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1.0 Climate Change Scenarios 

1.1 Overview 
Australia and NSW have already experienced a range of observable climate changes. Climate projections 
prepared by the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the Bureau of 
Meteorology (BOM) in 2007 suggest that the future climate of eastern Australia will generally be characterised by: 

 

 Lower average rainfall 
 More intense extreme rainfall events 
 Higher sea level and storm surge events 
 Higher average temperatures 
 More frequent occurrence of extreme temperatures and 
 More frequent extreme fire danger days. 

 

Small changes in annual and seasonal temperature and rainfall conditions can be associated with 
large changes in extreme weather events, such as heatwaves, storms, stronger winds, increased 
lightning and higher intensity rainfall, which are potentially of greater significance to infrastructure 
design, construction and operation than changes in average conditions. Changes in extreme weather 
events that are projected for eastern Australia include: 
 
 An increase in the frequency of hot days and warm nights, and a decrease in the frequency of cold nights; 
 An increase in both daily precipitation intensity (rain per rain-day) and the number of dry days, leading to 

longer dry spells interrupted by heavier rainfall events; and 
 El Niño events becoming drier and La Niña events becoming wetter (CSIRO and BOM, 2007). 

 

Consistent with scientific literature on climate change risks, it can be expected that there will be changes in the 
flood, bushfire, and storm risk associated with the above changes in average climate conditions and extreme 
weather events.  

 

1.2 Observed Climate Change in Australia and New South Wales 
1.2.1 Sea-levels 

Global sea levels rose by approximately 17 cm during the 20th Century, and by around 10 cm from 1920 to 2000 
at monitored Australian coastal sites. Substantial warming has also occurred in the three oceans surrounding 
Australia, particularly off the south-east coast and in the Indian Ocean.  The average rate between 1950 and 2000 
was 1.8 ± 0.3 mm per year, and for the period when satellite data became available (i.e. from 1993), the rate was 
over 3 mm per year (Church and White 2006). Figure 1 shows mean sea levels observed in Australia from 1920 
to 2000.  The observed tide-gauge records are monthly average values (CSIRO and BOM, 2007). 
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Figure 1: Sea levels observed (with coastal gauges) and reconstructed (see Church et al 2006 for further details) for the period 1920 
to 2000 in the Australian region.  

 

1.2.2 Temperature 

Australian average (mean) temperatures have increased by about 0.9°C from 1910–2004 (Nicholls 
and Collins, 2006), with the majority of increase occurring after 1950. The frequency of hot days and 
nights has increased and the frequency of cold days and nights has declined (Collins et al., 2000). 
 
Figure 2 illustrates the increase of Australia’s mean temperature anomaly. Figures 3 and 4 show the  
trends of the annual mean temperatures for Australia and New South Wales (CSIRO and BOM, 2007). 
 

Figure 2: Annual mean Australian temperatures taken as anomalies from the 30-year 1961 to 1990 average. The black line is an 11 
year running mean (CSIRO and BOM, 2007) 
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Figure 3: Trend in annual mean Australian temperatures since 1910 (left) and 1950 (right) - units are ºC per decade (CSIRO 2007 and 

BOM) 

 

 

 
Figure 4: Trend in annual mean New South Wales temperatures since 1950 - units are ºC per decade (CSIRO 2007 and BOM) 

 

1.2.3 Rainfall 

Since 1950, most of eastern and south-western Australia has experienced substantial rainfall declines.  Across 
New South Wales and Queensland these rainfall trends partly reflect a very wet period around the 1950s, though 
recent years have been unusually dry. In contrast, north-west Australia has become wetter over this period, 
mostly during summer (CSIRO and BOM 2007). 

 

From 1950 to 2005, extreme daily rainfall intensity and frequency has increased in north-western and 
central Australia and over the western tablelands of New South Wales, but decreased in the south-
east and south-west and along the central east coast (CSIRO and BOM 2007). Figures 5 and 6 show 



AECOM  
Port Kembla Outer Harbour Development - Climate Change  

11 February 2010 4

the trends of the annual mean rainfall for Australia and New South Wales since 1950. 

 
Figure 5: Trend in annual mean Australian rainfall since 1950 - units are mm per decade (CSIRO 2007 and BOM) 

 

 

 
Figure 6: Trend in annual mean New South Wales rainfall since 1950. Units are mm per decade (CSIRO 2007 and BOM) 

1.3 Climate change scenarios 
These climate change projections have been extracted from the Climate Change in Australia: Technical Report 
(2007), published by the CSIRO and the BOM which builds on the climate change research for the Australian 
region conducted in recent years. This Technical Report contains the most recent climate change projections for 
Australia. Where appropriate this information has also been supplemented with more recent reports prepared by 
the CSIRO and other scientific organisations. 

 

The projections give an estimate of the average climate around 2030 and 2070, but individual years can vary 
markedly within any climate period, so the values can be taken as representative of the decade around the single 
year stated, i.e. projections for 2030 are representative of 2026-2035. Even then, natural variability may also 
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modify the actual means for the decade, particularly for a small region. Seasonal variation is presented where 
relevant and will need to be considered in the risk assessment. 

 

1.3.1 Sea-level rise 

McInnes et al (2007) have concluded that sea-level rise along the NSW coast will be slightly higher than global 
average conditions due to a strong warming of the sea surface temperatures in the region and a strengthening of 
the East Australian Current. Combining the relevant global and local information indicates that the best estimate 
sea level rise on the NSW coast will be around 0.20 - 0.90 m in 2100 and 0.05 - 0.40 m in 2050 above 1990 
levels. The IPCC is still assessing potential risk from land ice melt. 

 

The best estimate for sea level rise in the Sydney region is therefore 0.20 - 0.90 m in 2100 and 0.05 - 0.40 m in 
2050 above 1990 levels. These values are consistent with the recently issued NSW DECC Draft Sea Level Rise 
Policy. Medium level estimates were adopted based on the average of the upper and lower values, these being 
0.55 m for 2100 and 0.23 m for 2050. Table 1 summarises these values. 

 
Table 1: Sea level rise projections for Port Kembla (IPCC 2001, 2007 & NSW DECC 2009) 

Sea Level Rise Scenario Year 2050 Year 2100 

Lower Bound Estimate 0.05 m 0.20 m 

Medium Estimate 0.23 m 0.55 m 

Upper Bound Estimate 0.40 m 0.90 m 

 

The proposed reclamation levels have been set to be sustainable for predicted extreme sea level rises for the 
design life of the facilities, with a freeboard suitable to cater for further sea level rise predictions to 2100. As an 
adaption strategy, the reclamation would be designed to accommodate both 2050 and 2100 Sea Level Rise 
projections. Design finished reclamation surface levels for this project, therefore, for a 100 year planning period 
would need to be above: 

 

2.4 m PKHD (1,000 year ARI) + 0.9 Sea Level Rise + 0.2 m long wave activity  

+ 0.4 m (half of Hs significant wave height) = 3.9 m PKHD 

 
The Concept Plan development provides for a reclamation level of 4 m and pavements of 1.2 m. The final 
hardstand level would stand at 5.2 m, comfortably within the Sea Level Rise predictions for both 2050 and 
2100.More information on sea level rise is provided in Appendix F. 

 

1.3.2 Extreme sea level events (storm surges) 

The frequency and heights of storm surges are expected to change with climate change. Based on historical 
extreme water levels in Sydney Harbour, a current 100 year annual return interval (ARI) is just under 1.5 metres. 
It has been projected that this 1 in 100 year event could be a 1 in 8 year event by 2030 (Preston et al, 2008). 

 

A study conducted by the CSIRO for the then NSW Department of Environment and Climate Change indicates 
that storm surge heights could increase by about 1 percent by 2030 and up to 4 percent by 2070 could be 
expected along the NSW coast, depending on local geomorphology (McInnes et al., 2007). 
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A recent study has highlighted that for every 0.1 m sea level rise, the frequency of extreme events increases by a 
factor of three. It further concludes that sea level rise during the 21st century will result in annual events becoming 
daily events (Hunter, 2008). 

 

1.3.3 Temperature 

In NSW it is projected to be warmer on average, although coastal regions may warm less quickly due to the 
moderating influence of the ocean. The CSIRO and BOM (2007) best estimate (50th percentile) projected 
changes for eastern Australia (relative to a baseline period 1980-1999) include: 

 

 An increase of annual mean temperatures of around 1°C by 2030; and 
 An increase in annual mean temperatures of between 1.8°C and 3.5°C by 2070. 

 

This increase in temperature is projected to have minimum seasonal variation, with warming in winter only slightly 
less than in the other seasons. Projected temperature increases for New South Wales for 2030 and 2070 are 
provided in Figure 7. 

 

 
Figure 7: Projected temperature change for 2030 (left) and 2070 (right) – units oC and the deeper the colour red the higher the 

temperature increase (CSIRO and BOM, 2007) 

 

In 2008, the then DECC and UNSW published a summary report presenting interim findings for climate change 
forecasts for the Illawarra Region (DECC and UNSW, 2008).  This study projects that the climate will be between 
1.5°C and 3°C hotter over all seasons with both minimum and maximum temperatures rising over time (Figure 8).  
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Figure 8: Projected change in mean maximum (left) and minimum (right) temperature in the Illawarra Region (DECC and UNSW 2008) 

 

It is important to note that associated with the warming is a projected strong increase in frequency of hot days and 
warm nights (CSIRO and BOM, 2007). The number of days per annum where daily temperatures are projected to 
be over 35°C for 2030 and 2070 are provided for Sydney in Table 2. Port Kembla will likely experience similar 
conditions. 

 
Table 2: Days over 35oC for a range of locations 

Location Current 

Days over 
35°C 

2030 

50th 
percentile 

Percentage increase on 
current 

2070 

50th 
percentile 

Percentage increase on 
current 

Sydney 3.5 4.4 25.7 8.2 134.3 

 

 

1.3.4 Rainfall 

The future climate of eastern Australia is projected to be drier on average. The CSIRO and BOM (2007) best 
estimate (50th percentile) projected changes for eastern Australia include: 

 

 A decrease in annual precipitation of between 2% and 5% by 2030; and 
 A decrease in annual precipitation of between 5% and 10% by 2070. 

 

Projected rainfall increases for NSW for 2030 and 2070 are provided in Figure 9.  
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Figure 9: Projected rainfall change for 2030 (left) and 2070 (right) – units percentage change and red indicates rainfall decline, 

whereas blue indicates rainfall increase (CSIRO and BOM, 2007) 

 

The then DECC and UNSW projections for the Illawarra Region, project a substantial increase in summer rainfall 
and a moderate increase in autumn and spring rainfall. The autumn and spring rainfall combined with 
evapotranspiration produces a drier net effect (Figure 10). 

 

  
Figure 10: Projected rainfall changes in the Illawarra Region (DECC and UNSW 2008) 

 

1.3.5 Extreme rainfall 

The future climate of many parts of the State are projected to not only be drier but the character of daily rainfall is 
also predicted to change. An increase in daily rainfall intensity (rain per rain-day), intensity of extreme rainfall and 
the number of dry days is likely. The climate is projected to have longer dry spells interrupted by heavier 
precipitation events (CSIRO and BOM, 2007). By 2030 the highest predicted increase in rainfall intensity occurs in 
central and southeast NSW.  By 2070, these same trends are much more prominent (CSIRO, 2004). The 
likelihood of an increase in 1-day extreme rainfall for 2030 and 2070 relative to the current climate is provided in 
Figure 11.  
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Figure 11: The likelihood of an increase in 1-day extreme rainfall for 2030 and 2070 relative to the current climate - blue indicates an 

increase in rainfall intensity (CSIRO, 2004) 

 

The magnitude of future extreme events is projected to increase and the size of this increase is greater in 2070 
than in 2030. Shorter duration events will experience the greatest increase in intensity (Abbs and Rafter, 2008). 
There is considerable geographic variance in the regions of extreme rainfall increase and the magnitude of that 
increase. 

 

1.3.6 Evaporation 

The CSIRO and BOM (2007) best estimate (50th percentile) projected changes for eastern Australia include: 

 

 An increase in annual potential evapotranspiration of 2% by 2030; and 
 An increase in annual potential evapotranspiration of between 6% and 10% by 2070. 

 

Projected evapotranspiration increases for NSW for 2030 and 2070 are provided in Figure 12.  
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Figure 12: Projected evapotranspiration change for 2030 (left) and 2070 (right) – units percentage change and red indicates the areas 

of greatest increase (CSIRO and BOM, 2007) 

 

1.3.7 Wind speed 

Projections of future climate conditions indicate that average wind speeds in eastern Australia will increase 
(CSIRO and BOM, 2007). Projected wind-speed changes for NSW for 2030 and 2070 are provided in Figure 13.  

 
Figure 13: Projected wind-speed change for 2030 (left) and 2070 (right) – units percentage change and purple indicates the areas of 

greatest increase (CSIRO and BOM, 2007) 

 

Extreme winds, particularly summer winds, are likely to be governed by small scale systems that are not 
adequately captured by the resolution of the climate models (CSIRO and BOM, 2007). Small changes in 
maximum wind speed can have an exponential impact on infrastructure. For example, bridges, power lines and 
buildings are designed to withstand current wind loadings and suffer minor damage in extreme events, but 
increased wind loadings would correspond exponentially to the damage caused from future events, resulting in 
power outages and structural failure.  

 

1.3.8 Bushfire 

Fire weather conditions are expected to worsen due to climate change. A study by Lucas et al (2007) found that 
climate change can exacerbate the fire-weather risk of any given day (leading to increased frequency or intensity 
of extreme fire weather days) and result in a longer fire season. 
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The findings of the study also suggest that fire seasons will start earlier and end slightly later, while being 
generally more intense throughout their length. This effect is most pronounced by 2050, although it should be 
apparent by 2020 (note the shift in timeframe). 

 

The implication of this is a change in the annual return interval (ARI) (the number of years between events) for 
‘very extreme’ fire conditions. Lucas et al (2007) found that the ARI could be reduced, i.e. a higher frequency of 
‘very extreme’ fire conditions. The increase in bushfire risk is greatest in inland areas than for coastal locations. 
Changes to the annual return period for ‘very extreme’ fire conditions for Sydney is provided in Table 3. 

 
Table 3: Changes in the annual return period for ‘very extreme’ fire conditions 

Location Current 

Annual Return Period 

2020 

Annual Return Period 

2050 

Annual Return Period 

Sydney 5.5 3.3 1.0 

 

1.4 Conclusion 
Climatic changes have been observed and documented over the past century and it is projected that further 
changes will occur in the future during the design life of new developments. Climate change will occur through 
changed average conditions (e.g. mean temperature increase, mean rainfall decrease and sea level rise) and 
increases in the frequency and intensity of extreme events (e.g. storm surges, extreme rainfall, days over 35°C 
and bushfires). The Illawarra region is projected to experience temperature rise, increased rainfall in summer, 
autumn and spring; increased evaporation; sea level rise; and more intense storm surges. The projected climatic 
changes are likely to have effects on infrastructure through accelerated degradation of materials and structures 
and damage or failure during extreme events. Refer to Section 26 for discussion on the potential impacts of 
climate change on the proposed Port Kembla Outer Harbour Development. 

 

1.5 Literature Review 
CSIRO (2004) Climate Change in New South Wales: Part 2 Projected Changes in Climate Extremes. CSIRO. 

 

CSIRO and BOM (2007) Climate change in Australia, Technical Report. CSIRO and Australian Bureau of 
Meteorology. 

 

CSIRO, Maunsell Australia Pty Ltd and Phillips Fox (March 2007) Summary Brochure sourced on 16/4/08 at:  
http://www.climatechange.vic.gov.au/CA256F310024B628/0/9F59DEE76D56F6F2CA2572DD0005345E/$File/Infr
astructure+Summary+Brochure.pdf Report to the Victorian Government 

 

Abbs, D. and Rafter, T (2008) Impact of Climate Variability and Climate Change on Rainfall Extremes in Western 
Sydney and Surrounding Areas: Component 4 – Dynamical Downscaling. Preliminary Report to the Sydney 
Catchment Authority and Partners 

 

Australian Greenhouse Office (2006) Climate Change Impacts & Risk Management A Guide for Business and 
Government, Department of Environment and Heritage, Canberra. 

 

Austroads and the Commonwealth Department of Transport and Regional Services (2004) Impact of Climate 
Change on Road Infrastructure’ 

 



AECOM  
Port Kembla Outer Harbour Development - Climate Change  

11 February 2010 12

Bindoff (19 June, 2008) An increase in sea level rise by one metre by 2100 is completely plausible Sydney 
Morning Herald 

 

Chapman J (December, 2002) Living with Climate Change: A National Conference Paper by Queensland 
Transport in conjunction with other transport agencies, CSIRO (Division of Atmospheric Research, Melbourne), 
and PPK Environment and Infrastructure Pty Ltd, Brisbane. 

 

Church, JA, and NJ White (2006) A 20th century acceleration in global sea-level rise Geophysical Research 
Letters, 33, L01602, doi:10.1029/2005GL024826.  

 

Climate Institute (2007) Evidence of accelerated climate change. Prepared by the Climate Adaptation Science 
and Policy Initiative, The University of Melbourne for the Climate Institute. 

 

Council of Australian Government’ (2007) National Climate Change Adaptation Framework 

 

DECC NSW and UNSW (2008), Report: Summary of Climate Change Impacts – Illawarra Region, 
Sydney. 
 

Department Natural Resources and Water (2007) ClimateSmart Adaptation An action plan for managing the 
impacts if climate change 

 

Garnaut (2008) Garnaut climate change review. Interim Report to the Commonwealth, State and Territory 
governments of Australia. 

 

Holper, P., Lucy, S., Nolan, M., Senese, C., Hennessy, K. (eds) (2007) Infrastructure and Climate Change Risk 
Assessment for Victoria. Prepared for Victorian Government by CSIRO, Maunsell Australia Pty Ltd and Phillips 
Fox 

 

Hunter, J. (2008) Estimating Sea Level Extremes In An Uncertain Future. Antarctic Climate and Ecosystems 
Cooperative Research Centre Hobart, Tasmania. Presentation. 

 

IPCC, (2007): Summary for Policymakers. In: Climate Change 2007: Impacts, Adaptation and Vulnerability. 
Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change, Parry, M.L.,  Canziani, O.F., Palutikof,J.P., van der Linden, P.J. and Hanson C.E., Eds., Cambridge 
University Press, Cambridge, UK, 7-22. 

 

Lucas, C., Hennessy, Mills K. G., and Bathols, J. (2007) Bushfire Weather in Southeast Australia: Recent Trends 
and Projected Climate Change Impacts. Bushfire CRC, and Australian Bureau of Meteorology, CSIRO Marine and 
Atmospheric Research. Consultancy Report prepared for The Climate Institute of Australia. 

 

Maunsell Australia Pty Ltd (2008) Options and Route Selection Study, Concept Development and Environmental 
Assessment (EA)’ prepared for RTA by Maunsell Australia Pty Ltd. 

 

McInnes, K. L., Abbs, D. J., O’Farrell, S. P., Macadam, I., O’Grady J. and Ranasinghe, R. (2007) Projected 
changes in climatological forcing for coastal erosion in NSW. CSIRO Marine and Atmospheric Research and 
NSW Department of Environment and Climate Change. 

 



AECOM  
Port Kembla Outer Harbour Development - Climate Change  

11 February 2010 13

Nicholls, N., and Collins, D., (2006) ‘Observed climate change in Australia over the past century’, Energy & 
Environment, 17, 1-12 

 

PMSEIC Independent Working Group (2007) Climate Change in Australia: Regional Impacts and Adaptation – 
Managing the Risk for Australia, Report Prepared for the Prime Minister’s Science, Engineering and Innovation 
Council, Canberra. 

 

Preston, B.L. 1, D. Abbs 1, B. Beveridge, C. Brooke, R. Gorddard, G. Hunt, M. Justus, P. Kinrade, I. Macadam, 
T.G. Measham, K. McInnes, C. Morrison, J. O’Grady, T.F. Smith, G. Withycombe (2008) Spatial Approaches for 
Assessing Vulnerability and Consequences in Climate Change Assessments. 

 

Prime Minister’s Science, Engineering and Innovation Council (2007) Climate Change in Australia: Regional 
impacts and adaptation, managing the risk for Australia Commonwealth of Australia 

 

Queensland Government Ministerial Media Statements (March 3, 2008) Bligh boosts Qld fight on climate change 
 

Rahmstorf, S. and others (2007) “Recent Climate Observations Compared to Projections,” Science 316. 

SRES (2000) Climate Change and Global Water Resources: SRES Emissions and Socio Economic Scenarios 
Global Environment Change, Volume 14, Issue1 





PORT KEMBLA OUTER HARBOUR DEVELOPMENT
Environmental Assessment Volumes

Volume 1

Main Environmental Assessment Document
Appendix A:Consultation Supplementary Documentation

Volume 2

Appendix B: Contamination: Sediment Quality - Main Document

Volume 3

Appendix B: Contamination: Sediment Quality - Laboratory Results

Volume 4

Appendix C:
Appendix D:

Contamination: Soils and Groundwater Quality
Qualitative Human Health and Ecological Risk Assessment: InSitu Sediment and
Groundwater Contamination

Volume 5

Appendix E:
Appendix F:
Appendix G:

Preliminary Hazard Analysis
Coastal Hydrodynamic Processes
Aquatic Ecology

Volume 6

Appendix H:
Appendix I:
Appendix J:
Appendix K:

Terrestrial Ecology Supplementary Documentation
Traffic and Transport
Noise and Vibration
Air Quality

Volume 7

Appendix L:
Appendix M:
Appendix N:

Landscape and Visual Amenity
Heritage
Climate Change


	Volume 7 93
	Volume 7 94
	Volume 7 95
	Volume 7 96
	Volume 7 97
	Volume 7 98
	Volume 7 99
	Volume 7 100
	Volume 7 101
	Volume 7 102
	Volume 7 103
	Volume 7 104
	Volume 7 105
	Volume 7 106
	Volume 7 107
	Volume 7 108
	Volume 7 109
	Volume 7 110
	Volume 7 111
	Volume 7 112
	Volume 7 113



