects these projected changes will have on the Townsville 
area and the TOT Project, the potential risks must be taken into account in the 
development of management strategies to maintain public safety and to protect 
property and assets. 

3.4 Hazard Management 

3.4.1 Response to impacts from tropical cyclones, storm surges and 
heavy rainfall 

The TOT and Breakwater Cove precincts have been designed and constructed to 
ensure that the development minimises the potential adverse effects of extreme 
weather events and does not result in an unacceptable risk to people or property.  

While the Proponent will not be constructing any residential buildings within the 
Breakwater Cove Precinct directly, it is mandatory in cyclone prone areas for all 
development constructed to comply with minimum engineering and construction 
standards to withstand such damage. These Standards must be met by all future 
development within the TOT Project area. 

The floors of all dwellings within the Breakwater Cove precinct will be situated above 
the required design levels to provide flood immunity. All structures have been designed 
and constructed to withstand hydrostatic and hydrodynamic forces that may occur as a 
result of tidal inundation. A detailed description of these requirements is provided in the 
Coastal Engineering Report prepared for the project. 

The terminal building and other infrastructure within the TOT Precinct must also be built 
to these contemporary engineering standards.  A designated evacuation route within 
the site will be identified above the flood and storm surge planning level to provide safe 
access during an emergency event. The Body Corporate will be responsible for 
advising residents of evacuation routes and emergency procedures.  

It is intended that a Disaster Action Plan will be developed for the site to provide 
prevention and response measures for preservation of life and property in the event of 
a natural hazard such as a storm, flood or cyclone. The Disaster Action Plan will be 
based upon the intent of the main objects of the Queensland Disaster Management Act 
2003.  

The primary purpose of the Disaster Action Plan will be to inform residents of the 
characteristics of the site and its environs and the evacuation processes in case of an 
emergency. The Body Corporate will review this document with Council to ensure its 
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currency, accuracy and compatibility with the Townsville-Thuringowa State Emergency 
Services (SES) Unit. The Body Corporate Manager will be responsible for educating 
the residents in relation to being aware of emergency agency warnings and monitoring 
the Bureau of Meteorology and SES reports in relation to possible events and provide 
timely and adequate advice of such reports to all residents and occupants of the site. 

3.4.2 Response to Impacts from Climate Change 
The Queensland Government currently requires that all design water levels for works 
within coastal areas include an allowance of 0.3 metres for the predicted rise in sea 
level due to climate change. This design level has been allowed for by Coastal 
Engineering Solutions in the design of the rock armoured breakwaters for the project 
and in the finished land levels for the building platforms within the TOT Precinct and the 
Breakwater Cove Precinct.  

3.5 Water Management 
Rainfall in Townsville is highly variable with more than 75% of average annual rainfall 
occurring between January and March and 275 days a year on average being rain free. 
In addition, daily evaporation rates can exceed daily rainfall for most of the year 
(Bureau of Meteorology 2006). The municipal water supply within Townsville is 
adequate to meet projected water demands for the TOT project. However, 
management of water within the site can assist in reducing demand on high quality 
potable water supplies. 

The management of stormwater within the project site is specifically addressed in  
Water Resources sections of the EIS.  

Reduction of household potable water use will be encouraged by provision of 
information on water saving measures within the Breakwater Cove EMP to be provided 
to future landowners by the Body Corporate. The Water element of the EMP provides 
measures to maximise water efficiency through installation of water efficient fixtures 
and equipment, water efficient landscaping and rainwater re-use. 
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4 Conclusion 
 

The existing and regional meteorological environment is a significant reason for the 
location of the TOT Project in this area, providing an enjoyable tropical environment for 
the use of the terminal for visiting cruise ships and recreational activities for military 
ships and a high quality coastal location for the Breakwater Cove residential 
development. The environment also includes inherent risk of impacts that are and have 
been applicable to the region for all development. The TOT Project will be no 
exception.  

However, the knowledge and ability to predict the impact of expected cyclonic and 
extreme climatic events at the design and development stage of the TOT Project allows 
for the mitigation of impacts on the development to be incorporated.     
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