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Executive Summary

Introduction
Since the mid-19th century, the average temperature at the Earth’s surface has increased by approximately 0.7°C (IPCC, 2007a). This warming is “very likely due to the combined influences of greenhouse gas increases and stratospheric ozone depletion (IPCC, 2007a).” 

While much focus has traditionally been placed on building scientific understanding of such global changes in climate and their attribution, increasing attention is now focused on how communities, enterprises and governments should respond. This necessitates building understanding about the local-scale implications of climate change that can be used to guide adaptive decision-making.

This report examines the nature and extent of potential impacts of climate change to the Western Port region of Victoria. The report’s focus is on the impacts of climate change on the built environment, the social and economic implications of the impacts and the vulnerability of different localities and groups. It is one part of a wider ‘integrated assessment’ of climate change in the region that covers:

· regional climate changes and biophysical impacts;

· socio-economic and infrastructure impacts (this report);

· risk assessment; and

· adaptation response.

The Western Port region is well suited to a study of the impacts of climate change on human settlements - it has a large, diverse and growing population and a number of key implications of climate change are pertinent to the region including coastal and inland flooding, wildfires and drought.

In using this report it is important to be mindful of a range of uncertainties and limitations associated with the various analyses of exposure and impacts.  

Profile of the Western Port region
The Western Port region, which encompasses the local government areas of Bass Coast, Cardinia, Casey, Frankston and Mornington Peninsula Shire, has a coastal climate with relatively mild temperatures and high rainfall compared to other parts of Victoria.

The region is comprised of a diverse economy and demography consisting of key residential hubs for metropolitan Melbourne, as well as thriving business and industrial sectors. The region’s population is projected to grow by approximately 45% by 2031, presenting many opportunities for economic expansion and diversification, but also increasing the exposure of people, buildings and infrastructure to climate variability and change.

Temperatures in the Western Port region have risen by approximately 0.05°C to 0.15°C per decade since 1970, while annual rainfall has declined by approximately 50 mm per decade.  

Climate models suggest temperatures in the region will increase by 0.5 to 1.1°C by 2030 and 0.9 to 3.5°C by 2070, while average annual rainfall will change by -4 to 0% by 2030 and -23 to 0% by 2070. Meanwhile, sea-level rise projections are uncertain, but the IPCC has estimated a range of 6 to 17 cm by 2030 and 15 to 49 cm by 2070, with the potential for additional sea level contributions from acceleration of glacial ice melt.  

While these represent some of the projected changes in average climate conditions, climate extremes are projected to change as well, and it should be recognised that it is the changes in such extremes that are likely to pose the most significant threat to the region’s environments, infrastructure and communities in the years ahead.

The Western Port region is significantly exposed to climate extremes and natural hazards such as storm surge and coastal inundation, floods, bushfires and extreme temperatures. These hazards are projected to increase in frequency and/or severity.    

Increased frequency or severity of climate hazards are projected to have a broad range of direct impacts on urban settlements (both market and non market). These include impacts on land use and management, damages and maintenance costs to public and private property and infrastructure, human health and water availability. Increases in natural hazards will also have indirect and intangible consequences including disruptions to economic activity, the costs of emergency service provision, public amenity and quality of life. 

Some of these impacts will be pervasive throughout the region; for others the extent of impact will be situation specific depending upon the spatial distribution of hazards and human assets, populations and infrastructure across the region and in local government areas.

Specific climate consequences for the region’s settlements are outlined in Table A and discussed in more detail below.  

Impacts associated with coastal inundation

Sea-level rise in future decades will undoubtedly affect the coastlines of the Western Port region and drive progressive erosion in many locations. The effects of sea-level rise will however be most pronounced during storm events. For example, storm surge inundation simulations for the region, undertaken by CSIRO for this assessment, suggest that a current 1 in 100 year storm surge could become a 1 in 1 to 1 in 4 year storm surge by 2070.

Furthermore, the land area subject to inundation during a 1 in a 100 year storm surge event may increase by 4 to 15% by 2030 and 16 to 63% by 2070.

Table A: Overview of Climate Change Impacts in the Western Port Region
	Climate variable
	Indicative change*
	Exposed people and land**
	Exposed property and infrastructure**
	Most sensitive locations
	Economic 

and social impacts
	Vulnerable sectors
	Vulnerable groups

	Sea level rise / storm surge (Chapter 3)
	2030
	2070
	· up to 2,270 people directly exposed

· due to coarse resolution of topographic data, people and properties exposed to inundation may be understated, especially along Port Phillip Bay coastline


	· ~1,030 residential properties

· ~60 commercial and other properties

· most beaches, coastal wetlands and foreshore reserves 

· most boating facilities

· ~ 87km of roads 

· some drainage infrastructure

· water and sewer mains in Bass Coast, Casey and MPS
	Bass Coast: 

· Cowes, Rhyll, Cape Woolamai

· Bass River

· Grantville, Coronet Bay

· possibly in vicinity of Inverloch

Cardinia:

· no major settlements

Casey:

· Tooradin, Warneet

Frankston City:

· most of central and northern foreshore

· Kananook Creek and surrounds, including possibly Frankston CAD and Seaford wetlands and surrounds

Mornington Peninsula Shire:

· Crib Point, Hastings, Shoreham and Stony Point (Western Port Bay)
· possibly Balcombe Creek, Dromana Bay, Safety Beach, Dunns Creek, West Rosebud (Port Phillip Bay)
	· partial or (in worst case) complete loss of land values in affected areas

· major amenity impacts associated with damage to beaches and foreshore reserves

· impacts on businesses dependent on beach related tourism

· increased insurance costs or lack of access to insurance

· costs associated with beach and foreshore maintenance (e.g. beach renourishment)
	· tourism

· recreation and boating

· local government
	· low income households

· elderly households

	Sea level rise
	↑ up to  0.17 m
	↑ up to 

0.49 m
	· 
	· 
	· 
	· 
	· 
	· 

	Storm tide – max. height, 1:100 year ARI (current 2.10 m, Cowes)
	2.29 m
	2.74 m
	· 
	· 
	· 
	· 
	· 
	· 

	Storm tide – max. height, 1:100 year ARI (current 1.16 m, Frankston)
	1.37 m
	1.80 m
	· 
	· 
	· 
	· 
	· 
	· 

	Storm surge – change to 1:100 year ARI
	↓ to
1:40 - 1:6
	↓ to

1:20 - 1:1
	· 
	· 
	· 
	· 
	· 
	· 

	Inundation area Western Port Bay

(1:100 year storm surge) 
	up to 

12.6 sq km 
	up to 

17.7 sq km 
	· 
	· 
	· 
	· 
	· 
	· 

	Inundation area Port Phillip Bay***   (1:100 year storm surge) 
	up to 

1.1 sq km 
	up to 

1.6 sq km 
	· 
	· 
	· 
	· 
	· 
	· 

	Extreme rainfall 

(Chapter 4)
	2030
	2070
	· up to 39,480 people

· up to 580 km2 of land
	· ~13,390 residential properties( incl. rural), (~3,200 dwellings)

· ~2,050 commercial, industrial and other properties

· public infrastructure including schools, health care facilities, halls

· reserves and parks

· ~1,412 km of roads, 26 bridges
· extensive drainage infrastructure
· water and sewer mains and sewer pump stations
· railway lines
	Bass Coast:

· Bass River flood plain

Cardinia:

· all of southern section of Shire / Koo Wee Rup Swamp

Casey:

· much of eastern and southern sections of city

· significant pockets around  Hallam, Narre Warren, Berwick (e.g. Hallam Main drain) and Cranbourne

Frankston:

· most of central and northern coastal hinterland

· Frankston CAD

· Seaford wetlands and surrounds

Mornington Peninsula Shire:

· Crib Point, Hastings, Shoreham and Stony Point
	· increased flood damage to public infrastructure, especially roads and bridges 

· increased flood damage costs to residential and commercial buildings (minimal)

· disruption to transport

· increased emergency services demand and costs

· lost agricultural production

· health impacts related to disruption of water and sewerage services 

· stress and social disruption
	· local government

· transport

· rural / agriculture

· residential and commercial

· utilities (drainage)

· emergency services
	· low income households

· businesses and properties without adequate insurance

· residences with limited freeboard above 1:100 year flood (e.g. <300 mm clearance)

· properties not adequately prepared or maintained

	2 hour 
	↑ 15-25 %
	↑ 20-70 %
	· 
	· 
	· 
	· 
	· 
	· 

	12 hour
	↑ 3-22 %
	↑ 17-61 %
	· 
	· 
	· 
	· 
	· 
	· 

	24 hour
	↓2 - ↑17 %
	↑ 16-50 %
	· 
	· 
	· 
	· 
	· 
	· 

	72 hour
	↓ 2-16 %
	↑ 19-48 %
	· 
	· 
	· 
	· 
	· 
	· 

	Maximum flood heights
	↑
	↑
	· 
	· 
	· 
	· 
	· 
	· 

	Flood return intervals (ARI)
	↓  flash

↔ riverine
	↓ flash  

↓ riverine
	· 
	· 
	· 
	· 
	· 
	· 

	Windiness and storms 

(Chapter 4, Box 3)
	2030
	2070
	· entire population
	· older buildings

· electricity & telecommunications infrastructure

· parks and gardens
	· exposed coastal and elevated areas
	· increased damage costs to residential, commercial and public buildings

· increased emergency service costs

· disruptions to electricity supply
	· emergency services

· electricity and telecommunications
	· residents in low quality housing
· properties with large trees

	Extreme winds
	↓1 - ↑5 %
	↓3 - ↑14 %
	· 
	· 
	· 
	· 
	· 
	· 


* Key to climate changes: ↑ increase; ↓ decrease; ↔ no significant change.  Absence of number next to arrow indicates magnitude of change has not been quantified.

** Based on current (2006) population and projected changes to 2070.  *** Subject to considerable uncertainty.

	Climate variable
	Indicative change*
	Exposed people and land**
	Exposed property and infrastructure**
	Most sensitive locations
	Economic 

and social impacts
	Vulnerable sectors
	Vulnerable groups

	Fire weather 

(Chapter 5)
	2030
	2050
	· up to 73,620 people, mostly adjacent to bushland

· up to 468 km2 of land
	· 28,443 residential properties (incl. rural)

· 459 commercial and industrial 

· 5,301 public use and unspecified including schools, medical facilities, reserves and parks

· 1,621 km of roads and 49 km of rails
	Bass Coast: 

· Phillip Island around Cowes and Rhyll

· a large area in the north of the shire to the east and south of Grantville

· north and south of Wonthaggi

Cardinia:

· bushland settlements in urban rural fringe including Emerald, Cockatoo, Gembrook, Upper Pakenham, Upper Beaconsfield

Casey:

· limited areas, principally bushland settlements in urban rural fringe around Narre Warren North & East

Frankston:

· central areas around Langwarrin

· southern boundary around Frankston South, Langwarrin South

Mornington Peninsula Shire:

· urban fringe, semi-rural and rural areas scattered throughout Shire, especially bushland and adjacent areas
	· increased damage costs to residential properties

· health impacts including loss of life and air quality

· increased emergency service costs

· stress, social disruption
	· residential

· emergency services

· local government

· transport
	· people living in older housing (in exposed areas)

· properties that have not been adequately prepared

· low income households

	No. of very high and extreme forest fire risk days (~ 9-12 days current)
	↑ 1 - 2
	↑ 2 - 7
	· 
	· 
	· 
	· 
	· 
	· 

	No. of very high and extreme grass fire risk days (~ 95 days current)
	↑ 7 - 15
	↑ 9 - 30
	· 
	· 
	· 
	· 
	· 
	· 

	Average and extreme temperatures  

(Chapter 6)
	2030
	2070
	· entire population, especially 70,600 elderly and 38,700 infants
	· most roads

· most railways lines

· some building materials

· buildings or services that require cooling
	· inland areas (particularly urban)

· areas with high concentrations of elderly and 
	· increased mortality and morbidity in vulnerable groups

· increased infrastructure maintenance costs

· disruptions to transport networks

· increased risk of food and water born disease outbreaks

· increased summer peak demand

· increased cooling costs
	· transport

· construction

· local government services such as child care, environmental health
	· elderly

· infants

· residents in low quality housing (e.g. rental) or low income households

	Average annual temperature
	↑ 0.5-1.3°C
	↑ 1-3.5°C
	· 
	· 
	· 
	· 
	· 
	· 

	Days per yr > 30 °C (30 current)
	↑ 2 - 5 
	↑ 14 - 17 
	· 
	· 
	· 
	· 
	· 
	· 

	Days per yr > 35 °C (7 current)
	↑ 1 - 3 
	↑ 3 - 7 
	· 
	· 
	· 
	· 
	· 
	· 

	Days per yr > 40 °C (1 current)
	↑ 1 - 2
	↑ 2 - 5
	· 
	· 
	· 
	· 
	· 
	· 

	Runs of 3-5 days > 30 °C 

(3 current)
	↑ 1 - 2
	↑ 2 - 4
	· 
	· 
	· 
	· 
	· 
	· 

	Average rainfall 

(Chapter 7)
	2030
	2070
	· entire population
	· municipal parks and gardens

· playing fields

· water & wastewater infrastructure

· other infrastructure on clay soils
	· areas not connected to mains supply

· high water requirement sites

· wetlands, heritage gardens and other reserves
	· increased water prices

· increased reliance on non-traditional supply sources

· access to water for some activities (possibly)

· viability of some water dependent businesses and activities

· increased maintenance costs, some infrastructure
	· nurseries, garden services, etc

· local government services such as parks, recreation 

· water suppliers and retailers
	· households not connected to mains supply

· low income households (possibly)

	Average annual
	↓ 0-8 %
	↓ 0-23 %
	· 
	· 
	· 
	· 
	· 
	· 

	Catchment stream flows (worst case)
	↓ 25 %
	↓ >50 %
	· 
	· 
	· 
	· 
	· 
	· 

	Droughts
	↑ frequency & severity
	· 
	· 
	· 
	· 
	· 
	· 


* Key to climate changes: ↑ increase; ↓ decrease; ↔ no significant change.  Absence of number next to arrow indicates magnitude of change has not been quantified.

** Based on current (2006) population and projected changes to 2070.  *** Subject to considerable uncertainty.
The fact that only a narrow strip of land is exposed to coastal processes such as storm surge means that the exposure of associated property, populations and infrastructure is inherently constrained. Nevertheless, such inundation would impinge upon over 2,000 individuals, over 1,000 dwellings, and approximately $780 million in improved property value.

Public infrastructure is also at risk, including major thoroughfares such as the Nepean and South Gippsland Highways, and boating facilities. Beaches, foreshore reserves and coastal wetland areas throughout the region, as well as the amenities they provide, are likely to be affected as well.

In the absence of adaptation measures, the economic and social consequences to of impacts to the region’s beaches and foreshore areas could be substantial. These include disruptions to the region’s tourism industry and a major loss of social, cultural and environmental amenity values.

Areas most at risk include townships on Phillip Island in Bass Coast Shire, coastal townships in the City of Casey including Tooradin and Warneet, and the township of Hastings in Mornington Peninsula Shire. 

Impacts associated with intense rainfall and inland flooding

Flood events typically represent the most costly type of disaster in Australia, contributing to property damage and disruption of services and businesses as well as injury and death. At least 619 km2 (18%) of the Western Port region lie in land areas subject to inundation or overland flow paths. This highlights the present risk the region faces in regard to flood hazard, typified by the Koo-Wee-Rup ‘Super Flood’ of 1934.  

While significant advancements in flood protection have been made over the past century, future climate change poses an additional challenge. Simulations of extreme rainfall in 2030 suggest increases of up to 25% in extreme rainfall from events of 1 to 24 hours in duration in at-risk areas of Western Port region.  By 2070, extreme rainfall is projected to increase by up to 70%, depending on location.  Such increases in extreme rainfall could drive increases in the frequency or magnitude of flood events or flood heights. 

Flood mapping in the region is an ongoing process, with some flood prone areas still to be mapped.  Based on current information though, an estimated 18,000 properties with a total capital improved value of almost $2 billion are vulnerable to flood events. Approximately 13,000 of the properties are residential, about 40% of which contain dwellings that are vulnerable to above-floor flooding. 

Despite the total value of assets in harm’s way, the potential implications of climate change for above-floor flooding suggests that increases in the magnitude of damages to residential and commercial properties from changing rainfall extremes may be relatively modest.  However, there could well be a significant increase in the frequency of any given flood event and associated damage costs.  

A range of Melbourne’s and the State’s major transport corridors also occur in at-risk areas including over 1,500 km of roads and 125 km of rail, and dozens of bridges. A range of businesses, industries, public services and utilities are also vulnerable to disruptions from flooding. Indirect economic costs associated with flooding of this infrastructure could be significant relative to direct damages. 

Areas most at risk include much of southern Cardinia Shire (the Koo-Wee-Rup Swamp), southeast and central Casey, northwest Frankston and the Frankston Central Activity District (CAD).
Impacts associated with changes to fire weather conditions

Bushfires are a major economic, social and environmental hazard in Southeast Australia. The 1983 Ash Wednesday bushfires represents one of the worst bushfire events in the Victoria’s history, with communities in the present Cardinia Shire being amongst the worst affected.  

Recent studies have confirmed a trend toward worsening fire weather conditions in southeast Australia in recent decades, and projections of a warmer and drier future climate translate into even greater risk in the future.  Modelling of forest fire risk at locations in proximity to the Western Port region indicate the number of days of ‘very high’ or ‘extreme’ forest fire risk will increase by 1 to 2 days by 2030 and by 2 to 7 days by 2050, a potential increase of 60% or more.

At present, an estimated 710 km2 (21%) of the Western Port region are in bushfire prone areas.  Given the current distribution of property, people and infrastructure, over 73,000 individuals, approximately 35,000 properties (including 28,000 dwellings), with a capital improved value of $7.6 billion lie in at-risk areas.   

A range of major transport corridors also occur in at-risk areas including over 1,600 km of roads and 75 km of rail, including the Nepean, South Gippsland, and Bass Highways as well as heavily travelled rail lines. Electricity transmission lines from the Latrobe Valley that traverse the Western Port region and provide electricity to Melbourne and Gippsland are also exposed to bushfire in multiple locations. 

Overall, those areas most at risk include the Gurdies in Bass Coast Sire, much of northern Cardinia including the townships of Emerald, Cockatoo and Gembrook, central and southeast Frankston and bushland areas in Mornington Peninsula Shire, particularly around the townships of Dromana and Mornington as well as around HMAS Cerberus.

Impacts associated with changes to average and extreme temperatures

Extreme heat events represent one of the leading causes of climate-related mortality in the developed world, even in coastal locations that often benefit from milder climates than inland areas. With temperatures projected to rise from climate change, the increased incidence of extreme heat days and heat waves, in conjunction with a growing and aging population, is projected to contribute to significant mortality in future decades.  These are likely to outweigh reductions in winter mortality in response to increases in temperatures.

At least one study suggests the heat-related annual death rate among people 65 and older in the Melbourne region would increase from 289 at present to 484 to 636 by 2100. On a proportional basis (but not allowing for local differences in climate and/or physiological differences between the population groups), the number of additional deaths in the region, among this group due to heat stress, could be approximately 30 to 53 annually by 2100.  

While the occurrence of extreme temperature events may be similar throughout the Western Port region, different areas and populations may be more or less vulnerable based upon the age distribution of the population, type of housing and access to climate control. 

Elderly people (>65 years of age) are likely to be the most vulnerable group in the community to extreme temperatures. Significant concentrations of elderly occur in Bass Coast and on the Port Phillip Bay coastline of Mornington Peninsula Shire.  

Higher temperatures in both summer and winter will also affect energy use.  Greater demands for air conditioning to maintain building thermal comfort, for example, is likely to drive increased electricity consumption during summer months.  Meanwhile, energy demand during the winter may decline.  

The economic implications of changes to energy use patterns may vary depending upon how electricity is priced – a characteristic that is likely to change in the future based upon the balance of supply and demand.  While new buildings built to ‘5 Star’ energy efficiency ratings may be able to manage temperature increases with little increased cost, these represent a small fraction of the region’s housing stock at present.    

Impacts associated with changes to average rainfall

Average rainfall in the Western Port region is projected to decline by up to 8% in 2030 and 23% by 2070, with reductions potentially coming in all seasons but especially in winter and spring. Drought frequency and intensity are projected to increase.

Streamflows in the Bunyip River and South Gippsland basins and in Melbourne Water’s catchments, from where most of the region’s water is sourced, are projected to decline, perhaps substantially. This has major implications for the region’s water supply / demand balance. 

The nature and level of regional economic and social impacts to changes in the water supply / demand balance are expected to depend on government policy response. It is likely though, that all water users in the region will face significantly higher water prices in the future.

Reduced average rainfall and reduced streamflow will also adversely impact on ecological, amenity and recreational values in the region. Values impacted are likely to include: waterway, wetland and coastal estuarine health; the viability and/or cost of maintaining domestic gardens and municipal gardens, parks and sporting fields; and streetscapes.  

Some of the region’s infrastructure exposed to drying soils will be vulnerable to increased degradation or structural failure.

Cross sectoral issues

Groups vulnerable to the impacts of climate change

Low income earners and the elderly are especially vulnerable to the impacts of climate change in the region.

Assessment of exposure of these groups to coastal inundation, flooding and bushfires suggests that low income earners are over represented in many of the localities exposed to coastal inundation but not so much in the localities exposed to floods and bushfires.

Elderly residents, on the other hand, are over represented in most localities exposed to coastal inundation and also in many of the localities exposed to floods and bushfires.

As previously noted, elderly residents throughout the region are particularly vulnerable to an increase in extreme temperatures.

Land use planning
Climate change in the Western Port region presents particular challenges for future land use planning and decision-making. In particular, climate change adds to the imperative for efficient use of this land and careful monitoring of growth in Casey-Cardinia corridor, since much of the land designated for growth is exposed to either flooding or bushfires. 

Climate change also adds to the complexity of land use planning decisions associated with population growth and development along the region’s coastline and in rural and semi-rural (Green Wedge) areas, since much of it will occur in areas exposed to coastal inundation, flooding or bushfires.

These challenges need to be considered in the context of the current planning and policy environment in Victoria including the proposed review of the Planning and Environment Act 1987.

Emergency management and volunteer support

Climate change poses significant challenges for emergency service planners and providers in the Western Port region including the SES, CFA and the Victorian Ambulance Service. Although those bodies already have comprehensive emergency management planning arrangements in place at the regional and sub-regional levels, plans may need to be reviewed in anticipation of more frequent or extreme weather events.

Local councils in the Western Port region also have an important role in emergency management and to that end have in place comprehensive municipal emergency management plans. However, the increased frequency and/or intensity of natural disasters due to climate change could add additional cost burdens on councils’ emergency management role.

The cumulative effects of more frequent and/or more severe extreme weather events also poses significant challenges for resourcing of volunteer and community groups in the region, highlighting the importance of strengthening the capacity of community groups and volunteer organizations to respond to climate change.
Local government financial impacts

Generally speaking, climate change could have substantial implications for council finances and, particularly, the allocation of financial resources to various operational activities and services. 

A preliminary review of capital and operating expenditure by local councils in the Western Port region indicates that approximately 19% of council’s annual expenditure can be classified as being directly ‘climate exposed’, with this expenditure consisting of capital and maintenance expenditure on roads, drains, open space and buildings. In addition, there are a range of council expenditures that are indirectly exposed to climate events and climate change, including emergency management, health and aged care.

Opportunities from climate change

Climate change in the Western Port region is likely to create many opportunities, some region wide and some specific to particular industries or groups. Some of these opportunities will stem from responses to the impacts of climate change discussed in earlier chapters (e.g. improved housing design), while others will flow from favourable climate changes (e.g. tourism and recreation opportunities due to higher average temperatures and/or reduced rainfall).  

Research needs
This report represents one preliminary step in a long-term process of adaptation among the communities of the Western Port region.  Building upon this assessment to enhance specificity and clarify uncertainties in regional impacts will require the acquisition of more robust data sets, more detailed assessments of smaller subregions or a more constrained suite of climate changes and hazards. 

In particular, research could be profitably targeted at specific at-risk locations in the region, for example, to conduct more rigorous hydrological modelling of extreme rainfall and flood risk as well as the effects of sea-level rise, storm surges and waves on both coastal erosion and inundation.  Similarly, more robust spatial modelling of fire risk or vulnerability to extreme heat events could also be conducted. 

To maximise the utility of such work for adaptive decision-making regarding climate change, such modelling should also seek to incorporate plausible scenarios of changes in population, land use, building stocks, economic activity and environmental management.
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