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Impacts of Climate Change in the Western Port Region

EXECUTIVE SUMMARY

Introduction

1.

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

6.

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

Final Report i



Impacts of Climate Change in the Western Port Region

10.

11.

12.

13.

14.

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

15.

16.

17.

18.

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.

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
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Table A: Overview of Climate Change Impacts in the Western Port Region

. . . . Exposed people and | Exposed property and o . Economic Vulnerable Vulnerable
*
Climate variable Indicative change land** infrastructure** Most sensitive locations 1) G s sectors groups
Sea level rise / storm surge
(Chapter 3) 2030 A Bass Coast:
= Cowes, Rhyll, Cape Woolamai
. up to T upto = Bass River
Sea level rise (T) 1$m 049 m ~1,030 residential = Grantville, Coronet Bay artial or (in worst case) complete
' ’ = upto 2,270 people properties = possibly in vicinity of Inverloch P ; P
] . e loss of land values in affected
Storm tide — max. height, 1:100 599 574 directly exposed ~60 commercial and other | Cardinia: areas
' 29 M -f4m = due to coarse properties = no major settlements ; Lo .
year ARI (current 2.10 m, Cowes) resolution of most beaches, coastal | Casey: major amenity impacts associated
Storm tide — max. height, 1:100 topographic data, wetlands and foreshore = Tooradin, Warneet foreshore rgeserves = tourism low income
year ARI (current 1.16 m, 1.37 m 1.80 m people and reserves Frankston City: impacts on businesses dependent | ©  recreation and households
Frank properties exposed to most boating facilities = most of central and northern foreshore P . P boating elderly
rankston) : 2 2 ! on beach related tourism
inundation may be ~ 87km of roads = Kananook Creek and surrounds, including increased insurance costs or lack | ® local government households
Storm surge — change to 1:100 lto L to understated, some drainage possibly Frankston CAD and Seaford of access {0 iNsurance
car ARI ’ especially along Port infrastructure wetlands and surrounds costs associated with beach and
y 1:40 - 1:6 1:20 - 1:1 Phillip Bay coastline water and sewer mains in | Mornington Peninsula Shire: o M T
: Bass Coast, Casey and = Crib Point, Hastings, Shoreham and Stony . 9
Inundation area Western Port Bay | up to up to MPS Point (Western Port Bay) beach renourishment)
(1:100 year storm surge) 12.6 sqkm | 17.7 sq km = possibly Balcombe Creek, Dromana Bay,
) o Safety Beach, Dunns Creek, West Rosebud
Inundation area Port Phillip Bay*** | up to up to (Port Phillip Bay)
(1:100 year storm surge) 1.1 sq km 1.6 sq km
Extreme rainfall
2030 2070 . . Bass Coast: low income
(e Ul il = Bass River flood plain households
properties( incl. rural), s . . )
0 0 (~3.200 dwellings) Cardinia: increased flood damage to public businesses
2 hour 115-25 % 120-70 % ~2 ’050 comme?cial = all of southern section of Shire / Koo Wee infrastructure, especially roads and properties
IeEAE] G| GHiey CasiL;/F') Swamp ?r?c(?'eb;sdegdefslood damage costs to = |ocal government \;vclltggtzj;te
o 0, i *
12 hour 1322 % 1 17-61 % prftgi?:rtiff?astructure = much of eastern and southern sections of city residential and commercial = transport insurance
P . = significant pockets around Hallam, Narre buildings (minimal) = rural / agriculture residences
including schools, health . ; . - ” - : .
24 hour l2 _ T17 % T 16-50 % = upto 39,480 ?eople care facilities. halls Warren, Berwick (e.g. Hallam Main drain) and disruption to transport = residential and with limited
= up to 580 km” of land reserves an d’ parks Cranbourne increased emergency services commercial freeboard
~1.412 km of roads, 26 Frankston: demand_ and costs _ = utilities (drainage) above 1:100
72 hour l 2-16 % T 19-48 % bridaes = most of central and northern coastal lost agricultural production = emergency year flood (e.g.
extegnsive drainage hinterland health impacts related to services <300 mm
infrastructure 9 = Frankston CAD disruption of water and sewerage clearance)
Maximum flood heights i 1 . = Seaford wetlands and surrounds services properties not
water and sewer mains Mornington Peninsula Shire: d ial di . d |
and sewer pump stations ornington Peninsula Shire: stress and social disruption adequately
| flash | flash railway lines = Crib Point, Hastings, Shoreham and Stony prepared or
Flood return intervals (ARI) Point maintained
<> riverine | | riverine
Windiness and storms - increased damage costs to . .
2030 2070 older buildings . . - . = emergency residents in
(Chapter 4, Box 3) electricity & rbisillg;ntlsal, COMIIEE ] EMel [PUiall services low quality
= entire population telecommunications = exposed coastal and elevated areas ; 9 d . = electricity and housing
infrastructure Increased emergency service telecommunicatio properties with
Extreme winds 11-15% 13-114 % costs
© © parks and gardens ns large trees

disruptions to electricity supply

* Key to climate changes: 1 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.
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. . .. Exposed people and Exposed property and e . Economic Vulnerable Vulnerable
*
Climate variable Indicative change land** infrastructure** Most sensitive locations 1) G s sectors groups
Fire weather
(Chapter 5) 2030 2050 Bass Coast:
P = Phillip Island around Cowes and Rhyll
= alarge area in the north of the shire to the
east and south of Grantville
= north and south of Wonthaggi
No. of very high and extreme 0 SRS R ?arglljrs“.lhalgnd settlements in urban rural fringe S [ I
forest fire risk days (~ 9-12 days T1-2 12-7 . Z?;ig:ﬁ;g?;glrgﬁ) including Emerald, Cockatoo, Gembrook, increased damage costs to (()i:?ee:(hgs;ng
current) . . Upper Pakenham, Upper Beaconsfield residential properties residential P
= upto 73,620 people, industrial X . ) . areas)
mostly adjacent to = 5,301 public use and LEmE ieeliin lirfgizicis el lezs o emergency = properties that
bushland ur'13 ecified includin = |imited areas, principally bushland life and air quality services have not been
«  up to 468 kmZ of land schgols medical fac%lities settlements in urban rural fringe around Narre increased emergency service local government adequatel
P reserve:c, and parks ’ Warren North & East costs transport re qare d y
P Frankston: stress, social disruption Prep;
= 1,621 km of roads and 49 | _ tral dL . = |ow income
km of rails central areas around Langwarrin households
= southern boundary around Frankston South,
No. of very high and extreme Langwarrin South
grass fire risk days (~ 95 days 17-15 19-30 Mornington Peninsula Shire:
current) = urban fringe, semi-rural and rural areas
scattered throughout Shire, especially
bushland and adjacent areas
Average and extreme
temperatures 2030 2070
(Chapter 6)
Average annual temperature 10.5-1.3°C | 11-3.5°C [METEEEEE ez ent morely; = elderly
in vulnerable groups transport s infants
. . = most roads increased infrastructure construction . :
2.5 14 -17 = entire population, . . : . = residents in
Days per yr > 30°C (30 current) I [ CEpIEEEL (D0 . g:)on?terg:\illvc?izs Irlrr:gtserials e Srees (PRrEL Y Uik r(;]izlrrlltetri](?nnscteo(itcr)asass ort networks Isoecl:'silcgegvsel:ghmgrs]t o7 ELE 137
elderly and 38,700 . buildi 9 mé = areas with high concentrations of elderly and ; P . £ P . housing (e.g.
i ) infants U|Id_|ngs or services that |ncrea§ed risk of food and water chllq care, rental) or low
Days per yr > 35 °C (7 current) T1-3 13-7 require cooling born disease outbreaks environmental income
increased summer peak demand health households
1.2 2.5 increased cooling costs
Days per yr > 40 °C (1 current) T1- T2-
Runs of 3-5 days > 30°C 11-2 12-4
(3 current)
Average rainfall
(Chapter 7) CEI 2070 increased water prices
p = municipal parks and increased reliance on non- nurseries, garden | _ households
o o CETENS = areas not connected to mains supply UG ST EOlTEss SAMIEES, G not connected
Average annual 1 0-8 % 1 0-23 % = playing fields = hich water requirement sites access to water for some local government Mok
= entire population = water & wastewater 9 q activities (possibly services such as
= wetlands, heritage gardens and other supply
Catchment stream flows (worst o o infrastructure reserves ’ viability of some water dependent parks, recreation = low income
case) 125% 1 >50 % = other infrastructure on businesses and activities water suppliers households
clay soils increased maintenance costs, and retailers (possibly)
Droughts 1 frequency & severity some infrastructure
* Key to climate changes: 1 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.
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19.

20.

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

21.

22.

23.

24.

25.

26.

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 km® (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).
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Impacts associated with changes to fire weather conditions

27.

28.

29.

30.

31.

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 km? (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

32.

33.

34.

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
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35.

36.

37.

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

38.

39.

40.

41.

42.

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

43.

44,

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
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45.

46.

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

47.

48.

49.

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

50.

51.

52.

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

53.

54.

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
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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

55.

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

56.

57.

58.

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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1.  INTRODUCTION

1.1. The Western Port Integrated Assessment Project

Climate change is emerging as a vital issue for Australian communities.
Even with international action to reduce greenhouse gas emissions, the
global climate is projected to undergo significant change in the 21
century, with the potential to create many risks as well as opportunities.

It is important that the impacts of climate change are addressed at regional and local
levels, since local attributes including socio-economic characteristics and the physical
environment will significantly determine the extent of the risks and opportunities, as well
as the nature of community responses.

Impacts of Climate Change on Human Settlements in the Western Port Region: An
Integrated Assessment (referred to hereafter as the Western Port Climate Change
Integrated Assessment) is a two year project examining climate change impacts on the
region’s built environment and communities as well as local adaptation responses to
those impacts. The project was funded by the Commonwealth Department of Climate
Change through its Human Settlements sub-programme and the Department of
Sustainability and Environment (Victoria) and co-managed by Marsden Jacob Associates
and the Western Port Greenhouse Alliance.

The project builds on and extends The Climate Change Impacts and Adaptation in
Western Port scoping study, initiated in 2005 by the WPGA and funded by the Victorian
Department of Sustainability and Environment. The scoping study established that
climate change is an emerging issue for the Western Port community. It pinpointed eight
priority issues for responding to climate change in the region, five of which are directly
relevant to the impacts of climate change on the region’s settlements. It also identified
the need for more detailed regional information on the potential impacts of climate
change, as well as an understanding of processes that could assist local decision-making
on the issue.’

The Western Port Climate Change Integrated Assessment is one of a small number of
climate change ‘integrated assessment’ projects recently undertaken in Australia.
Notwithstanding a growing body of international climate change adaptation and
integrated assessment literature, there is currently no widely accepted definition of an
integrated assessment.

For the purpose of this project, we have defined integrated assessment of climate change
as:

a study that integrates biophysical, social and economic understanding of the
climate change issue with effective community decision-making.

Given this definition, the primary objective of the Western Port Climate Change
Integrated Assessment was to improve understanding of the scientific, economic and
social impacts of climate change in the Western Region in order to:

! Outputs of the scoping study can be sourced at: http://www.wpga.org.au/
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= enhance the capacity and knowledge of local governments and other decision-makers
in the region to prepare for and adapt to climate change; and

= develop an approach to climate change assessment and adaptation that has
transferability to other regions in Australia.

The Western Port Climate Change Integrated Assessment project consists of four major
phases (Figure 1.1).

Figure 1.1: Major phases of the Western Port climate change integrated
assessment

Changes in Regional Climate
(Phase 1)

Biophysical Impacts

Infrastructure & Socioeconomic Impacts
(Phase 2)

Risks to Local Communities
(Phase 3)

Adaptation Response
(Phase 4)

1. The first phase entailed projecting changes to key climate drivers and associated
biophysical impacts in the region. Changes examined include extreme sea level,
extreme winds and average and extreme rainfall, as well as average temperature,
humidity, solar radiation and fire weather. Outputs of this phase are provided in
three biophysical impacts reports.”

2. The second phase, which is the subject of this report, involved an examination of
the nature and extent of potential impacts to the region’s built environment (land,
housing and public and private infrastructure) as well as an assessment of the
social and economic implications of the impacts and the vulnerability of different
localities and groups.

3. The third phase entailed identifying and prioritising risks to local governments
associated with the impacts. A series of risk assessments were undertaken with
each of the region’s local councils.

? The biophysical impacts reports are: Abbs and Rafter (2008); Macadam and Ricketts (2008); and
Mclnnes et al. (2008).
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4. In the final phase, adaptation options and barriers to effective response to the
high priority risks were explored with local councils, state government and other
key regional decision makers.

Stakeholder engagement and project evaluation were important aspects of all project
phases.

1.2. Project Framework

1.2.1. Scope of Report

The Western Port Climate Change Integrated Assessment project, and by
implication this report, focuses on the impacts of climate change on
human settlements in the Western Port region of Victoria.

A description of the region and a rationale for selecting it for this study are provided in
the following chapter.

Because the focus of the study is on human settlements, some issues and localities
within the region are examined only in passing or not at all. They include:

= national parks, reserves and other natural areas (except where they fall within the
boundaries of the region’s settlements or are otherwise strongly pertinent to the local
communities);

= Dbiodiversity; and
» farmland and primary industries.

A major focus of this project is on building the capacity of local governments to respond
to the impacts of climate change. For that reason, particular emphasis in the report is
given to assessing the impacts of climate change on people, infrastructure and resources
for which local councils have some planning, management or service responsibility,
although other infrastructure and resources important to the well-being and effective
functioning of local communities are also examined.

Climate change impacts considered in this report are based on climate change projections
for 2030 and 2070. These timeframes have been selected because:

= they are consistent with the long term strategic planning horizons of most
organisations (2030) or the life expectancy of major infrastructure and assets (2070);

= they are the most commonly used periods for Australian climate change projections
(e.g. CSIRO 2007).
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Box 1.1. Guidance for Using This Report

A. Structure of This Report

This report presents the findings of Phase 2 of the Western Port Climate Change Integrated
Assessment project. Infrastructure, social and economic impacts of climate change are
assessed and presented in two different formats. The main body of the report examines and
presents the impacts of climate change in terms of key biophysical variables - storm surge,
flooding, wildfires, etc. It is structured as follows:

e Chapter 2 provides a profile of the Western Port region - its people, economy, infrastructure
and local governance - and discusses, in broad terms, how the region is exposed to
projected climate changes.

e Chapter 3 examines the impacts of coastal inundation associated with sea level rise and
storm surge. It identifies the localities, people and infrastructure exposed to future
temporary or permanent inundation and discusses the potential economic, financial and
social implications of those exposures.

e Chapter 4 examines the impacts associated with intense rainfall and inland flooding. As in
Chapter 3, it identifies the localities, people and infrastructure exposed to future flooding
and flash flooding and discusses the potential economic, financial and social implications of
those exposures.

e Chapter 5 examines the impacts associated with wildfires. Again, the localities, people and
infrastructure exposed to wildfires are identified and the potential economic, financial and
social implications of the exposures are discussed.

e Chapter 6 examines the impacts associated with projected changes to extreme
temperatures. Because exposure to these variables cannot be differentiated by location,
examination of associated impacts principally takes the form of qualitative discussions of
economic and social issues.

e Chapter 7 examines the impacts associated with projected changes to average rainfall,
focussing in particular on water supply and demand.

e Finally, in Chapter 8 the findings detailed in the earlier chapters are pulled together to
present a summary of municipalities, people and infrastructure in the Western Port Region
most vulnerable to the impacts of climate change. Policy and planning issues relevant to the
impacts are then discussed.

In addition to the main report, a series of appendices are used to present regional impacts of
climate change in an alternative format — in terms of the infrastructure, social and economic
impacts of climate change for each of the five local government areas (LGASs) in the region.
Most of the information in the appendices is taken from the main body of the report but in some
cases discussion has been enhanced with data specific to each LGA.

B. Approaches to Spatial Analysis of Climate Exposure

In the assessment of the potential impacts of climate change, this report relies upon the analysis
of the spatial distribution of climate hazards (both present and future) and their overlap with
assets and infrastructure of regional value. At present, there is already a risk associated with
climate variability such as storm surges, flooding and drought, bushfire or extreme heat. While
climate change is anticipated to exacerbate or enhance such events and their downstream
consequences, this enhanced risk may occur in a range of different ways:
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¢ Increase in the frequency/duration of an event or impact — climate hazards and impacts
occur more frequently or persist for a longer period of time than would normally be expected
based upon historical climate conditions.

¢ Increase in the intensity or magnitude of an event or impact — climate hazards and
impacts are more severe than would normally be expected based upon historical climate
conditions.

e Change in the spatial distribution of an event or impact — climate hazards and impacts
arise in or expand into areas that would normally not be exposed based upon historical
climate conditions.

Quite often, projected consequences of climate change demonstrate a combination of the above
characteristics. For example, sea-level rise is likely to cause storm surges to be higher (i.e.,
more intense), leading to shorter return intervals for a given surge height (i.e., more frequent),
and are likely to penetrate further inland (i.e., changing spatial distribution). In assessing
potential impacts of climate change to the Western Port region, different characteristics were
examined based upon the impact under consideration (Table 1.1), and the information available.
This has important implications for this report. In particular, for those impacts where the spatial
distribution of exposure was assumed to remain the same into the future, it is difficult to
quantitatively estimate how impacts may change over time. Instead, the assessment is
restricted to estimates of infrastructure and assets currently exposed with the assumption that
damages will rise in the future due to greater frequency or intensity of events and/or greater
number of assets in harm’s way.

Table 1.1: Descriptions of various ways in which climate change impacts were quantified
in this report.

Biophysical Impact Criteria for Socio-economic Impact Assessment

Increase in the spatial distribution of storm-surge
inundation in response to future sea-level rise.
Increase in frequency of storm-surge inundation
within existing areas subject to inundation.

Sea-level Rise/Storm Surge (Chapter 3)

Increase in the intensity of extreme rainfall within

Flooding (Chapter 4) existing land areas subject to inundation.

Increase in the frequency and intensity of bushfire

Bushfire (Chapter 5) events within existing bushfire prone areas.

Increase in the frequency and intensity of extreme

Extreme Temperatures (Chapter 6) heat events

Reduction in the magnitude of annual rainfall and
water availability.

Average Rainfall (Chapter 7)

C. Methods for Estimating Socio-Economic Costs

An economic framework is often employed to calculate costs arising from natural disasters
(Handmer, 2003; Middlemann, 2007). The framework, outlined in Figure 1.2, categorises the
costs of natural hazards into market (tangible) and non-market (intangible) costs. These costs
are described in turn in terms of direct and indirect costs. Direct costs are the consequence of
the initial disaster event and will be felt immediately, for example, through the damage or
destruction of infrastructure (market costs) or the loss of life (non-market costs). Examples of
indirect losses are disruption to regional economic activity as a result of the disaster (market) or
the inconvenience and stress imposed on people (non-market).
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Figure 1.2: Framework for assessing costs associated with climate change related
impacts in Western Port region

Climate related ‘event’
Market costs Non-market costs
(tangible) (intangible)
Direct Indirect Direct Indirect

- property loss or - loss of - death and injury - stress & ill health

partial loss production & - loss of natural / - social disruption

(coastal only) disruption to environmental & - loss of recreational
- damage to services cultural assets opportunities

infrastructure - emergency - loss of personal
- increased response memorabilia

maintenance - clean up

Source: After BTRE (2000); Queensland Government (2002)

This framework is used to describe the potential economic, social and environmental costs
associated with impacts of climate change in the Western Port region. It is important to note
though, that we have not attempted to fully quantify the potential costs of climate change in the
region, either in monetary terms or using other metrics. Rather, we have sought to provide
sufficient information, some quantitative and some qualitative, to give an indication of the
relative significance of different climate events for different variables, in different areas in the
region.

In examining costs, consideration also needs to be given to distributional issues, noting that
some groups in the community are likely to be particularly vulnerable to coastal inundation or
other impacts of climate change. Distributional issues are discussed in Chapter 8.

D. Data Gaps and Limitations of the Assessment

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. Failure to do so may cause one
to over-estimate the precision of the analyses. Some general caveats regarding limitations are
presented below, but more specific discussions accompany a number of the chapters.

¢ Uncertainty Regarding Future States — While tools such as climate models are powerful
devices for informing our understanding about future changes in the climate system, it is
difficult to validate how well a climate model simulates future conditions. The models used
in this report have been evaluated for how well they perform in reproducing the historical
and current Australian climate (see CSIRO and BOM, 2007), with different models
generating different results, particularly for variables such as rainfall. The biophysical
reports generated for this project explore this uncertainty, but many of the projections of
exposure and impacts are based upon a limited set of scenarios about the future. While
there is confidence in general trends (such as warming temperatures and sea-level rise),
the absolute magnitudes are uncertain. Such uncertainties also extend to aspects of the
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region’s demographics and economic conditions. There is confidence regarding future
increases in regional population, wealth and development, but the locations of specific
structures and assets or their market value at a future time cannot be known with certainty.

Challenges in Linking Climate to Impacts — While this report reviews some of the
literature regarding the relationship among climate change and various key impacts, in
generating estimates, the report largely relies upon an assessment of exposed assets. Yet
exposure to natural hazards is only part of the story. Where possible, this report provides
some indicative estimates that illustrate possible flood damages to buildings or mortality
from extreme heat events based upon some simple assumptions regarding how exposure
relates to outcomes. However, more detailed and robust modelling tools developed for
application to specific locations and/or sectors are necessary for generating more
comprehensive and rigorous estimates of current and future climate consequences.
Nevertheless, the estimates provided in this report provide some valuable insight into the
potential scope of climate change challenges.

Data Quality and Availability — Limitations in the availability of data, the scale at which it
was collected and its quality can pose significant challenges for environmental
assessments. Data gaps may arise from a range of sources including,

— constraints on data ownership and sharing;
— lack of a systematic monitoring and collection system;

— technological limits on the quality and accuracy of data collection tools and methods
(see also Box 3 in Chapter 3);

— challenges in estimating future conditions (see above); and

— complete lack of data or knowledge about a particular system or its behaviour.

Addressing such challenges often requires changing the scope or nature of the assessment,
additional investments of financial resources and time, or iterative assessment methods that
enable analyses and results to be updated as new information becomes available.
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1.2.2. Overview of Integrated Assessment Approach

The ‘urban metabolism model’ used in national State of the Environment
(SoE) reporting provides a useful conceptual framework for the four project
phases outlined above.

The urban metabolism model (Figure 1.3) is a systems-based model that examines human
settlements in terms of three major elements (Newton, 2001):

= assets (including people, infrastructure and resources);

= systems and processes (such as governance, planning, technology and information
flows); and

= community objectives and outcomes (which are often viewed in terms of liveability,
economic performance and sustainability — the so-called ‘triple bottom line’).

These components are dynamically linked; that is, they are constantly evolving and are
based on an understanding that changes to one element will have implications for the
other elements.

Figure 1.3: Phases of the project using the urban metabolism model as a
conceptual framework

Objectives

Assets Systems & processes

Liveability

People Governance
Climate change |_ Planning Economic
Biophysical Technology performance
Information

e SN
(e

Ecological

: sustainability

]

A 4
Impacts ¢--------- Adaptation measures | -----
- What? : A
- Where? 1 :
- Who? | |
-How? [~~~ " °"°TTTTTTTTTT ¥ommmmmmmmm e »

When an external ‘pressure’ (such as climate change) poses threats to a settlement, it is
anticipated that decision makers will seek to mitigate those threats that they perceive
could significantly impact on community economic, social and environmental objectives.
They will do this through measures directed at the settlement’s systems and processes.
They will also wish to capture any opportunities created by the external pressure.

With respect to climate change, before the community can implement response
(adaptation) measures, it first needs to understand:
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= the nature of the pressures posed by climate change (Project Phase 1);

= how the pressures might translate into impacts on a settlement’s people,
infrastructure and resources (Project Phase 2);

= how those impacts, in turn, pose risks to community objectives (Project Phase 3); and

* how different management alternatives can mitigate risks and the associated costs
and benefits of their implementation (Project Phase 4).

1.2.3. Overview of the impacts assessment framework

Vulnerability assessment of natural and human systems to the impacts of
climate change is now a major aspect of climate change research.

As noted by Fiissel (2007), the term ‘vulnerability’ can be used in many different ways.
In the context of climate change though, a widely accepted definition is provided by the
Intergovernmental Panel on Climate Change (IPCC, 2007, p.22). Vulnerability is:

““...the degree to which a system is susceptible to, or unable to cope with,
adverse effects of climate change, including climate variability and
extremes. Vulnerability is a function of the character, magnitude, and rate
of climate change and variation to which a system is exposed, its sensitivity,
and its adaptive capacity.”

Work of the IPCC over the past 15 to 20 years, including its most recent assessment
(IPCC, 2007), has been directed at the international sphere, focussing on climate change
impacts and vulnerable systems at the global level. In recent years there have also been
studies directed at the national sphere, examining vulnerable sectors, systems and regions
in Australia (e.g., Allen Consulting, 2005). The Western Port Climate Change
Integrated Assessment is directed at the local sphere. Thus, it aims to drill down deeper
than internationally and nationally focussed studies, by examining the potential impacts
of climate change to local people, infrastructure and resources and addressing such
questions as:

= Which people, infrastructure and resources are exposed to different climate change
impacts?

= Where are they located?
= How and to what extent are they sensitive to the impacts?

To answer these questions, we need to consider biophysical factors affecting exposure of
local communities to climate change, both external and internal, as well as socio-
economic factors affecting the sensitivity of local communities to the impacts to which
they may be exposed. By considering all of these factors together, the study is aiming to
provide an ‘integrated’ approach to vulnerability assessment (see Table 1.2).
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Table 1.2: Vulnerability of local communities to climate change impacts:
examples of factors considered in an integrated assessment

Local Household income Topography
Age Land use and cover
Access to information Environmental conditions
Regional/national/global | Institutional capacity Average temperature &
(e.g. financial) rainfall Extreme temperature
Population & rainfall
distribution/growth Sea level rise
Economic conditions Storms
Wildfire
Source: After Fiissel (2007)
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2. PROFILE OF THE WESTERN PORT REGION

Chapter Summary

e The Western Port region has a coastal climate with relatively mild
temperatures and high rainfall compared to other parts of Victoria.

¢ Nevertheless, temperatures in the Western Port region are projected to
increase by up to 1°C by 2030 and 3.5°C by 2070, while average rainfall is
projected to decline by up to 8% in 2030 and 23% in 2070.

o Sea levels in the region have been rising at approximately 1 mm/year
since the early 1990s, and various studies suggest global sea-level rise
by the end of the 21% century of 17 to 140 cm.

e The Western Port 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.

e 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.

21. The Western Port Region

The geographic focus of this report, and of the project more generally, is
the Western Port region of Victoria.

The region covers the local government areas of Bass Coast, Casey, Cardinia, Frankston
and Mornington Peninsula Shire. It includes Western Port Bay, as well as the south
eastern section of Port Phillip Bay from Seaford and Frankston through to Point Nepean
(see Figure 2.4).

There are a number of features of the Western Port region that make it well suited to a
study of the impacts of climate change on human settlements:

= it has a large and growing population, containing one of Melbourne’s major urban
growth corridors as well as coastal settlements and rural settlements;

= itis a demographically diverse region with considerable differences in population age
and structure from locality to locality;

» anumber of key implications of climate change are pertinent to the region including
coastal and inland flooding, bushfires and drought; and

= preliminary work on climate change impacts and community responses has already
has been undertaken in the region through a scoping study completed in 2005-06 for
the WPGA.’

3 For details see http://www.wpga.org.au/
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Source: Map courtesy of Melbourne Water, Landsat 2001 - Copyright: Commonwealth of
Australia 2001

2.2. The Regional Climate

The Western Port region has a mild coastal temperature climate,
characterised by moderate temperatures in both summer and winter, with
relatively few instances of frost or extreme heat. For example, average January
maximum temperatures at Mornington and Wonthaggi average 25°C and 24°C,
respectively. Meanwhile, average July maximum temperatures are 13°C and 14°C,
respectively.

Rainfall in the region has historically been relatively high by Australian standards,
ranging from 736 to 936 mm/year between Mornington and Wonthaggi. The majority of
rainfall occurs in the winter, with rainfall totals in July, for example, averaging twice
those for January. The difference in rainfall between wet and dry years can be
substantial. For instance, Mornington experienced its highest annual total rainfall of
1,164 mm in 1870 compared with its lowest of just 434 mm in 2002. On a daily basis,
Mornington’s record wet day occurred on 28 March 1902 with 166 mm, while
Wonthaggi recorded 117.5 mm on 3 February, 2005 (Table 2.3).
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2.2.1. Drivers of variability and extreme events

Despite its relatively mild climate, the Western Port region does experience
a variety of climate extremes including heat waves, extreme rainfall and
storm surge events (Table 2.3).

Table 2.3: Extreme temperature statistics for Western Port

Variable Cranbourne Mornington Wonthaggi

Cold Weather Extremes

Average #

Days<0°C 0.5 0.4 1.5

Coldest Day -2.5°C -1.2°C -2.2°C

on Record (13 September, 1996) (4 July, 1963) (1 July, 1971)
Warm Weather Extremes

Average #

Days>30°C 23.2 19.8 17.9

Average #

Days>35°C 5.9 3.5 4.1

Average

#Days>40°C 0.4 0.2 0.3

\[’)V:rrgﬁﬂ 43.6°C 41.6°C 43°C

Regord (25 January, 2003) (21 January, 1973) (24 January, 1982)

Source: Bureau of Meteorology (http://www.bom.gov.au/climate/averages)

The underlying causes of extreme temperature and rainfall events in the Western Port
region are varied and depend upon the variable and time-scale under consideration.
Temperature extremes are often associated with advection of warm and/or cold air from
the continental interior. For example, extreme heat events during summer in southern
Victoria are often caused by the advection of warm air masses from the north, hence the
common association of extreme heat days and high fire risk with northerly winds. This
input of warm dry air into the region exacerbates the direct radiative warming from the
sun.

During winter, the movement of cold air masses from the interior can also contribute to
cold events and frosts. Due to their large heat capacity, oceans tend to make winter
temperatures milder, but changing wind directions that bring air out of the north rather
than off Bass Strait can reduce regional temperatures. In addition, an important factor
contributing to cold temperatures and frost is cloud cover. Under clear skies, land
surfaces radiate significant heat to space, and thus clear winter nights, when temperatures
are at a minimum, are particularly susceptible to frost events.

Extremes of rainfall are commonly associated with a different array of drivers. Over
hourly to daily time-scales, high rainfall extremes are typically associated with synoptic
weather patterns in southeast Australia. For example, Abbs et al. (2006) identified eight
synoptic weather types that collectively accounted for 80% of extreme summer rainfall
events in southeast Australia. These were characterised by a strong trough or cut off low
at the surface that acts to transport warm moist air from the tropics into the region or a
surface low accompanied by a mid-latitude trough and strong upper level jet. Such a low-
pressure system was responsible for the February, 2005 extreme rainfall event over
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southern Victoria (Box 2.2). Those synoptic weather patterns can also contribute to
temperature variability (Box 2.2) and storm surges in the Western Port region (Mclnnes
et al., 2008).

Over longer time-scales, inter-annual patterns of rainfall variability are driven by
oceanic/atmospheric phenomena such as the oscillating El Nifio/La Nifia modes of the El
Nifio Southern Oscillation (ENSO). Seasonal rainfall in eastern Australia is highly
influenced by ENSO, with below-average rainfall during El Nifio phases and above
average rainfall during La Nifia phases. Drought conditions, in particular, are highly
correlated with El Nifio events. However, rainfall patterns along the southern coast of
Victoria are less strongly influenced by ENSO than the continent’s east coast.

Box 2.2: Extreme Rainfall in Southern Victoria, 2—3 February 2005

An intense low-pressure system brought extreme rainfall to southern Victoria in
February of 2005. The event made February 2005 Victoria’'s wettest February since
1973 and the 7" wettest in the last 106 years. The cold air associated with this system
also assisted in the month of February in Victoria being its coolest since 1954. Many
rainfall and temperature records were broken, including the daily rainfall record for
Wonthaggi in Western Port. In Melbourne, there was a combined total rainfall of
138mm for the event, the majority of which fell on the 2" with the remainder occurring
the following day. To put this rainfall event in perspective, the 138 mm of rain recorded
in Melbourne represents 21% of the average yearly rainfall of 653 mm.

Source: http://www.bom.gov.au/announcements/sevwx/vic/2005feb/index.shtml

Rainfall also varies over decadal time-scales. Such decadal variability often manifests as
a prolonged shift in the seasonal rainfall patterns. The most significant decadal mode of
variability is linked to ocean-atmospheric phenomena such as the Interdecadal Pacific
Oscillation (IPO; Power et al., 1999). The IPO influences ENSO behaviour and,
subsequently seasonal rainfall. In addition, drought and flood-dominated periods lasting
several decades or more have been observed in Australia (Warner, 1987, Vivés and
Jones, 2005). Statistically significant shifts from drought to flood-dominated periods
have been detected in Australian rainfall records in Eastern Australia in 1946—8 and 1972
and from flood to drought-dominated periods in eastern Australia in 1895 (Vivés and
Jones 2005; Li et al. 2005). Such patterns of climate variability should be taken into
consideration when attempting to understand baseline climate conditions in Western Port
as well as future implications of climate change.

2.3. Climate Change and the Western Port Region

2.3.1. Global climate change

Over the past few centuries, the rate at which human beings have altered
the Earth system and the various ecosystems and landscapes of which it is
comprised has grown exponentially.

Species extinctions, deforestation, urbanisation and other changes to the landscape, along
with the release of toxic substances to sea, land and air have all been associated with
rapid increases in the global population and economic activity (Steffen et al., 2004).
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Within the past several decades, it has become clear that the progressive growth of the
human influence on the planet is now affecting the climate system itself.

The source of this climatic change lies in the historical dependence of human beings
upon fossil fuels as the primary source of the energy driving global commerce and
mobility. To date, human consumption of fossil fuels has grown in step with the global
population and economy, and the unintentional side-effect of their combustion has been a
significant change in the composition of the Earth’s atmosphere. The atmosphere has
multiple components, several of which are naturally-occurring gases referred to as
‘greenhouse gases,” due to their ability to trap heat. The primary greenhouse gas is water
vapour, but others such as carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N,0), are also important. Energy from the sun passes through the atmosphere and
warms the surface of the planet (Figure 2.5). While most of this heat is simply radiated
back into space, some is trapped by greenhouse gases. This has a warming effect on the
atmosphere and ultimately keeps the planet at an average annual temperature of
approximately 15°C. Without this process, the global average surface temperature would
be closer to -18°C.

Figure 2.5: The Greenhouse Effect

b A g Some solar Some of the infrared radiation passes through
- = radiation is the atmosphere, and some is absorbed and
- . p reflected by re-emitted in all directions by greenhouse
A & the earth and gas molecules. The effect of this is to warm
Fy< the atmosphere the earth's surface and the lower atmosphere.
Solar
racliation
passes through
the clear
atmosphere

Most radiation is absorbed Infrared radiation

by the earth's surface is emitted from the
and warms it earth's surface

Source: State of Victoria (2004)

Centuries of human combustion of fossil fuels, along with land-clearing, have increased
the flow of greenhouse gases to the atmosphere, increasing their concentration and
subsequently magnifying the natural greenhouse effect. Carbon dioxide levels have
increased by approximately 36% relative to their concentrations prior to the industrial
revolution. At the end of 2007, the average atmospheric CO, concentration was 383
parts per million (ppm; NOAA, 2007) — higher than at any point over at least the past
650,000 years (Siegenthaler et al., 2005). Meanwhile, other greenhouse gases such as
N,O and CH4 have increased by 17% and 151%, respectively (Spahni et al., 2005).

Final Report Page 15



Impacts of Climate Change in the Western Port Region

The net effect of these changes to the atmosphere has been a warming of the planet.
Since the mid-19™ century, the average temperature at the Earth’s surface has increased
by approximately 0.7°C (IPCC, 2007a - Figure 2.6), and according to the
Intergovernmental Panel on Climate Change, this warming is “very likely due to the
combined influences of greenhouse gas increases and stratospheric ozone depletion
(IPCC, 2007a).” Such warming has also contributed to an acceleration of global sea-level
rise, which currently stands at approximately 0.3 mm/year (IPCC, 2007a).

Figure 2.6: Observed global trends in average surface air temperatures (a)
and sea level (b) since 1850
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The long-term trend of increasing average temperatures has been accompanied by
changes in extreme temperature events, including a reduction in cold days and frosts and
an increase in hot days, nights and heatwaves (IPCC, 2007). However, changes in the
global climate extend beyond simple increases in temperatures. Global warming has been
accompanied by changes in precipitation and evaporation, strengthening of mid-latitude
winds, more intense droughts as well as increased heavy rainfall events. Most recently,
there has been some evidence for an increase in tropical cyclone activity in the North
Atlantic since 1970.

Additional warming is projected over the 21* century and beyond in response to
continued emissions of greenhouse gases. The IPCC (2007a) has estimated a “likely”
range of 21% century increase in average global temperature of 1.1°C to 6.4°C. Over the
next twenty years, such warming is expected to proceed at a rate of approximately 0.2°C
per decade. Similarly, sea levels are also projected to increase in the future due to a
combination of thermal expansion and melting of ice sheets (Table 2.4).
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Table 2.4: Recent estimates of global sea-level rise (SLR) by the end of the
21° century

Study
Modelling Studies

IPCC (2001)

IPCC (2007a,b)

IPCC (2007b; with
dynamical ice sheet
discharge)

SLR

9-88 cm

18-59 cm

18-76 cm

Empirical/Observational Approaches

Rahmstorf (2006)

Church and White (2006)

Hybrid Approaches

IPCC (2007b); Meier et al
(2007)

Paleoclimatic Analogy

Hansen et al. (2006)

50-140 cm

28-34 cm

23-140 cm

Up to 60 cm

per decade

(600 cm per
century)
post-2100

Notes

Accounts for thermal expansion,
glacier and ice sheet mass balance and
dynamical processes.

Accounts for thermal expansion only —
no accounting for dynamical ice sheet
discharge.

Same as above but with 0 to 17cm
added to account for dynamical ice
sheet discharge (from IPCC, 2007).

Assumes rates of sea-level rise are
proportional to changes in global mean
temperature. Extrapolates future SLR
from IPCC scenarios for future
temperature changes.

Extrapolated from recent trends in sea-
level rise acceleration. Range is
consistent with median estimates from
IPCC (2001) and (2007).

Combines IPCC (2007) estimates of
thermal expansion for 2090 to 2099
with projections of ice sheet and
glacier contributions by 2100 from
Meier et al. (2007) that include
acceleration from dynamical instability
based upon observed trends.

Paleoclimatic evidence indicates that
sea-levels were 25 metres higher when
global temperatures were 2 to 3°C
warmer. Further, dynamical ice sheet
processes can lead to rapid
disintegration of ice sheets and rapid
rates of sea-level rise. The timing of
these processes is speculative, but
such rapid rates are probably not
relevant over this century.

Although there is significant uncertainty regarding the rate and magnitude of future sea-
level rise, due in large part to uncertainties regarding the dynamics of ice sheets in a
warming climate, a rise of one metre by the end of the century is well within the

uncertainty range.
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2.3.2. Regional trends in temperature, rainfall and sea-level rise

The changes in the climate system that have been observed at the global
level have manifested in Australia and are readily observed at the scale of
the Western Port region (CSIRO and BOM, 2007).

An examination of long-term temperature anomalies for Victoria (Figure 2.7) shows a
trend toward increasing temperatures similar to that observed at the global scale. The
spatial distribution of this trend varies throughout the State, with temperatures in Western
Port rising on average by approximately 0.05°C to 0.15°C per decade since 1970.
Warming has been greater in the LGAs forming the eastern border of Port Phillip Bay
and the Mornington Peninsula.

Figure 2.7: Trends in average annual temperature and rainfall in Victoria
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A) Average annual Victorian temperature anomalies over the 20" century relative to average
temperatures for a baseline period (1961-1990). Blue columns represent years of below average
temperatures while red columns represent above average temperatures. B) Spatial pattern of
Victorian warming trends since 1970. C) Average annual Victorian rainfall anomalies over the
20" century relative to average rainfall for a baseline period (1961-1990).Blue columns represent
above average rainfall while red columns indicate below average rainfall. D) Spatial pattern of
rainfall trends since 1970.

Source: Bureau of Meteorology

Whereas temperatures in Victoria have been trending upward throughout most of the past
century, rainfall has been more dynamic (Figure 2.7). The first half of the 20" century
was relatively dry, with annual rainfall often below the 1961-1990 baseline. This was
followed by decades of wetter conditions, with generally above average rainfall from
approximately 1950 to 1990. Since the early 1990s, however, the trend in rainfall has
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been steeply downward. Spatially the Western Port region of Victoria has experienced a
larger decline in rainfall since 1970 than other areas, on the order of 50 mm per decade,
with slightly lower rate of decrease at the southern end of the Mornington Peninsula.

Sea levels in the Western Port region are also on the rise. Sea levels along the Victoria
coastline are directly impacted by global changes. For example, global sea level
increased from 1936 to 2001 at a rate of 1.84 mm/year and that rate is accelerating with
each passing year at approximately 0.017 mm/year (Church and White, 2006). Locally,
sea level changes may vary significantly from the global mean, particularly over
relatively short time-scales, due to the effects of tidal variations, changes in mean sea
level pressure and ENSO. However, observations from Victoria since the early 1990s
reflect trends similar but slightly lower than the global average (Table 2.5), though these
trends are based upon a much shorter time sequence. This is particularly the case for the
Stony Point tide gauge, which is located within the Western Port region.

Table 2.5: Sea-level trends along the Victorian coastline

Location (Installation Date)® Annual Rate of Sea-Level Rise
(mml/year)
Lorne (1993) 1.5
Stony Point (1993) 0.9
Burnie (1992) 1.8
% Installation date refers to the year in which the tide gauge was installed at the
location.
Source: National Tidal Centre (2007)

2.3.3. Future climate changes in Western Port: key findings from the
biophysical projections reports

Significant changes in the climate of the Western Port region are projected
over the next 25 years, with even larger changes likely in subsequent
decades (Table 2.6).

These changes include long-term increases in average annual temperature and changes in
average seasonal and annual rainfall (Table 2.6; Macadam et al., 2008). Although such
increases in average conditions will have implications for housing and infrastructure in
the Western Port region, changes in extreme events are likely to pose a greater adaptation
challenge (Abbs et al., 2008; Macadam et al. 2008; Mclnnes et al., 2008).
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Table 2.6: Summary of climate projections for the Western Port region

2030 2070
Climate Variable

Low® | High® | Low® | High?®
Average daily temperatures (°C) +0.5 +1.1 +0.9 +3.5
Average annual rainfall totals (%) -8.0 0.0 -23.0 | +0.0
Average relative humidity (%) -1.0 -0.1 1.7 -0.2
Average solar radiation (%) 0.2 +1.7 +0.3 +5.3
Average daily wind-speeds (%) -1.0 +3.0 -5.0 | +10.0
Sea-level rise (cm) +6 +17 +15 +49

#Low and high represent minimum and maximum seasonal changes from two different climate models
and a range of assumptions about future greenhouse gas emissions and climate sensitivity.

Source: Macadam et al. (2008) and Mclnnes et al. (2008)

For example, projections of the annual average number of hot days (e.g., days with
maximum temperatures above 30, 35 or 40°C) and hot spells are projected to increase in
Melbourne. Such higher temperatures in conjunction with changes in rainfall patterns are
also projected to increase the risk of weather conditions conducive to bushfire (Macadam
et al., 2008).

The projected changes in extreme climate conditions extend to extreme rainfall. Extreme
rainfall events of relatively short duration are projected to increase throughout the
Western Port region by 2030, yet events of longer duration either decrease or increase
depending on location (Abbs et al.,, 2008). Changes in extreme rainfall by 2030 are
generally within +£50%. By 2070, extreme rainfall events increase regardless of the time
duration under consideration, particularly in the Mornington Peninsula Shire, Phillip
Island, and the coast to the east of Western Port Bay. These increases are quite
substantial, particularly for short duration (i.e., 2 hour) events, which increase in the
Mornington Peninsula Shire by over 50%.

Meanwhile, increases in sea level will invariably increase storm surge levels in the
Western Port region. Even after accounting for changes in synoptic weather and wind
patterns, such changes in sea level are the dominant factor driving future storm surges.
Based upon projections of future increases in global sea levels by the IPCC, storm surge
heights increase by up to 17 cm by 2030 and 49 cm by 2070 (Table 2.6). Such increases
may have the greatest implications in the east of Western Port Bay, where storm surge
heights tend to be higher due to the effect of the build-up of water as a result of
westerlies. However, the sandy beaches and tidal wetlands throughout the region are
susceptible to temporary or permanent inundation and, particularly, erosion.
Nevertheless, the implications of storm surge for regional settlements are ultimately
dictated by the geomorphology of the coastline that is exposed to storm surge events as
well as the type and density of development, infrastructure and assets that lie in harm’s
way.
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2.4. The Region’s People

2.4.1. Population distribution, age and growth

The Western Port region contains a large and vibrant community,
comprising over over 550,000 residents in 2006.

The region’s population is growing rapidly, the number of permanent residents having
increased by more than 180,000 between 1991 and 2006. Over that period, regional
population growth was three times the annual growth rate of the Melbourne metropolitan
region and four times that of Victoria. All municipalities in Western Port experienced
population growth greater than the Victorian average. In the coastal communities of Bass
Coast, Frankston and Mornington Peninsula Shire, the ‘sea change’ effect has helped fuel
population growth, especially of retirees. But growth has been particularly rapid in the
southeast metropolitan growth corridor through Casey and around Pakenham in Cardinia.
In Casey, the population grew by more than 90% between 1991 and 2006. Casey’s
annual population growth rate over the period, at 4.4%, made it one of the fastest
growing municipalities in Australia (Figure 2.8, Table 2.7). Population growth is
expected to continue apace, with the region’s population projected to grow by a further
240,000 in the 25 years from 2006, reaching almost 800,000 people by 2031. This
represents growth of 45%, nearly double the projected growth rate for Victoria. The
majority of population growth is expected to occur in the corridor through Cardinia
(81,000 - 142% growth) and Casey (86,000 - 40% growth), although significant growth is
also projected for coastal localities in Bass Coast (19,000 — 71% growth) and Mornington
Peninsula Shire (43,000 — 31% growth) (Figure 2.8).

Figure 2.8: Population growth in the Western Port region by LGA,
1991-2031
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Sources: ABS (2007); Department of Planning and Community Development (2007)
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Table 2.7: Social characteristics of the Western Port region, 2006*

Feature Unit Bass Coast Cardinia Casey| Frankston M;;Ti:gstjz Weste;r;gizr: Melbougl; Victoria
Population (usual place of residence) |no. 26,548 57,115 214,960 117,801 136,482 552,906 3,592,591 4,932,422
Population density persons/km2 31 45 524 906 189 162 467 22
Median Age no. 46 35 32 36 42 36 36 37
Aged 0 - 4 years % 5 8 8 6 6 7 6 6
Aged 5 - 14 years % 12 17 17 14 13 15 13 13
Aged 15 - 24 years % 9 13 14 13 12 13 14 14
Aged 25 - 54 years % 35 42 45 42 37 42 44 43
Aged 55 - 64 years % 15 10 9 11 13 11 10 11
Aged 65 years and over % 23 10 8 13 20 13 13 14
Population (1991) no. 19,190 37,320 112,095 99,350 103,451 371,406 3,155,576 4,420,373
Population growth (1991-2006) % 38 53 92 19 32 49 14 12
Population growth rate (1991-2006)  |% (av. annual) 2.2 29 44 1.1 1.9 2.7 0.9 0.7
Number of dwellings (total) no. 21,479 21,027 74,928 48,949 77,852 244,235 1,471,155 2,085,113
Dwellings unoccupied (census night) |% 48 6 5 7 32 18 8 10
Building approvals (2006-07) no. 580 1,028 2,395 1,018 1,366 6,387 27,280 37,919
Median weekly household income $ 636 1,078 1,097 956 914 989 1,079 1,022
Unemployment rate % 6.1 4.2 5.3 6.0 4.7 5.2 5.3 5.4
Population on income support % 30.6 14.9 16.1 23.1 23.9 20.1 21.2 22.6
Occupied dwellings fully owned % 44.3 28.4 235 27.8 38.0 29.9 33.1 34.7
Occupied dwellings rented % 20.8 17.2 17.5 23.8 18.3 19.3 24.5 23.9
Average household wealth (2001) $'000 202 346 385 300 306 331 419 360
Lone person households % 31.4 18.0 16.0 25.9 25.9 21.9 22.6 23.3
Access to support from
family/friends/neighbours** % 94.6 94.1 92.8 93.8 94.4 92.4
Access to funds ($2000) in an
emergency** % 75.0 75.1 68.1 74.4 77.2 68.9
Population over 15 obtaining year 12
or equivalent % 29.1 33.8 39.9 35.7 36.7 37.0 48.5 44.0
Households with internet access % 46 33 31 37 37 35 41 40
Sources: ABS (2007); Department for Victorian Communities (2007)
* Data is for 2006 unless otherwise stated. ** Based on limited survey sample.
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A breakdown of the Western Port region’s current population by age grouping reveals a
similar age profile to Victoria’s population as a whole. However, the regional profile
hides significant intraregional differences, with the rapidly growing urban fringe areas of
Cardinia and Casey having proportionally high numbers of children (0—4 and 5-14 years
of age). Conversely, coastal communities in Bass Coast and Mornington Peninsula have a
relatively high proportion of elderly citizens (65 years and over) compared to other parts
of the region and to Melbourne and Victoria as a whole (Table 2.7).

A rapidly growing population presents significant challenges for the provision of
infrastructure and services. For example, in 20062007 the number of housing approvals
in the region totalled more than 6,400, 17% of all new housing approvals in Victoria
(Table 2.7). The new housing comes with a commensurate level of demand for utility
services — electricity, gas, water and telecommunications — as well as transport
infrastructure and services. In the urban fringe areas of Casey and Cardinia, where young
families comprise a significant proportion of the growing population, there are also
increasing demands being placed on children’s services — child care, education and
maternal health. In the coastal communities of Frankston, Mornington Peninsula Shire
and Bass Coast, the strong growth in the number of retirees creates demand for an
additional range of services.

Population growth also contributes to significant environmental stresses. These include
development pressures on sensitive ecosystems (especially wetlands and coastal
ecosystems), resource consumption and the management of solid and water-borne wastes.
These stresses present major planning challenges, especially in coastal areas.

Another feature of the region’s population, not evident in official population figures, is
its large part-time population (e.g. holiday home owners). This is evident in Bass Coast
and Mornington Peninsula, with 48% and 32% of dwellings in the two shires respectively
being unoccupied when official population data was collected in 2006 (Table 2.7). As
well, the region experiences a substantial influx of visitors on an ongoing basis but
especially in the summer months. Visitors include day trippers, overnight visitors and
holiday-makers on extended stays. Phillip Island alone receives some 700,000 overnight
visitors each year, each staying for an average of three nights and approximately one
million day trippers (Tourism Victoria, 2006a). The Mornington Peninsula receives one
million overnight visitors and more than three million day trippers each year (Tourism
Victoria, 2006b). Tourists and part-time residents provide a substantial contribution to
the region’s economy, especially in Bass Coast and Mornington Peninsula Shire (see
section 2.5), but also add to the infrastructure and environmental pressures discussed
previously. They also impose particular challenges in the context of climate change
impacts in coastal areas, a point discussed further in Chapter 3.

2.4.2. Income, income distribution and other social characteristics

Incomes and wealth also vary considerably across Western Port — a
characteristic that contributes to significant variability in the economic
vulnerability of different areas to the effects of climate change.

In 2006, median household weekly income levels in the growth areas of Casey and
Cardinia ($1,078 and $1,097, respectively) were similar to the Melbourne and Victorian
medians ($1,079 and $1,022) but very low in Bass Coast ($636) and moderately low in
Frankston and Mornington Peninsula Shire ($956 and $914, respectively). The low
median income in Bass Coast reflects in part the high proportion of people there on
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income support, including those on pensions and unemployment benefits. Frankston also
has a high proportion of people on income support. Similarly, average household wealth
in Bass Coast was only $202,000 in 2001, substantially below the Victorian average of
$360,000. Wealth levels in Frankston and Mornington Peninsula Shire were also well
below the state average. Only in Casey ($385,000) was the level of wealth above the
Victorian average.

Unemployment in the Western Port region was lower than the Victorian average in 2006
— being particularly low in Cardinia — but higher than the State average in Bass Coast and
Frankston. Another social characteristic worthy of note is level of educational attainment.
The proportion of people who have obtained year 12 or equivalent or who have post
school qualifications is lower than the state average in all municipalities in the region.
Internet access and usage is also lower than the state average in all municipalities.

Overall therefore, the profile of the Bass Coast community is one of an older community
who have relatively low incomes and wealth but also low levels of debt and good access
to support groups and information. Mornington Peninsula Shire presents a similar, albeit
less marked picture. On the other hand, Casey and to a lesser extent Cardinia, have
younger populations with relatively high incomes (albeit with significant non-
discretionary expenditure requirements, e.g. for house purchase) but with only moderate
access to information and support. Frankston has an average aged community, who have
lower than average incomes and wealth and a higher than average proportion of people
on income support.

It is important to note that the general characteristics described above are not uniform
throughout each municipality. Localised data (e.g. census collection district level)
indicates that all municipalities have areas of high income and wealth and other areas of
social disadvantage.

2.5. The Regional Economy

2.5.1. Overview

There were more than 55,000 private businesses registered in the Western
Port region in 2004 (ABS 2004).

The overwhelming majority of these were small businesses. Approximately one third of
businesses had a turnover of less than $50,000 per annum in 2004* and two thirds had a
turnover of less than $100,000 per annum’. Property and business services and
construction comprised more than 40% of all businesses in Western Port. The
prominence of these types of businesses reflects the housing and construction boom in
many parts of the region.

Recent economic data is not available for the Western Port region. However, earlier data
estimates the total value of gross regional product (GRP) to have been about $7.5 billion
in 2001, equivalent to approximately $9 billion in 2007 dollars. It is not possible to
provide a detailed breakdown of GRP, but a breakdown of regional output shows that in
2001, the major regional industries (in terms of output value) were manufacturing,

* Approximately $55,000 in 2007 values.
> Approximately $110,000 in 2007 values.
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wholesale and retail trading, construction and finance and business services (Table 2.8).°
Education, health and community services was also a significant sector, notably in
Frankston and Mornington Peninsula Shire, while tourism and hospitality was a
significant sector in Bass Coast and Mornington Peninsula.

Table 2.8: Value of output and GRP, Western Port region 2001 ($m)

Industry Output Bass Coast Cardinia Casey| Frankston M;::iii?mgsttflz Western Port|
Agriculture, Forestry and Fishing 86.0 181.0 121.0 23.0 165.0 576.0,
Construction 152.0 162.0 558.0 408.0 718.0 1,998.0
Education, Health & Community Services 69.0 109.0 316.0 443.0 410.0 1,347.0
Energy, Water & Telecommunications 36.0 55.0 90.0 70.0 93.0 344.0
Finance, Business & Professional Services 90.0 136.0 448.0 537.0 560.0 1,771.0]
Public Administration & Safety 18.0 16.0 63.0 72.0 317.0 486.0
Manufacturing 251.0 358.0 842.0 887.0 1,131.0 3,469.0
Mining 7.0 8.0 3.0 4.0 8.0 30.0
Tourism, Hospitality & Recreation 91.0 67.0 196.0 175.0 330.0 859.0,
Transport and Storage 29.0 75.0 208.0 109.0 137.0 558.0
Wholesale & Retail Trade 138.0 265.0 978.0 707.0 747.0 2,835.0
Total Output 967.0 1,432.0 3,823.0 3,435.0 4,616.0 14,273.0
Gross Regional Product (GRP) 452.1 714.9 1,960.6 1,787.7 2,554.4 7,469.7
Avg. GRP growth rate 1991 - 2001 (%) 4.2 4.7 2.4 2.3 3.1 2.9

Source: National Economics (2005)

2.5.2. Employment

Employment in the Western Port region varies significantly from that
observed for Victoria as a whole.

For example, a breakdown of employment by industry (Table 2.9) reveals that in 2006,
49% of Western Port residents were employed in either the manufacturing (17%),
wholesale and retail trade (21%), or construction sectors (11%), significantly higher
percentages than in the same sectors across Victoria (39% in total). By contrast,
proportionally fewer Western Port residents were employed in service sectors such as
tourism and hospitality, education, health and community services, than in the same
sectors across Victoria.

The Western Port data hides significant intra-regional differences. For example, the
percentage of Casey residents employed in manufacturing is high relative to the State as a
whole, but low in Bass Coast and Mornington Peninsula Shire. By contrast, the
proportion of residents employed in tourism and hospitality is high in Bass Coast and
quite high in Mornington Peninsula Shire.

% Gross regional product measures total regional value added, which is the total value of outputs
less input values.
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Table 2.9: Employment of Western Port residents by industry, 2006 (%)

Industry Bass Coast, Cardinia Casey| Frankston M:;r:‘iir:‘gstuc:: Western Port| Victoria
Agriculture, Forestry and Fishing 7.5 4.7 0.9 0.5 1.6 1.6 29
Construction 134 12.6 9.8 10.6 12.2 11.0) 7.7
Education, Health & Community Services 19.2 15.5 13.4 17.2 19.8 16.2 18.6
Energy, Water & Telecommunications 22 2.5 2.6 2.6 2.0 2.4 3.2
Finance, Business & Professional Services 11.5 13.8 15.0 15.3 14.9 14.8 18.5
Public Administration & Safety 4.2 3.3 3.7 4.5 6.0 4.4 53
Manufacturing 71 16.0 21.0 16.9 11.9 16.9) 13.0
Mining 0.4 0.4 0.2 0.2 0.3 0.2 03
Tourism, Hospitality & Recreation 12.3 59 57 6.5 8.4 6.8 7.6
Transport and Storage 3.1 5.6 6.0 4.7 3.4 4.9 4.7
Wholesale & Retail Trade 19.1 19.6 21.7 21.0 19.6 20.7] 18.4
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: ABS (2007)

Employment data of the type presented in Table 2.9 is not necessarily a good indicator of
the nature and strength of the local economy and employment base, since many Western
Port residents work outside of the region. In other words, households in the region have a
high dependency on other regions for income and employment (especially the adjoining
LGAs of Dandenong, Kingston and Monash).” Nevertheless, regional output data
outlined in Table 2.8 confirms the importance of manufacturing, construction, wholesale
and retail trade and finance and business services to the regional economy.

The relatively high dependence of the region on construction for employment and output
is also worth noting given the tendency of the industry historically to be subject to ‘boom
and bust’ cycles. That said, population growth projections (see Figure 2.8) suggest
continued strong construction demand for the foreseeable future.

2.5.3. Regional infrastructure

In general terms, the urban areas of the Western Port region can be
characterised as being residential hubs, rather than industrial or
commercial hubs.

Thus, it is not surprising to find that most of the value of the regions’ infrastructure is tied
up in housing. It is estimated that approximately 67% of the improved value of
properties in the region are residential properties. Much of the remaining regional
infrastructure has been built to service, either directly or indirectly, the region’s 244,000
dwellings and the people who live in them.

These include:

" In 2001 for example, locally-based employment was an estimated 128,000 people (National
Economics, 2005), equivalent to less than 50% of the workforce who were residing in the region.
Local employment was particularly low in Casey, with only 34% of the municipality’s workforce
actually working there. This indicates that a substantial majority of Casey’s workforce commutes
to workplaces located outside of the municipality. In Bass Coast and Mornington Peninsula Shire,
local employment was considerably greater, being about 70% and 63%, respectively, of the
workforces of the two municipalities.
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local transport infrastructure (principally roads);
electricity and gas distribution networks,

water, wastewater and stormwater distribution networks;
telecommunication distribution networks;

schools;

medical centres;

retail centres; and

recreation reserves, parks and gardens.

Nevertheless, some infrastructure in the region can be regarded as having state or even
national significance, its economic and social influence extending beyond the Western
Port region. Infrastructure falling into this category includes:

Cardinia Reservoir, which is located in Shire of Cardinia. Operated by Melbourne
Water, the reservoir has a capacity of 287,000 mega litres (ML), approximately 16%
of the water storage capacity of Melbourne;

Eastern Treatment Plant, part of which is located in Frankston City. Also operated by
Melbourne Water, the plant treats sewage from approximately 1.5 million people in
Melbourne’s southeast and eastern suburbs;

Highways of national and state significance including:

. Princes Freeway/Highway (M1/A1) the country’s pre-eminent coastal
highway, which dissects the City of Casey and Cardinia Shire;

" South Gippsland/Bass Highway (M420/A420), which goes through the City of
Casey; and Bass Coast Shire; and

. Nepean Highway (B110), which goes through Frankston City Council and
Mornington Peninsula Shire.

Port of Hastings, located in Mornington Peninsula Shire. The Port of Hastings is a
commercial port that serves international and domestic shipping movements
including import and export of petroleum and steel. Currently about 200 vessels use
the port each year, carrying approximately five million tonnes of cargo. Piers and
wharves that make up the port include:

. BlueScope Steel Ltd ;

. Long Island Point Jetty;

- Crib Point Jetty; and

. Stony Point Jetty.

Industrial facilities located in the Port of Hastings vicinity including:
. Blue Scope Steel sheet and coil products; and

. Esso/BHP Billiton crude storage and fractionalisation plant.
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2.6. Regional Profile in the Context of Projected Climate Changes

In summary, a picture emerges of Western Port as a dynamic region, with a
rapidly growing population presenting many opportunities for the local
community, but also significant economic, social and environmental
challenges.

This regional profile provides the major platform on which to consider the impacts of
climate change.

Discussion in the following chapters is focussed on:

= examining the nature of potential biophysical impacts associated with climate
change, such as coastal inundation, inland flooding and wildfires;

= determining the populations and infrastructure that are exposed to each impact;

= understanding, either quantitatively or qualitatively, the sensitivity of communities
and infrastructure to the biophysical impacts in terms of potential social and
economic impacts; and

* in the final chapter, broadly considering the planning and policy implications of
exposures and impacts.

Physical conditions such as topography and land use will fundamentally determine
exposure of communities and infrastructure to the impacts of climate change. Social and
economic conditions, on the other hand, will often affect the sensitivity of exposed
communities to particular impacts. Planning and policy responses will need to take
account of the interaction between physical, social and economic conditions.
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3. IMPACTS ASSOCIATED WITH COASTAL
INUNDATION

Chapter Summary

e A number of coastal areas within the Western Port region are vulnerable to
the combined effects of sea-level rise, storm surge and erosion including
low-lying sandy beaches, tidal wetlands and erodible cliffs.

o With sea-level rise, a current 1 in a 100 year storm surge event is projected
to become a 1in 40 to a 1 in 6 year event by 2030 and a 1 in 20 to an annual
event by 2070.

e The number and value of properties exposed to a 1 in 100 year storm surge
event are project to increase by 4 to 5% by 2030 (relative to present) and 18
to 20% by 2070. Increased exposure of other public and private
infrastructure is also anticipated.

¢ In addition to infrastructure impacts, coastal inundation could have
significant indirect consequences for business activity, especially to the
region’s tourism industry.

o The potential degradation of the regions beaches and foreshore areas
could also have significant amenity impacts on local communities, through
adverse impacts on lifestyle and recreation and degradation of sites with
cultural significance.

3.1. Coastal Inundation in Western Port: The Issues

The coastal zone is a dominant feature of the Western Port region, and one
that poses opportunities as well as risks.

The region’s bays and beaches attract development, residents and tourists and, as a
consequence, contribute significantly to its economy. The coastal zone also contributes
substantially to the environmental, cultural and amenity values of the region. However,
the coast also represents a source of hazards to the communities of Western Port in the
form of sea-level rise, coastal storms, extreme tides and storm surges. Such processes
contribute to coastal erosion that threatens property, buildings and infrastructure and
coastal amenity. Climate change is anticipated to exacerbate these challenges in the
decades ahead. This is largely a function of the ongoing acceleration of sea-level rise
that will increase rates of erosion along susceptible stretches of coastline, inundate low-
lying areas, and interact with climate variability such as synoptic weather fronts to
enhance storm surges above current levels.

3.1.1. Storm surge, sea level rise and coastal erosion in Western Port

Inundation from sea-level rise, particularly in conjunction with extreme tide
and storm events, is arisk for a significant fraction of coastal land areas in
the Western Port region.

Church et al. (2006) have observed that the annual return interval (ARI) for extreme sea-
level events has already declined by a factor of three over the past century, and this
increasing frequency of extremes is projected to rise further in the future. Mclnnes et al
(2008), for example, estimate that at Frankston, a 1 in 100 year event under late 200
century conditions would become a 1 in 10 to 20 year event under a mid-range scenario
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for 2030 and would become a 1 in 6 year event under a high scenario. By 2070, under a
mid-range scenario, such an event would occur every 2 to 3 years and under a worst case
scenario, every 1 to 2 years. At Stony Point, a 1 in 100 year event would become a 1 in
20 to 30 year event under a mid-range scenario by 2030 and a 1 in 20 year event under a
worst case scenario. By 2070, such an event would occur every 10 years under a mid-
range scenario and every 4 years under a worst case scenario. (Figure 3.9)

Figure 3.9: Storm tide return period curves for Frankston and Stony Point
under the various climate change scenarios considered
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Such reductions in ARIs for storm surge heights will ultimately increase the frequency
and extent of coastal inundation from storm surge events. Mclnnes et al. (2008) estimate
that, at present a 1 in 100 year storm event in the Western Port region (including both
Port Phillip Bay and Western Port Bay) could inundate approximately 11.8 km® of land.
By 2030 and 2070, this is projected to increase to 13.6 km” and 19.2 km®, respectively.
Therefore, over the near-term (i.e. the next few decades) the critical issue in the
estimation of inundation appears to be the magnitude of the storm event, with sea-level
rise simply increasing the risk of inundation at the margins. By 2070 however, the effects
of sea-level rise become more pronounced, ultimately almost doubling the area at risk of
inundation during a 1 in 100 year event.

Inundation areas must also be considered in the context of coastal erosion (Stive, 2004;
Zhang et al., 2004; Cowell et al., 2006). First-order estimates of beach erosion in
response to sea-level rise have traditionally been based upon Brunn Rule-type estimates
(Port of Melbourne Authority, 1992; Jones and Hayne, 2002; Cooper and Pilkey, 2004;
Zhang et al., 2004). Though often viewed critically and subject to cautious interpretation
(Slott, 2003; Cooper and Pilkey, 2004; Cowell et al., 2006), as a general rule, such
calculations suggest that 10 metres of beach recession occurs for every 10 centimetres of
sea-level-rise. This means that seemingly small increases in sea level can have rather
dramatic consequences for coastal erosion. In addition, long-term chronic erosion of
beaches in response to sea-level rise is often punctuated by short-term acute erosion
during storm events. Erosion may progress in a step-like fashion, with gradual recession
punctuated by large recession during storms. Therefore, those land areas that currently
appear to be at risk from storm surge inundation over the 21* century may be lost due to
erosion independent of storm surge inundation. This would, in turn, drive inundation risk
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further inland — an issue that should be noted when considering the estimated impacts of
this study.

3.1.2. Physical vulnerability of the coastline

While processes such as sea-level rise and storms may drive erosion and
inundation of the coasts, the vulnerability of different coastal areas to such
climate processes is also influenced by topography and geology.

The topography of the Western Port region is quite diverse. Much of the Mornington
Peninsula and central Bass Coast shires, for example, are characterised by relatively high
elevations (Figure 3.10). In contrast, the eastern rim of Port Phillip Bay north of
Frankston as well as the northern edge of Western Port Bay and the mouth of the Bass
River are low-lying, placing them at greater risk of inundation from sea-level rise.

Figure 3.10: Spatial distribution of elevation in the Western Port region
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Source: SRTM 90 metre digital elevation model (Jarvis et al., 2004).

In addition, different types of coastal frontage may be more or less vulnerable to
inundation and erosion than others. This is illustrated generally in Table 3.10, which
addresses the range of potential impacts of sea-level rise associated with different beach
types (see also Port of Melbourne Authority, 1992; Sharples, 2004). It should be noted,
however, that vulnerability is not limited to sandy beaches. Even rocky cliffs are
subjected to erosion that can undercut cliff faces, increasing the risk of collapse and
jeopardising associated infrastructure (Walkden and Dixon, 2006; see also Box 3.3). The
relative susceptibility of different coastal typologies is a function of a diverse array of
factors and interactions including geomorphology, vegetation cover, sediment transport
and tidal ranges, not to mention disturbances or degradation caused by human activities
or development.
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Table 3.10: Vulnerability matrix for different beach typologies

Climate Change

Type of Coast Potential Impact

Effect
Loss of beach width and beach amenity.
. Potential erosion of backing dunes or land if

Sea level rise and . .
. beach totally inundated - Loss of erosion
increased waves . .

buffer for storms - Intrusion of saline water

Open Beach into freshwater sandy aquifers

More intense erosion events in generally
low energy environments, wave effects
elevated by storm surge

Increased tropical
cyclone intensity

Beach Backed Sea level rise and Loss of beach width and beach amenity.

by Hard . Potential undermining and collapse of hard
: increased waves -

Protection protection

. Potential erosion and inland migration of
, Sea level rise and . . p
Sand Barrier . barrier or barrier breaching - Loss of
increased waves -
erosion buffer for storms

Potential erosion of foredune leading to

Sea level rise and | blowouts and inland migration of

increased waves | transgressive dunes - Loss of erosion buffer
for storms

Sand Dunes

Coastal Lake . Loss of beach width - Intrusion of saline
Sea-level rise . .
Beaches water into freshwater sandy aquifers

. Reduction in size and change in shape of
Sea level rise and | . . . :
Sand Islands . island - Intrusion of saline water into
increased waves .
freshwater aquifer

Source: Voice et al. (2006)

More quantitative estimates of the vulnerability of different coastlines come from coastal
erosion studies. For example, a 1992 report by the Port of Melbourne Authority applied
a Brunn Rule-like algorithm to various locations along the Victoria coastline. Results
indicated the potential for significant coastal erosion in the Western Port region in
response to sea-level rise (Table 3.11). In particular, Somer’s Beach in Western Port Bay
was identified as one of the state’s most susceptible beaches, losing an estimated 130
metres of beach for just 50 cm of sea-level rise (the estimated upper range for sea-level
rise by 2070 that is assumed in this study). The report indicated that even at the time
(1992), Somer’s Beach was facing the need for significant infrastructure repair and
maintenance to address coastal damages. The report also found that some of the tidal
marshland around French Island also experiences high levels of recession, suggesting
these systems also may be particularly vulnerable to the effects of sea-level rise.

It should also be noted that the storm systems that contribute to storm surges are often
associated with other climate-related impacts including extreme rainfall and winds that
have the potential to cause damages independent of storm surge events. These issues are
addressed in more detail in Chapter 4 (Box 4.3).
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Box 3.3: Coastal erosion at Oliver’s Hill

Since the 1930s, residents have held fears for homes built on coastal cliffs and hills to
the south of Frankston, in particular Oliver’s Hill. Three houses on Oliver’s Hill subsided
in 1935, and the Nepean Highway had to be closed. An article in The Frankston and
Somerville Standard entitled ‘Foreshore Erosion’ reported on the visit of a panel of
experts who viewed the brushwood fences installed by the Foreshore Committee as a
means of hindering erosion. While these were regarded as effective, the panel also
inspected Long Island, “where thousands of tons of sand had been built up, the whole of
the works had been wiped out in a phenomenal storm which had lashed the beaches last

year.”

While a proposed sea wall around the entire bay was discussed with neighbouring
councils it never eventuated. In 1949, a sea wall was constructed at the foot of Oliver’s
Hill. The State government set aside 2 million pounds for erosion work in the 1950s
Graeme Butler & Associates, 1997). However, erosion of Oliver's Hill has continued to
be a problem to this day, both for housing and the Nepean Highway

Table 3.11: Projections of coastal recession in the Western Port region

Coastal Total Recession (m)
Location
Morphology 0.3 m sea-level rise | 0.5 m sea-level rise
Port Phillip Bay
Fisherman’s Beach Sandy Beach 13 21
Rye Beach Sandy Beach 3.5 5.5
Shelly Beach Sandy Beach 4.5 9.5
Western Port Bay

Waraneet Tidal Marshland 40 60
Tooradin Tidal Marshland 15 25
F h lsl West

rench Island (West | 4 4al Marshland 150 250
Coast)
F h Island (Tortoi

rench Island (Tortoise | .| Marshland 80 130
Head)
F h Island (North

rench Island (No Tidal Marshland 80 130
Coast)
Somer’s Beach Sandy Beach 78 130

Source: Port of Melbourne Authority (1992)

¥ The Frankston and Somerville Standard, Friday 22 November 1935.
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3.1.3. Economic and social vulnerability

The other aspect of coastal vulnerability to climate change is the social and economic
assets that may be in harms way, including both infrastructure such as houses, life-saving
clubs, roads, water and sewer pipes, and the communities who live in the affected area
and utilise its infrastructure. The economic and social vulnerability of coastal areas is
thus dependent upon the number and density of coastal developments, their proximity to
hazards, their value and the effectiveness of existing and future policies and measures for
managing the risks posed by sea-level rise and storm surge. From an anthropocentric
perspective, areas with a greater accumulation of buildings and infrastructure in close
proximity to the coastline are more sensitive to future sea-level rise, storm events, coastal
inundation and erosion while more sparsely developed coastlines or those where
development is set back from the coastline have fewer people and assets in ‘harm’s way’.

3.2. Exposure

3.2.1. Methods for exposure assessment

The storm surge projections and associated estimates of land areas
susceptible to inundation presented within the biophysical report were
utilised to determine the land areas, infrastructure and assets that will
potentially be exposed to these hazards in future decades.

Inundation areas identified through storm surge simulations were imported into a
geographic information system (ARCGIS 9.2) as 100 m gridded data layers.” Data were
subsequently converted to a vector polygon format. These polygon layers were then used
to interrogate a range of geographic data sets including data from the ABS 2006 census,
as well as multiple data sets provided by local governments regarding property, land use
and the location of transport, water and sewer and recreational infrastructure. Land areas,
census collection districts and assets intersecting storm surge inundation areas were
treated as potentially exposed, and associated populations, infrastructure and assets were
subsequently quantified. While quantification of some consequences are provided for lin
100 year storm events for the current climate as well as 2030 and 2070, in some
instances, the relatively small magnitude of sea-level rise projected for 2030 results in
few appreciable differences between the present and 2030. As such, for some analyses,
only the 2070 1 in 100 year scenario is utilised."

A number of uncertainties associated with this methodology merit mention. First and
foremost, the analysis was based upon the integration of multiple data sets which were
developed in different ways. For example, storm surge inundation areas were based upon
model simulations incorporating different gridded land elevation and coastal bathymetry
data of varying resolutions (see also Box 3.5). Meanwhile, census collection districts
(CCDs) as well as Council data were obtained as vector polygon data derived from local
census surveys. Errors in the alignment of different data sources necessitates that results
be interpreted with some caution. Furthermore, if any overlap between an inundation

°Geographic Coordinate System: GCS_GDA_1994, Datum: D_GDA_1994. Projected Coordinate System:
GDA 1994 MGA_ Zone 55, Projection: Transverse Mercator.

"For information on storm surge heights and potential inundation at the LGA scale for a range of storm
surge annual return intervals, refer to Mclnnes et al. (2008).
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area and a census district, property or road segment existed, the entire CCD, property or
segment was counted as exposed. This invariably results in an overestimate of the
exposure of the population and assets. Hence, quantitative results should be treated as
estimates designed to communicate the approximate scale of consequences and how the
trajectory of consequences changes over time.

Box 3.4: Key uncertainties associated with sea-level rise/storm surge
impact assessment

1) Uncertainty in the digital elevation model utilised in the assessment of storm
surge inundation areas is a major limiting factor influencing the quality of
inundation estimates. While a 90 metre spatial resolution is relatively high
compared to a range of other digital elevation models (DEMs) in use within
Australia and elsewhere, it is still problematic for rigorously representing small-
scale elevation gradients such as those associated with foreshore topography
(see Box 3.3 for a more extensive discussion).

2) As indicated in the Intergovernmental Panel on Climate Change’s Assessment
Report Four (AR4 - IPCC, 2007b), projections of sea-level rise in coming
decades remain highly uncertain. This report relies upon relatively high sea-level
rise estimates for 2030 and 2070 based upon estimates provided by the IPCC.
However, the IPCC also cautions that sea-level rise significantly higher than
indicated within the AR4 is possible, as reflected in other studies (see Table 2.4).

3) In its assessment of inundation exposure, this report also assumes that the
shorelines of Port Phillip Bay and Western Port Bay will remain static in future
decades. However, it is noted that coastal erosion and other dynamic processes
will affect the geomorphology of the coastline over time. Therefore, it is possible
that by 2030 or 2070, significant coastal erosion will have caused inland
recession of beaches and wetlands, allowing storm surge inundation to reach
even further inland than suggested by the current analysis. On the other hand,
depending on local processes such as sediment transport, other areas of the
coast may actually accrete.

4) Climate change will manifest over future decades in conjunction with socio-
economic changes, such as development, that will also influence vulnerability
and risk. Patterns of development can be controlled, at least to some extent.
For example, current Victorian planning policy (such as Melbourne 2030),
provides a framework around which development is managed in the future.
However, uncertainties arise from the interpretation and implementation of the
framework at small scales, or from the potential for changes to that framework.

3.2.2. Exposed coastal areas

Storm surge and inundation projections provide an estimate of the
magnitude of land at risk from inundation in the Western Port Region.

Storm surge simulations for the region indicate that there is already a significant risk of
inundation at present for some locations (Table 3.12). Although at-risk areas are not
evenly distributed throughout the region, at the LGA level the total area of potential
inundation is relatively similar among different LGAs, in the order of 2—3 km?. The one
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exception is Frankston, which is associated with quite low levels of inundation, despite
the identification of relatively low-lying coastal areas in the Council’s northwest (see Box
3.5).

Table 3.12: Inundation estimates for the Western Port region in 2030 and
2070 for a1 in a 100 ARI storm surge event

2030 (km?) 2070 (km?)

LGA (Subregion) Present

Low High Low High
Bass Coast (ML) 2.0 2.2 25 25 4.5
Bass Coast (PI) 1.9 2.0 2.2 2.2 2.8
Cardinia 21 21 24 24 3.4
Casey 27 2.7 29 29 3.7
Frankston 0.1 0.1 0.1 0.1 0.1
Mornington Peninsula (WP) 2.3 2.3 2.6 2.6 3.3
Mornington Peninsula (PP) 0.8 0.9 1.0 1.0 1.5
Total 11.8 12.3 13.6 13.7 19.2
(% change relative to present) (+4%) (+15%) (+16%) (+63%)

ML=Mainland; PI = Phillip Island; WP = Western Port Bay shoreline; PP = Port Phillip Bay shoreline
“Low” and “High” estimates based upon a range of scenarios about wind speed and sea-level changes.
Source: Mclnnes et al. (2007)

As consistent with prior studies (e.g., Port of Melbourne Authority, 1992), inundation is
most pronounced along the Western Port Bay coastline, partly because of the much larger
storm surges and the considerable low-lying wetland areas along the northern and eastern
edges of the bay (Table 3.11). The greatest point of inland penetration of storm surge
water is projected around the low-lying areas in the Bass Coast Shire, including the
mouth of the Bass River. Other key points of inundation occur at Hastings in
Mornington Peninsula Shire and along the southern extent of Casey City and Cardinia
Shire councils. Additional detail regarding inundation areas for individual Councils is
provided below in the discussion of policy and planning considerations.

Final Report Page 36




Impacts of Climate Change in the Western Port Region

Box 3.5. Data Uncertainty and Estimates of Storm Surge Inundation

Inundation of land areas in response to sea-level rise and/or storm surge events is dependent upon the
topography of the landscape in the coastal zone. For example, low-lying sandy beaches with shallow
slopes may experience relatively rapid inundation as sea-level rises. In contrast, steep coastal slopes
(such as cliffs) may be gradually eroded and undercut over long time-scales, but are unlikely to
experience inundation over shorter time-scales. The acquisition of accurate spatial information on
topography and elevation historically has been a significant challenge in coastal assessments.
Uncertainties in coastal elevation data can have a significant influence on estimates of risk that are based
on simple comparison of sea-level and storm surge heights and elevations of adjacent land areas or more
complex modelling.

To illustrate the importance of elevation data inaccuracies on estimates of risk, it is useful to compare
land elevations in the Western Port region as represented by two different digital elevation models
(DEMSs) with different spatial resolutions (90 m and 1 km) (Figure 3.11).

Figure 3.11. Comparison of elevations in coastal areas of the Western Port region based
upon digital elevation models (DEMs) of different resolutions
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Areas that are particularly low-lying along the Frankston and Mornington Peninsula Shire coasts of Port Phillip Bay are
identified by red circles in Figure 1a).

Source: Globe Task Team et al. (1999); Jarvis et al., (2004)

The coarser DEM (1b) suggests that a large fraction of the region is very low-lying (less than 5 m in
elevation), including the majority of the Mornington Peninsula, Phillip Island, and much of western Bass
Coast Shire Council. In contrast, southeast Casey City and southwest Cardinia Shire Councils appear to
be at relatively high elevations. Much of this representation of regional elevations can be readily
dismissed as erroneous. When one examines the 90 metre DEM (1a - the source of elevation data in
storm surge inundation simulations), the relative elevation of different areas is in much better agreement
with expectations and natural drainage features also start to become apparent. However, the limited
storm surge inundation observed in simulations, particularly along the Port Phillip Bay coast, suggests
that the absolute elevations within the 90 m DEM are still suspect and/or the resolution is still too coarse
to capture smaller drainage features (e.g., creeks and channels) that may serve as conduits for storm
surges to affect land areas.

Four areas in particular in Frankston and Mornington Peninsula Shire stand-out as low-lying areas
potentially vulnerable to sea-level rise from the 90 metre DEM (Figure 3.11). They include:

A) Northwest Frankston including Seaford Swamp and Kananook Creek;

B) Balcombe Creek near Mount Martha;

C) Dromana Bay, Safety Beach and Dunns Creek; and

D) Rosebud
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Figure 3.12: Low-lying coastal areas indicated by the 90 m DEM
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These are also areas where past problems with storm surge events have been observed, particularly in
conjunction with extreme rainfall events. Given such real-world observations of coastal inundation and
flooding in response to extreme events, the 90 metre DEM for these regions generally appears to
underestimate the potential for inundation. For example, using the 90 metre DEM, effectively none of the
coastal land areas around Balcombe Creek or the Rosebud township appear to be at less than 5 m in
elevation, even where natural drainage features meet Port Phillip Bay. Meanwhile, although low-lying
areas were identified in the vicinity of the Frankston foreshore and Seaford swamp, pathways there for
inland penetration of storm surges are not apparent from the DEM. Similarly, at-risk areas around
Dromana Bay appear to be confined to the mouth of Martha’s Cove, although the apparent misalignment
between the DEM and aerial photography suggests an additional source of potential errors in estimating
coastal inundation and impacts.

Such irregularities in the elevation data used for storm surge modelling largely accounts for the limited
coastal inundation in simulations for Port Phillip Bay. Higher-quality elevation data, such as that derived
from LIDAR, will eventually enable some of these data problems to be addressed. Nevertheless, it will
always be prudent to exercise caution in interpreting potential climate change impacts and to rely upon
multiple lines of evidence to inform estimates of risk.
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Future sea-level rise in response to global climate change is projected to increase the area
inundated in the region during storm events, particularly large (i.e., 1 in a 100 year)
events. Generally, the increase in inundation is in the order of only 4 to 15% by 2030,
reflecting the fact that increases in sea level are likely to be relatively modest over the
next two to three decades. However, later in the century, the potential for much higher
magnitudes of sea-level rise significantly increases the area at risk of inundation to 16 to
63% by 2070. The location of hot spots for inundation remains largely the same,
regardless of the time period under consideration. For example, by 2070, inundation
simulations project significant increases of storm surge water penetration into the Bass
River flood plain and the coastline of Casey and Cardinia (Figures 3.13 to 3.16).

While total inundation for each LGA was estimated for a range of assumptions about sea-
level rise, the mapping of the spatial extent of such inundation in Figures 3.13 to 3.16 and
Table 3.12 captures only the high scenarios of sea-level rise in 2030 and 2070.
Furthermore, both represent relatively low-frequency events (e.g., 1 in a 100 year storm
events). Given lower levels of sea-level rise or less extreme storm events, the associated
inundation for any given time period would obviously be lower (see Mclnnes et al., 2008
for a complete discussion of storm surge heights and inundation levels for a range of
scenarios).
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Figure 3.13: Spatial distribution of 1 in a 100 year storm surge inundation
areas for Bass Coast Shire Council (top) with close-up views of Cape
Woolamai (bottom right) and Rhyll (bottom left)
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Figure 3.14: Spatial distribution of 1 in a 100 year storm surge inundation
areas for Casey City Council (top) with close-up view of Warneet (bottom)
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Figure 3.15: Spatial distribution of 1 in a 100 year storm surge inundation
areas for Cardinia Shire Council (left) and Frankston City Council (right)
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Figure 3.16: Spatial distribution of 1 in a 100 year storm surge inundation
areas for Mornington Peninsula Shire Council (top) with close-up view of
Hastings (bottom)
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3.2.3. Exposed populations™*

Examination of regional property and household data indicates that a
relatively small fraction of the region’s population and properties are
directly exposed to storm surge events.

Looking at the most extreme scenario of a 1 in 100 year storm event in 2070, an
estimated 2,266 people in the region are exposed (based upon the 2006 population) and
an estimated 1,066 dwellings (Table 3.13 and Figure 3.17). This represents just 0.2% of
current (2006) population and dwellings in the region. By and large, the affected areas
are associated with relatively low population densities, particularly in Bass Coast, Casey
and Cardinia Shire Councils (Figure 3.18). However, projected inundation along the
Mornington Peninsula Shire was associated with more dense residential development.
Similarly, affected CCDs in Frankston City have relatively high population densities, but
account for only a very small number of exposed people and dwellings.

Table 3.13: Existing (2006) populations and dwellings in the Western Port
exposed in 2070 given a 1 in 100 year storm surge scenario

Exposed Average Exposed Population
LGA Dwellings (# | Household | oo e | Density

Size (#/km?)
Bass Coast 261 2.14 550 19.6
Shire
Cardinia Shire 24 2.9 70 2.8
Casey City 144 1.64 236 20.6
Frankston City 0 1.6 0 669.9
Mornington
Peninsula Shire e = Lt e
Total 1,066 2,266

a Number of exposed dwellings estimated from the number of residential and rural properties exposed to
storm surge inundation in 2070, assuming 1 dwelling per property.

b Average household size estimated from average household sizes for CCDs in each LGA intersecting with
storm surge inundation areas.

¢ Exposed population estimated by multiplying exposed dwellings and average household size

d Population density estimated from population densities from CCDs in each LGA intersecting with storm
surge inundation areas.

Source: ABS 2006 Census

Examination of the spatial distribution of population densities associated with inundation
areas in the region also leads to the observation that the majority of exposed CCDs
around Western Port Bay are largely associated with relatively low-density, rural
communities and smaller hamlets - the exceptions being the larger townships of Hastings
(Mornington Peninsula Shire), Warneet and Tooradin (Casey) and isolated areas of
northern and eastern Phillip Island such as around Ventnor, Cowes/Silverleaves, Rhyll
and Cape Woolamai (Bass Coast). These are arecas where the consequences of sea-level
rise and storm surge events would be anticipated to be more significant, at least from the
perspective of risks to the built environment.

" Discussion of exposed populations and infrastructure in this and subsequent sections should be considered
in the context inundation estimate uncertainties discussed in Box 3.3.
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Figure 3.17: Spatial distribution of existing properties in the Western Port

region associated with coastal inundation
(assuming a 2070, 1 in a 100 year scenario)
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Figure 3.18: Current (2006) population density of census districts exposed
to a1in 100 year storm surge (2070 scenario)
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3.2.4. Exposed public infrastructure
Transport infrastructure

A number of road and rail transport corridors in the Western Port region are already
exposed to the potential impacts of storm surge events, given a large 1 in 100 year storm.
While the increased exposure of roads to storm surge events out to 2030 is relatively
small (e.g. 9% increase in affected road length - Table 3.14), exposure increases
significantly (73%) in the latter half of the 21* century with higher sea-level rise. LGAs
containing the most extensive lengths of exposed transport infrastructure are Bass Coast
Shire and, particularly Mornington Peninsula Shire. For Bass Coast, exposed roads were
identified for the coastline of eastern Western Port Bay as well as coastal townships on
Phillip Island such as the Esplanades of Cowes and Cape Woolamai as well as roads in
Rhyll (Figure 3.13). For Mornington Peninsula Shire, the extensive residential
development along the coast, particularly that of Port Phillip Bay, places segments of a
number of relatively small secondary and tertiary roads in harm’s way. However,
segments of the Nepean Highway in Dromana and Safety Beach are projected to be
exposed to inundation by 2070. Due to the relatively low density of development along
the coasts of Casey City and Cardinia Shire Councils, the exposure of road transport to
coastal inundation is somewhat limited. However, storm surge projections for 2070 do
come within 50 metres of the South Gippsland Highway near the Harwood Aerodrome
east of Tooradin.
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Rail infrastructure throughout the region appears largely immune to storm surge
exposure. Mornington Peninsula Shire was the only LGA in the region where current or
projected storm surges overlapped with rail lines. In addition, the exposure of
Mornington Peninsula Shire’s rail network appears insensitive to increasing storm surge
heights over the 21% century. Exposed rail segments in Mornington Peninsula Shire are
confined to those in the northeast of the Council, in close proximity to the coastline
(Figure 3.19), such as rail infrastructure associated with the Bluescope Steel site and the
Bittern-Morradoo rail line.

Table 3.14: Existing transport infrastructure in the Western Port region
exposed to a 1in 100 year storm surge

LGA Present (km) 2030 (km) 2070 (km)
Roads
Bass Coast 1.4 121 15.3
Cardinia 1.8 1.8 17.2
Casey 7.7 7.9 9.7
Frankston City 0.0 0.0 0.7
Mornington Peninsula 29.9 33.4 45.0
Total 50.8 55.2 (+9%) | 87.9 (+73%)
Rail
Bass Coast 0.0 0.0 0.0
Cardinia 0.0 0.0 0.0
Casey 0.0 0.0 0.0
Frankston City 0.0 0.0 0.0
Mornington Peninsula 9.5 9.5 9.5
Total 9. 9.5 (+0%) 9.5 (+0%)
Bridges
Bass Coast 0 0 0
Cardinia N/A N/A N/A
Casey N/A N/A N/A
Frankston City 0 0 0
Mornington Peninsula N/A N/A N/A
Total 0 0 0
Page 47
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Figure 3.19: Spatial distribution of existing transport infrastructure in the
Western Port region exposed to inundation associated with a 1 in 100 year
storm surge (2070 scenario)
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Another category of transport related infrastructure that is likely to be affected by sea-
level rise and storm surge events are public boating facilities. Sea-level rise will affect
access to facilities such as boat ramps, while wave action and storm events can damage
built infrastructure associated with such facilities (see Port of Melbourne Authority,
1992). A total of 47 public boating facilities are located in the Western Port region
(Figure 3.19), although management of the facilities varies.'* Approximate locations of
boating facilities were identified from maps generated by the Victorian Central Coastal
Board and subsequently rectified against aerial photography of LGA areas. Of these, only
three facilities were identified definitively as being affected by future inundation based
upon storm surge simulations (Figure 3.19), but this small number is largely due to the
fact that boating facilities tend to be located at sea level (and therefore are constantly
exposed to some degree of inundation or exposure).

One of the identified exposed facilities is Merrick’s Yacht Club, in Mornington Peninsula
Shire while the other two are facilities located on French Island. In reality, it seems likely
that virtually all of the boating facilities in the region are vulnerable to the combined
effects of sea-level rise, storm surge events and, particularly, the action of waves during
storm events.

12 See http://www.cch.vic.gov.au/boatingcap.htm

Final Report Page 48



Impacts of Climate Change in the Western Port Region

Water, stormwater and wastewater infrastructure®®

The potential implications of rising sea levels and storm surges on water, sewerage and
drainage infrastructure are also an important consideration for the Western Port region.
Although some exposure has been identified for infrastructure in most of the Western
Port LGAs under present day conditions (Table 3.15), the effects of rising sea-levels with
respect to additional future exposure are relatively modest.

Bass Coast, Casey and Mornington Peninsula Shire were the only councils where water
mains and sewer infrastructure were identified as exposed to storm surge events, with
exposure increasing over time. Yet, none of the region’s treatment plans or sewer pump
stations were identified as exposed, even given sea-level rise and storm surge scenarios in
2070. Some types of stormwater drainage infrastructure, such as ponds and basins, were
not identified as exposed, regardless of the storm surge scenario considered, and none of
the drainage pipes or pits in Frankston overlapped with any of the storm surge inundation
scenarios. Infrastructure most at risk appeared to be the water infrastructure of Bass
Coast and the channel drains of Casey where even at present, a 1 in 100 year storm surge
is projected to affect some significant infrastructure. In addition, the terminal ends of
several of the drainage channels in Cardinia that form part of the drainage infrastructure
for Koo-Wee-Rup Swamp are potentially exposed to inundation and backwater effects
given a 1 in 100 year event, even under current sea levels. A stormwater outfall in
Warneet in Casey is projected to be exposed to storm surge inundation under current sea
levels. Similarly, the outfall at Hastings in the Mornington Peninsula Shire is projected to
be inundated by 2070. The inundation of outfalls and drainage channels may be
particularly problematic when storm surge events coincide with extreme rainfall events,
increasing the risk of localised flooding due to inadequate drainage capacity.

Other infrastructure

A range of other types of public and private facilities and infrastructure were also
assessed for exposure to 1 in 100 year storm surge events (Figure 3.20). Infrastructure
assessed for exposure included critical infrastructure or public services (e.g. utilities,
education and medical centres), major economic enterprises (e.g. industrial facilities) and
other private facilities with economic or social value (e.g. marinas and yacht clubs).

Some of the key facilities identified as being exposed include:

= the Blue Scope Steel industrial facility in Hastings;

= the Esso/BHP Billiton crude storage and fractionalisation plant, also in Hastings;
=  Harwood aerodrome, east of Tooradin in Casey;

= utility infrastructure in southern Cardinia;

= numerous caravan parks located in or adjacent to foreshore areas throughout the
region.

In addition, a number of the yacht clubs along the southern extent of Mornington
Peninsula Shire in Western Port Bay are exposed including those at Balnarring, Merricks
Beach and Flinders."

31t should be noted that there are variations among LGAs with respect to how water, stormwater
and wastewater infrastructure is assessed and the responsible party for their management.
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Table 3.15: Water, sewer and drainage infrastructure in the Western Port region
exposed to a 1 in 100 year storm surge

| Present 2030 2070
Bass Coast
Water (km) 10.1 11.0 12.9
Sewer (km) 3.9 4.3 5.2
Cardinia
Water (km) 0.0 0.0 0.0
Sewer (km) 0.0 0.0 0.0
Sewer Pump Stations (#) 0 0 0
Drainage Pipes (km) 0.0 0.0 0.0
Outfalls (#) 0 0 0
Channel Drains (km) 15.8 15.8 15.8
Pits (#) 0 0 0
Casey
Water (km) 3.8 4.1 3.5
Sewer (km) 6.2 15.0 16.1
Sewer Pump Stations (#) 0 0 0
Drainage Pipes (km) 1.1 1.2 1.7
Oultfalls (#) 1 1
Channel Drainage Structures (#) 0 0 0
Aux Channels (km) 0.0 0 0
Pits (#) 26 27 32
Aux Pits (#) 0 1 1
Aux Drains (km) 0.0 0.05 0.05
Aux Outfalls (#) 0 0 0
Aux Ponds (#) 0 0 0
Retarding Basins (#) 0 0 0
Aux Pipes (km) 1.1 1.2 1.7
Channel Drainage Structures (#) 0 0 0
Aux Channels (km) 0.0 0 0
Pits (#) 26 27 32

' These were also highlighted by Port of Melbourne Authority, 1992. Note: there may be some overlap
between yacht clubs and boating facilities (e.g. Merricks Yacht Club).
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| Present 2030 2070
Frankston
Water (km) 0.0 0.0 0.0
Sewer (km) 0.0 0.0 0.0
Sewer Pump Stations (#) 0 0 0
Drainage Pipes (km) 0.0 0.0 0.0
Outfalls (#) 0 0 0
Pits (#) 0 0 0
Mornington Peninsula Shire
Water (km) 11.4 12.7 17.5
Sewer (km) 4.8 6.8 13.9
Sewer Pump Stations (#) 0 0 0
Drainage Pipes (km) 4.4 4.6 5.2
Pipes not Linked (km) 0.6 1.0 1.0
Outfalls (#) 0 0 1
Pits (#) 97 114 170
Pits not Linked (#) 11 18 24
? Data on the locations of water and sewer infrastructure provided by Southeast Water, with the
exception of Bass Coast Shire Council, where data were obtained from the Council. Data for sewer
pump stations in Bass Coast were not available.
® Data on the locations of drainage infrastructure provided by the five LGAs in the region.
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Figure 3.20: Spatial distribution of existing facilities/infrastructure exposed
to inundation in the Western Port region, assuming a 1 in 100 year storm
surge event (2070 scenario)
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Facilities were identified from property descriptions or zone descriptions, depending upon the availability of
information.

3.2.5. Exposed coastal crown lands

Many of the effects of sea-level rise and storm surge events in the Western
Port region are likely to be borne by foreshore areas, which are frequently
crown reserves.

Ownership of these lands, including beaches down to high tide, lies with the State of
Victoria, but management responsibilities may be split across a range of institutions
including councils, local management committees and trustees and various State agencies
(Parks Victoria or Department of Sustainability and the Environment) (Figure 3.21).

These reserves are likely to bear the brunt of long-term sea-level rise, extreme tides and
storm surges and as a general rule, beaches and foreshore reserves throughout the region
will be exposed to sea-level rise and storm events, both at present and in future decades.
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Figure 3.21: Spatial distribution of coastal crown land reserves in the
Western Port region
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Numerous foreshore reserves have been identified as experiencing inundation in response
to the 2070 1 in a 100 year storm surge simulations. Those for which management
responsibility lies with local governments include:

= Bass Coast: the Cowes Foreshore Reserve (from Silverleaves to Ventnor), Rhyll
Foreshore Reserve, Newhaven to Cape Woolamai Foreshore Reserves, Grantville
Foreshore Reserve, Tenby Point Foreshore Reserve, Coronet Bay Foreshore Reserve,
Kilcunda Foreshore Reserve and Inverloch Foreshore Reserve;

= Cardinia: two of the public reserves;
= Casey: the Blind Bight Foreshore Reserve;
=  Frankston: the Frankston and Seaford Foreshore Reserves;

* Mornington Peninsula Shire (Port Phillip Bay): the Mt. Eliza Foreshore Reserve
and Rosebud Foreshore Reserve; and

* Mornington Peninsula Shire (Western Port Bay): the Hastings Foreshore Reserve,
Shoreham Foreshore Reserve, Flinders Foreshore Reserve, Tyabb Foreshore Reserve
and Bittern Coastal Wetlands Reserve.

Additional beaches and foreshore reserves, managed by state government or
committees/trustees, are also likely to be affected by storm surge inundation, including a
number along the Mornington Peninsula coastline.
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3.3. Economic and Social Impacts

As discussed in Chapter 1 (Box 1.1), the socio-economic impacts of
climate change span multiple dimensions including direct and indirect
market costs as well as non-market social and cultural consequences.

As many impacts of climate change will have cascading effects throughout communities,
it is difficult to develop an exhaustive list. However, it is possible to identify some of the
key, first-order consequences. These are discussed below, beginning with the market
implications of climate change followed by some of the more intangible, but no less
important, non-market consequences.

3.3.1. Direct market costs
Private property

Much if not most of the market impacts of future coastal inundation in the Western Port
region will stem from the direct impacts of inundation on private property, either partial
or complete loss of sites'” or costs associated with destruction or damage to infrastructure
and/or increased maintenance costs.

Tables 3.16 to 3.20 reveal the number and type of properties exposed to inundation in the
region at present and in 2030 and 2070, showing the site only (SV) and capital improved
(CIV) value of exposed properties. Under the worst case scenario, property with a total
SV of approximately $487 million and CIV of $780 million (2007 dollars) will be
exposed to inundation in 2070, an increase of $ 144 million on the SV and $359 million
on CIV of property currently exposed ($343 and $421 million respectively). By far the
largest share of exposed properties in the region (in terms of CIV) is in Mornington
Peninsula Shire (72%), followed by Bass Coast (21%), Casey (6%), Cardinia (1%) and
Frankston City (<1%). Residential properties represent approximately 64% of the CIV
value of exposed properties, industrial 24%, rural 9% and unspecified and other 3%.

!5 The potential loss of coastal land makes the issue of coastal inundation qualitatively different
from, say bushfires or inland flooding, which do not involve loss of land.
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Table 3.16: Value of existing property in potential 1 in 100 year storm surge inundation areas of Bass Coast Shire

(in thousands of $)?

Property
Type

Commercial
Industrial

Private

Infrastructure®

Recreational
Residential
Rural
Services
Unspecified

Total (%
change
relative to
present)

174
45

20
253

Present
SV°©

$ 1,433

$ 285

$-

$ 3,250

$ 57,549

$ 44,894

$-

$-

$ 107,411

cive
$ 2,676
$ 631
$ -
$7,010
$ 75,054
$ 51,166
$-
$-
$ 136,537

182
48
0
20

264
(+4%)

2030
Sv©

$ 1,433
$285
$ -
$ 3,250
$ 61,115
$ 47,076
$-
$-

$ 113,159
(+5%)

CIv®
$ 2,676
$ 631

$ -

$7,010

$ 79,366

$ 53,550

$-

$-

$ 143,233
(+5%)

205
56
0
20

298
(+18%)

2070
Sv°
$ 1,433
$ 285

$ -

$ 3,250

$ 70,714

$ 52,812

$-

$-

$ 128,494
(+20%)

cIve
$2,676
$ 631

$ -

$ 7,010

$ 91,160

$ 59,506

$-

$-

$ 160,983
(+18%)

®Data on property values provided by the five LGAs in the region.

® Includes transport, communication, utilities, and storage infrastructure
¢ Market value of land only

4Total market value of the property including land, buildings and all other improvements
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Table 3.17: Value of existing property in potential 1 in 100 year storm surge inundation areas of City of Casey
(in thousands of $)?

Property
Type
Commercial
Industrial
Residential
Rural
Unspecified

Total (%
change
relative to
present)

109

31
143

Present
SV°

$ 800
$-
$ 20,802
$ 1,969
$-

$ 23,571

CIv®

$ 1,667

$ -

$ 28,874
$ 2,089

$ -

$32,630

112
3
32

149
(+4%)

2030
SV°

$ 1,024

$-

$ 21,548

$ 3,797

$-

$ 26,369
(+12%)

CIV®
$ 1,907
$ -
$ 29,884
$4,163
$ -
$35,954
(+10%)

140
4
42

189
(+32%)

2070
SV°
$ 1,024
$ 538
$ 25,956
$ 4,299
$-
$ 31,817
(+35%)

CIV®
$ 1,907
$ 608
$ 36,761
$ 4,835
$ -
$44,111
(+35%)

@Data on property values provided by the five LGAs in the region.

® Market value of land only

°Total market value of the property including land, buildings and all other improvements
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Table 3.18: Value of existing property in potential 1 in 100 year storm surge inundation areas of Mornington Peninsula Shire
(in thousands of $)*
Type # S o\ YA o\ # sV° o\
Commercial $ 1,697 $ 2,281 $ 1,697 $ 2,281 $ 1,863 $ 2,500
Industrial $ 21,331 $ 21,711 $ 21,331 $ 21,711 15 $ 49,370 | $ 235,503
Private
Infrastructure® 4 $ 3,045 $ 3,545 4 $ 3,045 $ 3,545 4 $ 3,045 $ 3,545
Recreational 0 $- $- 0 $- $- 0 $- $-
Residential 272 | $160,612 | $ 195,992 310 $ 187,234 | $ 226,801 494 $ 247,810 | $ 304,725
Rural 3 $ 19,223 $ 19,243 3 $ 19,223 $ 19,243 3 $ 19,223 $ 19,243
Unspecified 285 $- $-| 422 $- $-| 587 $- $-
Total (% 574 | $205,908 | $242,772 749 $ 232,530 | $ 273,581 1,109 | $321,311 | $ 565,516
change (+30%) | (+13%) (+13%) | (+93%) | (+56%) | (+133%)
relative to
present)

Data on property values provided by the five LGAs in the region.
® Includes transport, communication, utilities, and storage infrastructure

¢ Market value of land only

“Total market value of the property including land, buildings and all other improvements
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Table 3.19: Value of existing property in potential 1 in 100 year storm surge inundation areas of Shire of Cardinia

(in thousands of $)?

Property Type®

Green Wedge
Public Use

Public
Conservation and
Resource

Road
Rural

Total (% change
relative to
present)

21
26

Present
SV
$-
$ 662

$813

$ -
$ 4,338
$5,813

CIve
$ -
$ 969

$ 1,345

$ -
$ 6,665
$ 8,979

0
21

26
(+0%)

2030
Sv°
$-

$ 662

$813

$-
$ 4,338

$5,813
(+0%)

cIve
$ -
$ 969

$ 1,345

$ -
$ 6,665

$ 8,979
(+0%)

1
21

30
(+15%)

2070
SV°
$ 254
$ 662

$ 813

$ 106
$ 4,338

$6,173
(+6%)

cIve
$ 508
$ 969

$ 1,345

$ 191
$ 6,665

$ 9,678
(+8%)

®Data on property values provided by the five LGAs in the region.
L Property types determined by the associated planning zone in which they were located
¢ Market value of land only
¢ Total market value of the property including land, buildings and all other improvements
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Table 3.20: Value of existing property in potential 1 in a 100 year storm
surge inundation areas of Frankston City (in thousands of $)°

Time Period # Sve civ?
Present 0 $ - $-
2030 0 $- $-

2070° 1 $30 $ 195

% Data on property values provided by the five LGAs in the region.

®The one property identified in 2070 was zoned for “Public Conservation and
Resource”

¢ Market value of land only
“Total market value of the property including land, buildings and all other improvements

It is important to recognise that property values, quoted above, do not represent the likely
economic impact of future inundation of properties in the region. Instead, a total of $300-
400 million could represent a worst case scenario for loss of site value, if the following
outcomes eventuated:

= there is repeated inundation of all currently exposed sites;
= the sites become unusable as a result of inundation; and
= additional properties (i.e. properties exposed by 2030 or 2070) are also lost.

In reality, it is likely that the impact of storm surge scenarios on site value will be less
than this total, since at least some of the site value of affected properties will be
maintained into the future, either for current or alternative uses.

In addition to site impacts, loss or damage to infrastructure on the exposed properties also
needs to be considered. As detailed in Tables 3.16 to 3.20, the total value of private
infrastructure exposed to inundation under a worst case 2070 scenario, for a 1 in 100 year
storm surge, is approximately $293 million'®. This is about $215 million more than the
value of infrastructure currently exposed to a 1 in 100 year storm surge ($78 million). Of
the $293 million exposed in 2070, approximately $187 million (64%) are industrial
assets, virtually all of which are located in Hastings in the Mornington Peninsula Shire.
Of the additional exposed assets, $88 million (30%) are residential, again mainly located
in Mornington Peninsula Shire.

A sum of approximately $150-230 million represents a worst case scenario for damage to
this infrastructure involving:

= complete loss of all exposed infrastructure; and
= depreciation of 20-50% of the market value of that infrastructure'’.
Again, it is unlikely that all exposed infrastructure value will be destroyed, even with

repeated inundation. A more realistic indication of the costs of future coastal inundation
on private infrastructure could potentially be gained through the use of a model, such as

' Calculated as CIV, less SV.
'7 There are major uncertainties in estimating depreciation rates for property loss through natural
disasters (BTE, 2001).
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ANUFLOOD'®, which is now used extensively in relation to inland flooding to derive
damage cost curves for housing and commercial buildings. Costs are correlated in the
model to the projected flood height above floor level. In principle, a similar approach
could also be used to derive a damage cost curve for given coastal inundation scenarios.

Unfortunately, there is insufficient high-resolution, coastal elevation and other data to
derive damage cost curves by these means. Instead, a rough estimate of potential damage
costs to residential properties in the region has been made by applying the rapid appraisal
method of floodplain management to a coastal inundation scenario. Under the rapid
appraisal method (Read Sturgess & Associates, 2000), the average cost of flood damage
per residential property has been estimated at $25,600". Applying this sum to the 555
residential properties in the region that are currently exposed to 1 in 100 year storm
surge, gives an estimated $14.2 million in damage costs to residential properties in the
region associated with each inundation, noting that a current 1 in 100 year storm surge
could become a 1 in 1 to 1 in 4 year storm surge by 2070 (Mclnnes et al., 2007). This
estimate is obviously subject to a great deal of uncertainty, not least because the
estimates of flood damage and associated costs derived through the rapid appraisal
method were intended to apply to inland flooding scenarios, not coastal flooding.

Public infrastructure

As discussed in section 3.2.4, a range of public coastal infrastructure including roads,
port facilities and water and waste infrastructure are exposed to the effects of increased
storm surge severity over the next 60 years. This infrastructure will be susceptible to
damage as a result of storm surges, both the initial damage caused by erosion and
flooding and in some cases, accelerated deterioration due to the effect of water intrusion.
The cost of repairing flood damaged roads, for example, is estimated on average to be
about $42,000 / km (see Table 4.18). However, there are insufficient data on the specific
type and number of public coastal infrastructure in the region exposed to inundation or of
the nature of the impacts of inundation to estimate damage costs associated with potential
future inundation. Costs associated with exposure of local government infrastructure to a
range of climate variables are examined further in Chapter 8.

3.3.2. Indirect market costs

Other indirect costs will be associated with storm surges and coastal
inundation that are not due directly to the inundation.

These include the costs of disruption to business and costs of emergency services and
volunteers in responding to the impacts of a major storm surge.

When examining costs such as disruption to business, consideration must be given to
whether a local or national perspective is taken. In this study a local perspective is taken,
meaning that loss of business to firms located in other parts of Australia is regarded as an
economic cost to the Western Port region.

Disruption to business

Coastal inundation is likely to disrupt business activity, both in the short-term and longer-
term. The regional sector most likely to be affected in this way is tourism, especially

'® The model is discussed further in Chapter 4.
19$20,500 in 1999 (Read Sturgess & Associates, 2000)

Final Report Page 60



Impacts of Climate Change in the Western Port Region

tourism associated with beaches and coastal activities - which is probably most of the
tourism in the region. As discussed in 3.2.5, beaches and foreshore reserves throughout
the region are likely to bear the brunt of long-term sea-level rise, extreme tides and storm
surges. As well as having social, cultural and environmental impacts (see following
section) increased erosion, degradation and even loss of many of the region’s beaches
would have serious implications for the region’s tourism sector.

For example, in 2005 beach related tourism expenditure in the region is estimated to have
been approximately $482 million®”. This is approximately 55% of output of the region’s
tourism and hospitality sector. The value of beach related tourism to the regional
economy will be less than this, perhaps in the order of $75 to $150 million or one to two
percent of GRP*!. Even so, a large loss of the region’s beaches and coastal precinct as a
consequence of storm surges and inundation, even on a temporary basis, would have a
significant impact on the region’s economy and could be catastrophic for the region’s
tourism sector, especially in Mornington Peninsula Shire and Bass Coast Shire where
tourism provides 9.4 % and 7.1 % respectively of the value of local output (see Table
2.8). However, the extent of impacts to the region’s tourism industry will clearly be
affected by a number of factors, including the location, scale, timing and permanency of
impacts to the region’s beaches. For example, affected beaches that are located in areas
with high visitation rates will have greater consequences for the tourism industry than
beaches with low visitation rates, especially if impacts occur at the start of the peak
tourism season. Output of other sectors with links to tourism, notably wholesale and
retail trade, will also be affected.

Other business activities most likely to be disrupted by future inundation are those
associated with the industrial facilities located in Hastings and businesses dependent on
port facilities, particularly in Western Port Bay. The activities of these businesses could
be directly curtailed by coastal inundation events.

Business activities dependent on the use of exposed transport corridors could also be
affected. For example, the Bureau of Transport Economics (2001) estimates road
transport delay costs to be in the order of $39 / vehicle hour for business cars, $34 /
vehicle hour for laden trucks and $16 / vehicle hour for commuting and other private
vehicle trips (converted to 2007 dollars). Businesses dependent on the use of major
exposed transport corridors, such as the Nepean Highway in Mornington Peninsula Shire
and South Gippsland Highway in Casey, could be particularly vulnerable.

Other activities worthy of note are the utility networks: electricity and gas supply, water
supply, waste water and telecommunications. Economic costs resulting from the impacts
of inundation on this infrastructure will result not so much from damages to the
infrastructure itself (although significant damage resulting from inundation and/or
erosion is possible), but indirectly from disruption to the network services. Of the
network services, water and waste water services appear to be most threatened by coastal
inundation. As discussed in 3.2.4, water services in Bass Coast and drainage services in
Casey and Cardinia appear to be vulnerable due to more frequent exposure of some of the
relevant infrastructure in the future.

2 Estimate based on data in Tourism Victoria 2006a, 2006b.
2! Based on producer surplus to expenditure ratio for the Australian tourism industry of
approximately 15 to 30%.
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It is not possible to estimate the extent of financial impact on the business activities
discussed above, since the level of disruption to activities will depend on the
infrastructure and services impacted and the duration and severity of disruption. Also, it
is important to note that net regional economic costs resulting from any disruptions will
tend to be lower than the sum of financial costs on affected businesses, since other local
businesses unaffected by the inundation will likely benefit from increased business
activity. Exceptions to this outcome are the industrial facilities located in Hastings. These
industries are important to the regional economy (see Table 2.8). Importantly, they are
not replicated elsewhere in the region or indeed the state. Thus, any loses incurred by
them will equate to regional economic losses.

Other indirect market costs
Other indirect market costs that could result from coastal inundation include:

= disruption of public services associated with infrastructure such as schools and
hospitals;

= cleanup costs; and
" emergency Service costs.

Infrastructure exposure information discussed in 3.2.4 indicates that no hospitals or
schools are directly exposed to inundation, even under the worst case scenario in 2070.
As discussed in section 3.2.4 though, a range of other public coastal infrastructure
including roads, port facilities and water and waste infrastructure are exposed to the
effects of increased storm surge severity over the next 60 years. As well as having direct
infrastructure damage costs, services are likely also to be disrupted as a result of
infrastructure inundation - both directly (e.g. water and waste water services) and
indirectly (e.g. emergency service provision as a result of the inundation of roads™). It is
not possible to be precise about the costs of service disruption other than to note earlier
studies which indicate that the costs associated with service provision can be as great or
greater than the direct costs of damage to infrastructure (BTE, 2001; Read, Sturgess &
Associates, 2000).

Cleanup costs resulting from an inundation event could be quite significant. The BTE
(2001) estimates average cleanup costs for public buildings affected by floods to be in the
order of $10,000 (in 1999 dollars) for public buildings and 20 person days (at average
weekly earnings) and $330 in materials per household. Considering just residential
properties currently exposed to a 1 in 100 year storm surge™, potential cleanup costs for
each inundation event could be in the order of $1.1 to $1.5 million**.

3.3.3. Intangible (non-market) costs

Intangible costs refer to direct and indirect impacts that do not normally have a market
value and therefore do not have a commonly agreed method or unit of valuation. They
include loss of life and other health impacts, loss of memorabilia, ecological and cultural

22 Issues associated with emergency response are examined in Chapter 9 in the context of various
climate impacts.

» Noting that in a worst case scenario in 2070 the frequency of inundation of these properties
couldbe 1 in 2 to 1 in 4 years.

# Assumes approximately 750 affected residences and average household weekly income of $989.
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damages, destruction of community life and loss of leisure. Research reported in BTE
(2001) and Handmer (2003) suggests that communities generally value the intangible
costs of natural disasters at least as great as the tangible dollar losses.

Below we discuss the two categories of intangible costs that are most likely to be
significant in the context of coastal inundation in the Western Port region:

= health and safety impacts; and

* amenity impacts associated with potential damage to or loss of beaches.

Health costs

The potential health impacts of coastal inundation associated with sea-level rise and
storm surge include mortality, injury, stress and stress-related illnesses. The extent of
these health impacts in the future will depend on a range of factors including:

= the number and type of people affected;
= the characteristics of the storm surge event;
= the frequency of events; and

= the warning time given to local residents.

Given uncertainties in relation to these variables, it is difficult to make even generalised
statements about the potential health impacts of future coastal inundation events in the
region. However, (in the context of flood management) Reed Sturgess & Associates
(2000) suggest that in the absence of data on all of relevant variables, the most significant
determinant of the size of the likely impact of flooding on human health and mortality is
the size of the resident population ‘at risk’. Given this, and available data on the number
of residents exposed to future coastal inundation relative to the number of residents
exposed to other climate events, it can reasonably be argued that the health costs
associated with coastal inundation in the region are likely to be substantially less than the
health impacts of other hazards associated with climate change such as bushfires
(Chapter 5) and (especially) extreme temperatures (Chapter 6).

Amenity losses associated with inundation and erosion of beaches and coastal reserves

Beaches and coastal reserves in the Western Port region provide substantial direct and
indirect benefits to local communities. Visitors from outside the region also derive
benefits from the region’s beaches, with an estimated 9.8 million person day visits to the
region in 2005, a large majority of the visits being linked to its beaches and coastal
reserves (Tourism Victoria, 2006a, 2006b).

Values associated with beaches and coastal reserves include:
= ecological / natural (not discussed in detail in this report);
= leisure, recreation and wellbeing;

= educational; and

= cultural heritage.
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Leisure and recreation

A preliminary estimate of the economic value of the leisure and recreational benefits
threatened by coastal inundation has been made, based on a previous analysis of the
economic value of public land in Victoria (MJA, 2004b). In the previous analysis,
recreation and visitation values of coastal public lands in Victoria are estimated to be
more than $1 billion dollars annually (in 2004 dollars). Using visitation numbers to the
beaches, reserves and piers located in the Western Port region, similar estimates have
been derived for the region. These estimates indicate that the annual value of visitations
to the region’s coasts in 2004 was $397 million (Table 3.21). As discussed in section
3.2.5, the non-market values that this estimate quantifies could be substantially
threatened in the longer term by sea-level rise, storm surge and coastal erosion.

Table 3.21: Recreation and visitation values of coasts and beaches in the
Western Port region, 2004 ($ million)

Consumer surplus ($ million)
Victoria Western Port region
Beaches 734 291
National/state parks (coastal) 223 68
Piers 53 21
Crown Land Reserves (coastal) 31 10
Phillip Island Nature Park 7 7
Total 1,048 397

Source: Analysis based on MJA, 2004

The estimates provided in Table 3.21 are preliminary (in that they are not based on
detailed regional data) and limited (in that the range of non-market values assessed is
quite narrow). Nevertheless, they are sufficient to suggest that non-market values are
potentially the most significant of all values threatened by sea-level rise and storm surge
in the Western Port region.

Cultural heritage

There are numerous cultural heritage values associated with the region’s coastline, linked
to both Aboriginal history and post-settlement history. These values and associated sites
of significance are discussed in the region’s foreshore management plans (e.g. Dromana
Foreshore Committee of Management, 2003; URS, 2004) and in some cases are
identified and protected through local planning schemes and state and national legislation
(e.g. Commonwealth Aboriginal and Torres Strait Islander Heritage Protection Act
1984).

It is likely that many sites of significance, located on either beaches or foreshore reserves,
will be threatened by coastal inundation. However, detailed archaeological surveys, in
conjunction with site-specific coastal inundation mapping, are required to identify
threatened sites.
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3.4. Summary of Potential Implications of Exposure to Storm Surge Inundation in the Western Port Region
Bass Coast | e Additional 0.8-3.4 km? inundated by 1in a 100 year storm surge in 2070, particularly the Bass River flood plain and foreshore reserves
Cardinia | « Additional 0.3-1.3 km? inundated by 1 in a 100 year storm surge in 2070, particularly the foreshore reserves and tidal wetlands
Casey « Additional 0-0.3 km? inundated by 1 in a 100 year storm surge in 2070, particularly low-lying areas and wetlands around Warneet and east of
Tooradin
Frankston | e Little change in storm surge inundation by 2070, but potential for sea-level rise impacts to Frankston foreshore and Oliver’s Hill
MPS* | o Additional 0.3—1.3 km? inundated by 1in a 100 year storm surge in 2070, particularly foreshore areas and low-lying areas around Hastings
Bass Coast | * An estimated 559 current residents in 261 dwellings would be exposed given storm surges corresponding to a 1 in a 100 year event in 2070.
Particular at-risk populations include low-income and/or elderly residents associated with Phillip Island townships.
Cardinia | e Limited direct public exposure
Casev | * An estimated 236 current residents in 24 dwellings would be exposed given storm surges corresponding to a 1 in a 100 year event in 2070. At-
Y1 risk populations include low-income and/or elderly residents in Warneet and Tooradin as well as exposed business owners.
Frankston | e Limited direct public exposure
MPS | ® An estimated 1,401 current residents in 637 dwellings would be exposed given storm surges corresponding to a 1 in a 100 year event in 2070,
Retiree communities in the south around Portsea and Sorrento and low-income households around Hastings may be particularly vulnerable.
¢ $160 million of property exposed to 1 in a 100 year storm surge by 2070, particularly rural properties adjacent to Bass River flood plain and
Bass Coast | exposed areas of Philip Island townships. Damage costs from storm events and loss of property value due to erosion and inundation likely to
rise.
. .| e« $9 million of property exposed to 1 in a 100 year storm surge by 2070, such as rural properties in the south and within Koo-Wee-Rup Swamp.
Cardinia ; ; At ;
Damage costs from storm events and loss of property value due to erosion and inundation likely to rise.
C o $44 million of property exposed to 1 in a 100 year storm surge by 2070, particularly low-lying coastal areas around townships of Warneet and
asey . g . e ;
Tooradin. Damage costs from storm events and loss of property value due to erosion and inundation likely to rise.
Frankston | e Limited property exposure.
e $565 million of property exposed to 1 in a 100 year storm surge by 2070 including residential property adjacent to foreshore beaches,
MPS commercial/industrial properties around Hastings. Damage costs from storm events and loss of property value due to erosion and inundation
likely to rise.
¢ Potential for inundation of some secondary and tertiary roads in Phillip Island townships and those adjacent to Bass River flood plain.
Bass Coast Increased road maintenance costs associated with flood damage.

o |solated exposure of water and sewerage infrastructure.
e Boating facilities.
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¢ Drainage infrastructure associated with Koo-Wee-Rup Swamp.

e South Gippsland Highway just east of Casey inundated by 1 in a 100 year storm surge by 2070. Increased road maintenance costs associated
with flood damage.

¢ Boating facilities.

e Harwood Aerodrome inundated by 1 in a 100 year storm surge by 2070

e South Gippsland Highway east of Tooradin may be at risk of inundation during storm events later in the century. Increased road maintenance
costs associated with flood damage.

¢ Increased exposure of water infrastructure. Storm water outfall near Warneet inundated by 1 in a 100 year storm surge by 2070.

o Boating facilities around Warneet and Tooradin and Warneet.

¢ Boating facilities

¢ Nepean Highway in the northwest inundated by 1 in a 100 year storm surge by 2070, as well as a number of secondary and tertiary roads.
Increased road maintenance costs associated with flood damage.

¢ Rail infrastructure in northwest and around Hastings.

¢ Port of Hastings and associated infrastructure and industries as well as other public boating facilities.

¢ Increased exposure of water and sewerage infrastructure. Storm water outfall near Hastings inundated by 1 in a 100 year storm surge by
2070.

e Some potential for storm events to interrupt business activity in the townships of Phillip Island.

o Potential for storm surge inundation of South Gippsland Highway could disrupt transport and commerce in the region. However, few business
areas appear to be directly exposed to storm surge events.

¢ Potential for storm surge inundation of South Gippsland Highway could disrupt transport and commerce in the region. Businesses in coastal
townships of Warneet and Tooradin also at risk from transport disruptions, increased risk of flood damages, loss of revenue during storm
events or loss of revenue associated with loss of regional amenity value.

¢ Direct implications for business activity appear limited. However, indirect effects associated with loss of amenity to Frankston Foreshore could
affect services and tourism.

e Operations at industrial facilities at Hastings could be disrupted by storm events. Tourism and service industry could be affected by long-term
impacts of sea-level rise and storm events on region’s housing, property, and coastal amenity.

o Limited direct risk to public health from sea-level rise and coastal hazards due to small size of exposed populations. However, elderly
individuals as well as those with limited mobility or financial means may be at greater risk.

o Potential for significant impacts to amenity values of beaches and coastal reserves resulting from increased inundation risk and coastal
erosion. Amenity values include ecological assets, recreational opportunities, and cultural values attached to locales and site-specific
activities. Impairment of amenity also has implications for business activity (see above).

*MPS - Mornington Peninsula Shire
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4. IMPACTS ASSOCIATED WITH INTENSE RAINFALL
AND INLAND FLOODING

Chapter Summary

o Flood events represent the costliest natural disaster in Victoria and
Australia as a whole, and with at least 620 km? of flood prone areas in the
Western Port region, flooding poses a substantial and wide-spread risk.

o Future changes in climate, particularly significant increases in short-to-
moderate duration extreme rainfall events is anticipated to increase the
frequency of floods and magnitude of flood levels in at-risk areas and may
potentially expose new areas to harm.

¢ Flood mapping in the region is an ongoing process, with some flood prone
areas still to be mapped. Based on current information, 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.

o 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.

o Further, flooding also has the potential to disrupt much of the region’s
transport infrastructure including major surface roads and highways as
well as rail services, while a range of businesses, industries and public
services and utilities are also vulnerable to disruptions from flooding.
These indirect economic costs could be significant relative to direct
damages.

4.1. Inland Flooding in Western Port: The Issues

Extreme rainfall events and the management of the subsequent runoff is a
fundamental challenge for many urban and rural regions.

High magnitudes of rainfall over short-time windows can contribute to high levels of
runoff that increase flood risk in drainage areas (Fowler and Kilsby, 2003). The challenge
is particularly acute for urban environments due to the large proportion of impervious
land cover (e.g., buildings, roads, parking lots) that causes a much higher proportion of
runoff per unit of rainfall than in natural landscapes.

Furthermore, urban development often disrupts the natural drainage of the landscape, and
development may occur in what otherwise would be wetland or floodplain areas.
Nevertheless, even in rural areas, there is still significant flood risk, particularly in areas
adjacent to creeks, streams and rivers where flow levels may rise in response to
significant rainfall in upstream catchments. Rural areas also may have lower levels of
drainage infrastructure and flood protection to manage large magnitudes of runoff and
conduct it safely away from property and infrastructure.

A major flood in 1934 reportedly left the main street of Koo-Wee-Rup under 1.8 metres
of water after an estimated 140 mm (perhaps more) of rain fell in two days (see Box 3).
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Quite often, flood events result in economic damages arising from both insured and
uninsured losses. The Bureau of Transport and Regional Economics reviewed natural
disasters in Australia between 1967 and 1999 (BTE, 2001). That review concluded that
floods were the most costly of disasters, accounting for 29% or $10.9 billion in damages.
The proportion was even higher in Victoria, with floods representing 41.1% or $1.2
billion in damages. For example, an estimated 1 in 100 year flood affected Traralgon,
Gippsland in 1978 causing $627,000 in damages®. Flood events in West Gippsland in
2001 resulted in approximately $138,548 in damages™. A flood study of the Macalister
River in West Gippsland estimated the costs associated with a 1 in 100 year flood at
$1,350,000. These represent the direct costs of flooding. However, additional indirect
costs arise due to lost productivity associated with clean up times and temporary
displacement (BTE, 2001).

Hence, communities make significant investments in storm water management networks,
designed to safely store, retard or conduct storm water runoff to suitable discharge points.
Such measures are particularly common in urban areas due to the large proportion of
impervious surface combined with dense populations and development that would
otherwise lie in harm’s way. When the capacity of such drainage networks is exceeded
and/or further development alters the flow of runoff, localised flooding can occur. For
example, the severity of the 1934 flood to Koo-Wee-Rup was partly attributed to
inadequate drainage infrastructure, leading to significant expansion of that infrastructure
in the wake of a Royal Commission held to investigate the floods (Box 4.6; Roberts,
1985).

The sensitivity of different areas of the Western Port region to extreme rainfall events is a
complex interaction of topography, land use and cover, and soil conditions. Topography
influences the drainage pathway of runoff across the landscape, which is influenced by
relative elevation between points and the slope of the landscape (Liu and Todini, 2002).
Generally, higher elevation areas with steep slopes are less vulnerable to flooding, as
rainfall is more likely to runoff to lower elevation plains and depressions, provided flow
paths are available. Land cover dictates the extent to which rainfall can penetrate into the
soil, attenuating runoff (Liu and Todini, 2002).

In more urban environments, areas that are densely developed are assumed to have a
higher proportion of impervious surface, resulting in a high rate of runoff (Carlson and
Arthur, 2000). More natural landscapes and particularly those with significant vegetation
are assumed to retard runoff locally resulting in a lower fraction of immediate runoff,
although catchments may continue to discharge into surface water networks over time.

Finally, the ratio of rainfall to runoff is also influenced by the existing saturation state of
the soils (i.e. the amount of water those soils can hold; Bronstert et al., 2002). This is a
parameter that varies considerably over time depending upon the timing of rainfall,
temperature and evaporation, and the structure of the soil. Nevertheless, across a
landscape, some areas will tend to have higher capacities to hold water than others, which
again may increase the potential for those soils to absorb rainfall and retard runoff.

25 Source: http://www.ga.gov.au/oracle/flood/flood_studies.jsp

26 Source: http://www.ses.vc.gov.au
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Box 4.6: The Koo-Wee-Rup ‘Super Flood’

Victoria experienced her worst flooding of the twentieth century early in the summer of
1934. There were thirty-five fatalities and over 6,000 people were made homeless across
the state (BoM, 2007).

One of the most severely affected areas was Koo-Wee-Rup, an agricultural centre
developed on 40,000 hectares of reclaimed swampland in the present day Cardinia
Shire. The area had a history of serious floods from the time the ambitious drainage
scheme commenced in 1889. The ‘Super Flood’ of 1934 was a result of a heavy rain
burst on November 30 and December 1. It is estimated that rainfall peaked at 97,840
megalitres per day. The Bunyip River broke its banks and almost the entire Koo-Wee-
Rup Swamp was flooded. The high ground at the railway station became a safe haven
for one thousand people made homeless. The police used fifteen rowboats to rescue
people trapped in their ceilings and on their roofs. Forty thousand hectares were covered
with water and most buildings in the town were flooded up to their veranda tops. Luckily
there was no loss of life due, it is believed, to flood waters hitting the town at 8.30am in
the morning before most shops and businesses had opened.

There were whole herds of cattle washed away down the drains and drowned. Cows,
horses, pigs, everything went down with the flood... A lot of those were washed out into
the bay and then when the tide came in they were washed back. They went out with the
flood and went in with the tide. A lot of people were in the old hall in the street. They
were camped on the stage. A cow floated in the hall while they were there, a dead cow...
Mr Frank Egan (BoM, 2007).

After another flood the following year, further work was carried out on the drainage
system. A Royal Commission was established to investigate all Waterworks in Victoria in
1935 as a result of the flooding (Roberts, 1985).

The direct impact of climate change on flood risk in the Westernport region depends on
the geophysical specifics of each settlement and catchment. As noted by Melbourne
Water (2005), “flood impacts are likely to be site specific and will need to be reviewed
for local conditions and in the context of local flood management controls and

investment”.%’

Critical duration storm events will differ between settlements, and climate change is
expected to have varying impacts on different duration rainfall events (Abbs et al., 2006;
2008). The impacts of climate change may also influence flood risk indirectly. For
example, in the wake of a bushfire event, substantial increases in runoff are often
observed in fire-affected catchments (Gallucci et al., 2007).

" In the Hawkesbury-Nepean corridor of NSW, an increase in flood event from one in twenty
years to one in one hundred years corresponds to 10 metres of inundation. In contrast, many
inland locations in both New South Wales and Queensland experience flood height ranges of only
a metre or so and climate change would have insignificant effects on failure potential.
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Box 4.7: Implications of Extreme Rainfall Changes for Urban Impacts —
Simulations from New South Wales

While there have been few studies of the direct implications of changes in extreme
rainfall on flooding and damage costs, some assessments conducted for New South
Wales provide some perspective. A modelling study by Schreider et al. (2000) concluded
that for a doubling of the preindustrial concentration of atmospheric carbon dioxide, the 1
in 100-year flood under current conditions would become a 1 in 44-year event for the
Upper Parramatta River, a 1 in 35-year flood for the Hawkesbury—Nepean and a 1 in 10-
year flood for Queanbeyan and Canberra. Meanwhile, a study by Minnery and Smith
(1996) found that climate change may double flood-related damages in urban areas of
NSW (see also Smith, 1998; Schreider et al., 2000). These studies provide some sense
of the scale of changes in both natural hazards and their socio-economic impacts.
Despite being generated for a region far removed from Western Port, the general finding
of significant increases in extreme rainfall events and a reduction in storm return periods
in the Western Port region in future decades suggests that flooding and damages are
likely to rise. This is particularly true for those areas that are experiencing rapid
population growth and development that is increasing the financial exposure to natural
hazards.

Figure 4.22: Projected fractional change in extreme rainfall events in the
Port Phillip Bay and Western Port Bay region of Victoria in 2030 and 2070

2-hr 24-hr 72-hr

Changes greater than 1.0 indicate an increase in extreme rainfall, while changes less than 1.0 indicate a
decrease (Abbs et al., 2006, 2008).

Final Report Page 70




Impacts of Climate Change in the Western Port Region

4.1.1. Extreme rainfall projections for the Western Port region

Climate change is projected to alter the frequency and/or intensity of extreme rainfall
events in Victoria, including the Western Port region (Figure 4.22). The projections
generated as part of this project, indicate return intervals for extreme rainfall events or
varying durations (1 to 96 hours) will change significantly in the decades ahead.
However, the spatial distribution of extreme rainfall change varies considerably over the
Western Port region. Furthermore, these changes vary significantly over time and with
the event in question. Where increases in extreme rainfall events occur, flood risk and
damages are also anticipated to rise unless stormwater management infrastructure and
flood mitigation measures are updated. In fact, Minnery and Smith (1994) argue that “for
urban areas the most significant climatic impacts are likely to result from an increased
frequency of extreme events, including flooding”. It should also be noted that the storm
systems associated with extreme rainfall may cause damages in their own right,
independent of rainfall (Box 4.8).
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Box 4.8: Windiness and Storms - A Cross-Cutting Issue

While this report examines the impacts of different climate changes in a rather discrete manner, in
reality many of these biophysical changes interact and multiple extremes may occur simultaneously.
A good example of this phenomenon is that of storms and their associated high winds. While wind
has significant potential for causing damages within Australian settlements, it is often associated
with some of the other impacts addressed in this report, such as storm surge and/or extreme rainfall.

The consequences of high winds are perhaps best appreciated in northern Australia where tropical
cyclones periodically make landfall along the Australian coastline. While heavy rainfall and high
storm surges are a routine consequence of cyclones, the high winds associated with these storm
systems are often a major cause of coastal damages in their own right. However, even in other
regions of Australia that are not exposed to tropical cyclones, severe storms and the associated
winds represent a major fraction of disaster damages. In Victoria, the BTRE (2001) estimated that
approximately 24% of disaster coasts in between 1967 and 1999 were associated with severe
storms. Undoubtedly, a significant fraction of such damages can be attributed to wind. For example,
wind was identified as a major contributor to insured losses in six of the top 20 storm events in New
South Wales (Figure 4.23). Some of the most destructive winds in southern Australia are

associated with tornadoes, such as those that occurred in eastern Melbourne in 2004, west of
Geelong and in the vicinity of Bendigo in 2003.%

Figure 4.23. Causes of top 20 storm events for buildings in NSW insured through
Insurance Australia Group
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In contrast with temperature and rainfall, the projected implications for extreme winds are projected
to be relatively modest. For example, Macadam et al. (2007) projected changes within £5% out to
2030, although such changes increase by a factor of 2 to 3 by the latter half of the 21° century.
Nevertheless, such relatively minor increases in extreme winds may yet have important

8 Source: Bureau of Meteorology - http://www.bom.gov.au/weather/vic/sevwx/Tornadofacts1.shtml
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consequences due to the manner in which damages during wind events increase exponentially with
rising wind speeds (Coleman, 2002). Observations of wind damages also suggest a critical
threshold for wind speed of approximately 50 km/hour, above which damages increase significantly
(Figure 4.24). Observations of wind speeds from the Western Port region indicate that speeds in
excess of 40 km/hour are relatively common. Given that damages increase significantly above
these levels, increases in average daily winds of a few percentage points could translate into rising
damage costs. Nevertheless, the most damaging winds will continue to be associated with extreme
storm events associated with synoptic frontal weather systems.

Figure 4.24: Response of housing damages to increasing wind speeds
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In considering the exposure of different areas, settlements and infrastructure within
Western Port region to extreme winds, the topography of the landscape is a critical
consideration. Rough landscapes with significant vegetation or buildings tend to retard
the flow of wind and, subsequently, wind speeds. In addition, the tops of hills are
particularly susceptible to high winds, due to the fact that wind speeds generally increase
with altitude and when winds encounter a hill or elevation of the landscape, they are
forced upwards, increasing air flow over the top of the hill. In light of the effects of
topography, the areas of greatest exposure to extreme winds in the Western Port region
are likely associated with areas of relatively high elevation, such as Mornington Peninsula
and Bass Coast, east of Phillip Island.

Housing and infrastructure that lies in at-risk areas for extreme winds are at greater risk of
experiencing damages. Such damages may be direct, such as the toppling of towers,
signs, buildings or utilities by wind gusts. Transportation may also be affected, as Rosetti
(2002) found that extreme winds were the leading cause of environmentally-related rail
accidents / incidents in the United States. However, indirect damages are also a common
occurrence, such as tree falls that land on buildings, infrastructure or utilities.

Other relevant consequences of storm front include lightening and hail. Lightening strikes
are one of the most common causes of bushfire ignition. Therefore, potential changes in
storm events and lightening production have direct implications for bushfire damages.
Meanwhile, damages from hail storms can be substantial, with the 1999 Sydney hail storm
being one of the largest economic disasters in Australian history (Figure 4.23). Modelling
studies suggest climate conditions conducive to hail generation as well as the formation of
east coast lows will become more common in a warmer world (CSIRO and BOM, 2007).
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4.2. Exposure

4.2.1. Methods for exposure assessment

The current study focuses on those areas of the Western Port region that
are likely to be the most vulnerable to inundation and/or flooding during, or
in the wake of, extreme rainfall events.

At-risk areas were identified from geographic data provided by the regional LGAs. For
each LGA, an inundation/hazard layer was constructed based upon land subject to
inundation overlays (LSIO) and/or overland flood areas of varying return periods, which
were imported into a GIS. The current study treated locations associated with both types
of hazards as ‘at-risk areas’, without distinguishing between the two. At-risk areas were
converted to a vector polygon format. As with coastal inundation, these polygon layers
were then used to interrogate a range of geographic data sets. Land areas, census
collection districts, and assets intersecting inundation/flood hazard areas were treated as
potentially exposed and associated populations, infrastructure and assets were
subsequently quantified.

Additional information was sought regarding the potential for changes in extreme rainfall
in each of the Western Port LGAs. Scenarios for changes in extreme rainfall events (1, 2,
4, 12, 24, 48, 72 and 96 hours) in the region were imported into a GIS as 5 km gridded
data layers. Data were subsequently interpolated to approximately 2.5 km grids and
converted to a vector polygon format, with polygons classified into different categories
of extreme rainfall changes: -50 to -25%; -24 to 0%; 0 to +24%; +25 to +49%; and
>+50%. These polygon layers were then used to estimate the percentage of land area in
each LGA that experiences different magnitudes of change in extreme rainfall.
Furthermore, the 2.5 km gridded data for extreme rainfall changes were averaged over
the aforementioned inundation/flood hazard areas in each LGA to estimate extreme
rainfall changes associated with those areas most at risk of inundation or flooding.

As with the storm surge exposure assessment, a number of uncertainties arise from this
analysis. First and foremost, the analysis was based upon the integration of multiple data
sets which were developed in different ways. Errors in the alignment of different data
sources necessitates that results be interpreted with some caution. Furthermore, if any
overlap between an inundation area and a census district, property or road segment
existed, the entire CCD, property or segment was counted as exposed. This invariably
results in an overestimate of the exposure of the population and assets. Hence,
quantitative results should be treated as estimates designed to communicate the
approximate scale of consequences.
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Box 4.9. Key Uncertainties Associated with Inland Flooding Impact
Assessment

1) The modelling methods utilised to generate high resolution simulations of
extreme rainfall limit the exploration of the full range of uncertainty in future
climate conditions reflected by the broad range of global climate models
currently in use. Therefore, the estimated changes in extreme rainfall
simulated as part of this project, while plausible scenarios, should be
interpreted with some caution.

2) While the simulations of changes in extreme rainfall events and return periods
provide information regarding the magnitude and duration of rainfall in future
decades, translating this information into estimates of flooding requires the
use of a hydrological model. Such modelling was not undertaken as part of
this study. Nevertheless, while the magnitude of flooding, its spatial
distribution and its economic implications remain uncertain, it is possible to
conclude with some confidence that the risk of flooding and damages will
increase.

3) The storm systems associated with extreme rainfall events are often
associated with storm surge events as well. Therefore, inland and coastal
flooding is often driven by both of these processes acting in unison. Effects of
such coincident events are not captured in the study, but such interactions
should be kept in mind, particularly where natural drainage features or
infrastructure drain to the coast.

4) The quality of current information regarding at-risk areas, properties,
infrastructure and their value within the Western Port region was an important
constraint on the analysis. Accurate knowledge regarding inundation/flood
risk throughout the region remains incomplete and long-term investments in
flood studies and hydrological modelling will be necessary to develop a
comprehensive understanding. To the extent that future work reveals more
information about the risk at various locations, estimates of future implications
of climate change and flood damages will have to be updated.

5) As with sea-level rise and storm surge impacts, it is difficult to foresee how
future patterns of development will influence the vulnerability of future regional
settlements to flooding. Similarly, it is difficult to foresee how future risk
management decisions may influence the nature of flood hazard.

4.2.2. Exposed areas

Examination of the distribution of inundation/flood hazard in the Western
Port region reveals an extensive area of potential hazard along the north to
northeast extent of Western Port Bay.

This risk is largely driven by the topography of the area, which is low-lying — generally
only a few metres above sea-level (Figure 4.25). The inundation/flood hazard in the area
is perhaps best evidenced by the presence of Koo-Wee-Rup Swamp, a dominant
geographic feature of the area. Though extensively drained over the 20th century, the
low-lying nature of the land makes it susceptible to inundation and flooding.
Furthermore, the fact that much of the land area exposed to inundation/flood hazard is
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continuous with the coastline of Western Port Bay means the area is susceptible to
inundation from both future sea-level rise and extreme rainfall events.

Additional areas of inundation/flood hazard occur throughout the Western Port region in
association with natural drainage features. These may also be susceptible to flooding
during extreme rainfall events as they represent principle conduits for conducting runoff.
For example, a number of hazard locations exist in northern Casey and Cardinia Shire
associated with such natural drainage. Similar hazard areas can be observed along the
Western Port Bay side of Mornington Peninsula and around the Bass River in Bass Coast
Shire. Additional flood hazard is associated with urban development due to the presence
of significant impervious surface that contributes to considerable stormwater runoff. For
example, significant land areas in Frankston are associated with either 20, 50, or 100 year
flood levels. Similarly, much of the northern extent of Phillip Island has been identified
as an urban stormwater management area.

Figure 4.25: Spatial distribution of existing inundation/flood prone areas
within the Western Port region
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Considering the spatial distribution of flood hazard in the context of each Council, it
appears that much of south-eastern Casey and the southern half of Cardinia are associated
with significant inundation/flood hazard. Cardinia in particular is associated with almost
80% of the identified inundation/flood hazard areas in the Western Port region (Table
4.22).
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Table 4.22: Current inundation/flood hazard areas in LGAs of the Western

Port region
LGA Inundation/Flood Hazard Area (km?)®

Bass Coast Shire 18.8

Cardinia Shire 479.4

Casey City 100.1

Frankston City 10.8

Mornington Peninsula Shire 10.2

Total 619.3

® Hazard areas derived from overland flood and land subject to inundation data provided by the five
LGAs in the region.

The implications of exposure to such hazards for settlements and infrastructure are
dependent not simply upon the size of the exposed land area, but upon the ultimate
consequences such flooding may bring. This is largely a function of the density and value
of assets and property that lie within exposed areas. The economic implications of
flooding in a relatively small area of a densely populated urban landscape may be
significantly larger than extensive flooding of a more rural area. As a result, the
implications of flooding in areas such as Frankston or within the Mornington Peninsula
Shire, though perhaps more isolated than that of Casey or Cardinia, could nevertheless
have extensive financial and emergency management implications. These issues are
explored further in subsequent sections.

The spatial extent of inundation/flood hazard areas within the Western Port region have
to be considered within the context of changes in extreme rainfall that will alter the
magnitude and duration of extreme rainfall events that contribute to periodic flooding in
at-risk areas. The projections of changes in patterns of extreme rainfall in Abbs et al.
(2008) indicate significant spatial variability in extreme rainfall changes in the decades
ahead. However, generally extreme rainfall intensities increase over time, particularly by
2070, resulting in a decrease in annual return intervals for events of a given magnitude
(see Abbs et al., 2008). From a risk management perspective, changes in extreme rainfall
may be most critical in those areas that are considered at-risk for inundation and
flooding. Averaging of projected changes in spatial patterns of extreme rainfall events
over just those areas identified as inundation/flood hazard areas provides an indication of
how rainfall in these critical geographic areas may change in the future (Figure 4.26).

This analysis reveals that the inundation/flood hazard areas in Bass Coast and
Mornington Peninsula Shire are exposed to the largest increases in extreme rainfall in
future decades across almost all rainfall durations. Meanwhile, the remaining LGAs see
more mixed results out to 2030, with sizeable increases in rainfall for shorter duration
events but similar sized decreases for longer duration events. Nevertheless, as above, by
2070, increases in extreme rainfall are observed for the inundation/flood hazard areas of
all LGAs in the region. Furthermore, the projected changes are generally quite large — in
excess of 10% in all instances, and frequently in excess of 25% or even 50% depending
upon the LGA and event duration under consideration.

Ultimately, this suggests that the regional trend toward increasing rainfall will directly
affect inundation/flood hazard areas within the region’s LGAs, and significantly increase
the magnitude of surface runoff that must be managed. More explicit understanding of
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the implications of such changes in rainfall for at-risk areas requires the completion of
localised hydrological and flood modelling. Such work was not undertaken as part of
this study. Nevertheless, even the first order comparison of spatial coincidence between
changes in extreme rainfall and at-risk areas suggests an increase in the risk of adverse
consequences to assets and infrastructure within those areas, and the potential for the
expansion of risk beyond historical boundaries.

Figure 4.26: Average percentage change in extreme rainfall events
associated with inundation/flood hazard areas in LGAs of the Western Port
region for 2030 (top) and 2070 (bottom)
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Colour-coded columns for each LGA represent extreme rainfall events of different hourly duration (e.g., 1
hour through 96 hours). Positive values indicate an increase in the intensity of a particular event while
negative values indicate a decrease.
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4.2.3. Exposed populations

Based on existing data, the population estimated in 2006 to be exposed to
inundation/flood hazards in the Western Port region totalled 39,101 or,
roughly, 7% of the entire Western Port population (Table 4.23 and Figure
4.22).

There are some significant uncertainties about this estimate though. In particular, flood
mapping in region is an ongoing process, with significant areas in Bass Coast Shire and
most of the southern and western sections of Mornington Peninsula Shire yet to be
mapped. Thus estimates of exposed properties in those two shires are likely to
substantially understate the true number of properties exposed to flood hazards. In the
other local government areas, on the other hand, there may be a small overestimate of the
true population that occurs within land areas subject to inundation or flood areas due to
differences in scale of property boundaries and inundation/flood hazard areas.

Notwithstanding these uncertainties, the information in Table 4.23 and Figure 4.27
provides some indication of the scale of the exposure of properties and people in the
region to flood hazards.

Table 4.23. Sizes and densities of populations associated with current
inundation/flood hazard areas in LGAs of the Western Port region

Exposed Average Exposed Population
LGA Pro eprti es (#)° Household Population Density
P Size® #)° (#km?)°
Bass Coast 55 2.6 143 6.0
Shire
Cardinia Shire 3,134 2.8 8,775 241
Casey City 3,789 2.9 10,988 243.4
Frankston City 5,725 2.2 19,195 1,003.7
Mornington
Peninsula Shire AL e 280 B
Total 12,907 39,101

a Number of exposed properties estimated from the number of green wedge, residential and rural properties
exposed to inundation/flood.

b Average household size estimated from average household sizes for CCDs in each LGA intersecting with
inundation/flood hazard areas.

¢ Exposed population estimated by multiplying exposed properties and average household size

d Population density estimated from population densities from CCDs in each LGA intersecting with
inundation/flood hazard areas.

Source: ABS 2006 Census

Another point to note regarding exposure estimates is that not all properties exposed to
flood hazard have an equivalent level of exposure. For example, of the residential
properties exposed to flood hazards, perhaps only 40% contain dwellings that are
vulnerable to above-floor flooding. This point is discussed further in section 4.3.
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Figure 4.27: Spatial distribution of existing properties associated with
inundation/flood prone areas within the Western Port region
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These statistics also highlight the importance of the density of population and
development in exposed areas in determining the implications of inundation/flood risk on
settlements. For example, those areas with the largest number of exposed individuals and
dwellings occurred in those areas with the greatest population density (i.e. within Casey
and Frankston City Councils; Figure 4.28). Although Casey was associated with
significant land areas exposed to inundation/flood hazard, the area of exposure within
Frankston was, in comparison, quite small. Nevertheless, Frankston is associated with the
second highest exposure among LGAs in the region, largely due to the high density of
housing and population within exposed areas.

The population exposed to inundation/flood events will undoubtedly change in the future
in response to population growth and migration. For example, population in the five
LGAs of the Western Port region increased by between 12% and 49% between 1996 and
2006. As such, there are more people, dwellings and infrastructure potentially in harm’s
way at present than at any previous time. This trend of increasing exposure will continue
in the future, with further population growth in the region of 45% projected over the next
25 years. As discussed in section 2.4, much of this growth is expected to occur in the
growth corridor through Casey and Cardinia, including some on the fringes of the Koo-
Wee-Rup Swamp. Guidelines are in place for developments within the flood protection
area covering approvals, siting and flood level clearance (Melbourne Water, 2003), but
these may need to be reviewed in light of new climate projections.
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Figure 4.28: Population densities of census districts associated with
existing inundation/flood hazard areas of the Western Port region
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4.2.4. Exposed public infrastructure

In addition to land areas, housing and populations, a range of
infrastructure is also exposed to inundation/flood hazard in the Western
Port region.

Perhaps the most substantial infrastructure distributed throughout the region is that of
transportation, drainage and water networks (Table 4.24, Figure 4.29). Again, such
infrastructure is concentrated where it services more densely populated communities, but
for transportation networks in particular, disruptions even in more sparsely populated
areas can have downstream consequences. For example, disruption of key transport
corridors by flooding can interrupt not only transport and commerce, but also emergency
management.
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Table 4.24: Existing road and rail Infrastructure associated with current
inundation/flood hazard areas in LGAs of the Western Port region

LGA . Road . . Rail . Bridges

(linear km) (linear km) (#)

Bass Coast Shire 16 - 9

Cardinia Shire 942 62 N/A

Casey 309 47 N/A

Frankston City 148 8 26

Mornington Peninsula Shire 128 8 N/A

Total 1,543 125 35

® Data on the locations of road and rail infrastructure provided by the five LGAs in the region

®N/A indicates data not available

Comparison of the geographic distribution of road and rail infrastructure in the Western
Port region with inundation/flood hazard areas identifies those transport corridors that are
potentially at risk. Naturally, the siting of transport infrastructure is often executed with
consideration of hazards such as flooding. Furthermore, flood management plans and
mitigation measures may be implemented to reduce the risk of flooding, such as the
construction of levies or additional drainage channels. Urban areas, in particular, are
associated with complex storm water drainage networks to safely conduct urban
stormwater away from housing and infrastructure. Nevertheless, a total of approximately
1,543 km of road network and 125 km of rail network lie in potential inundation/flood
hazard areas (Table 4.24).

The LGAs most heavily affected are those of Casey City and Cardinia Shire Councils, a
function of the extensive low-lying land areas north of Western Port Bay. This places
most of the road and rail network in the south of these LGAs at potential risk, although
the true nature of the consequence would of course be closely tied to the magnitude of the
flood event. Frankston City and Mornington Peninsula Shire Councils have a more
isolated or concentrated exposure. Transport infrastructure at risk in Frankston includes
the rail network running along the coast in the LGA’s northwest as well as the rail
network in downtown Frankston. A number of bridges in Frankston, including four
associated with the Frankston Freeway were also identified as infrastructure with
potential exposure. In Mornington Peninsula Shire, exposed infrastructure was largely
associated with land areas subject to inundation in the LGA’s northeast along Western
Port Bay and included segments of the rail network leading to Hastings as well as
surrounding roads. In contrast, the largely rural nature of Bass Coast Shire Council
suggests marginal exposure, confined to road infrastructure that transects the Bass River
flood plain including several bridges for the Bass Highway, Korumburra-Wonthaggi
Road and Wonthaggi-Loch Road.

With the exception of Bass Coast, the water, sewer and drainage infrastructure of LGAs
in the Western Port region are generally exposed to significant inundation/flood hazard
arising from rainfall, particularly extreme rainfall events (For Bass Coast, the low
population density combined with the relatively small area associated with
inundation/flood hazard results in only half a kilometre of water infrastructure in harm’s
way. In contrast, the remaining LGAs possess either extensive inundation/flood hazard
areas (e.g., Cardinia and Casey) or have significant population and development densities
in such hazard areas. For example, although a relatively small area within Frankston City

Final Report Page 82



Impacts of Climate Change in the Western Port Region

Council was identified as either land subject to inundation or overland flood areas, a total
of 98.5 linear km of drainage pipes and 2,221 pits were located in these areas, largely due
to the high density of development. Both Casey and Cardinia have over 100 km® of
inundation/flood hazard areas. Hence, dozens of kilometres of drainage lines in Casey
City Council occur within at-risk areas, along with a large number of primary or auxiliary
pits. While Cardinia has four times the hazard area as Casey, because much of this area
lies in rural, undeveloped land, the exposed infrastructure is less than in Casey.

Figure 4.29: Spatial distribution of transportation infrastructure associated
with current inundation/flood prone areas within the Western Port region
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As with the exposure of regional infrastructure to storm surge, a range of other public and
private facilities and infrastructure within inundation/flood hazard areas were evaluated.
The extensive land area that is potentially at-risk of inundation or flooding translates into
a diversity of properties and facilities being vulnerable to flood damage (Figure 4.30,
Table 4.25). For example, sewer and water mains maintained by the region’s water
wholesale and resale suppliers may be compromised during excessive rainfall and flood
events. The Koo Wee Rup and Pakenham treatment plants in Cardinia lie in areas
subject to inundation and flood, as does the treatment plant in Cranbourne. While the
direct exposure of stormwater drainage infrastructure is not particularly problematic,
changes in the dynamics of storm events may increase or decrease the demands on
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drainage infrastructure. This may be particularly problematic if design standards for
infrastructure are exceeded more frequently in a future climate, increasing the likelihood
that drainage capacity is exceeded resulting in flooding. Therefore, climate change may
threaten drainage infrastructure, but it will have implications for the management of
existing infrastructure and, potentially, the design of new infrastructure.

The quantity of facilities at risk is proportional to population and development density,
with downtown Frankston, northwest Casey and the community of Hastings most at risk.
In Hastings, some of the types of facilities exposed include utilities, petrochemical and
other industrial facilities, local government assets and land zoned for education.
Similarly, in Frankston, industrial land, utilities (including part of the Eastern Treatment
plant), educational facilities as well as medical facilities lie in harm’s way. In northwest
(and to a lesser extent southeast) Casey, various industrial lands, electricity and other
utilities, educational facilities, and local government assets are exposed. Cardinia Shire
and Bass Coast Shire Councils had relatively less critical facilities exposed to flooding,
with Cardinia’s exposure largely associated with drainage infrastructure around Koo-
Wee-Rup Swamp. A small area of industrial properties adjacent to the Bass River
northeast of Wonthaggi was identified as being potentially exposed in Bass Coast.

Figure 4.30: Spatial distribution of facilities/infrastructure in the Western
Port region associated with current inundation/flood hazard areas
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Facilities were identified from property descriptions or zone descriptions, depending upon the availability
of information.
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Table 4.25: Existing water, sewerage and drainage infrastructure
associated with inundation/flood hazard areas in the Western Port region®

LGA Exposure
Bass Coast
Water (km) 0.5
Sewer (km) 0.0
Cardinia
Water (km) 87.3
Sewer (km) 58.7
Sewer Pump Stations (#) 12
Drainage Pipes (km) 29.1
Channel Drains (km) 579.6
Pits (#) 891
Casey
Water (km) 137.2
Sewer (km) 129.0
Sewer Pump Stations (#) 11
Drainage Pipes (km) 78.1
Channel Drainage Structures (#) 149
Aux Channels (km) 10.1
Pits (#) 1,997
Aux Pits (#) 27
Aux Drains (km) 1.7
Aux Ponds (#) 1
Retarding Basins (#) 9
Aux Pipes (km) 1.1
Pits (#) 26
Frankston
Water (km) 99.3
Sewer (km) 98.8
Sewer Pump Stations (#) 10
Drainage Pipes (km) 98.5
Pits (#) 2,221
Mornington Peninsula Shire
Water (km) 23.2
Sewer (km) 30.0
Sewer Pump Stations (#) 4
Drainage Pipes (km) 11.3
Pipes not Linked (km) 2.7
Pits (#) 149
Pits not Linked (#) 23

® Data on the locations of water and sewer infrastructure provided by Southeast Water, with the
exception of Bass Coast Shire Council, where data were obtained from the Council. Data for sewer
pump stations in Bass Coast were not available. ® Data on the locations of drainage infrastructure
provided by the five LGAs in the region.

Final Report Page 85



Impacts of Climate Change in the Western Port Region

Exposure of infrastructure to potential inundation or flood does not translate directly into
consequence in the form of increased requirements for infrastructure or increased damage
or maintenance costs to infrastructure or other buildings and assets. Acquiring such data
about consequence requires detailed knowledge about the extent, magnitude, frequency
and duration of flood events (gained through local hydrological modelling) combined
with knowledge of the economic costs associated with infrastructure assets and flood
damages (gained through insurance assessments and historical flood damage events). The
projections for general increases in the intensity of extreme rainfall events in the Western
Port region in the future, particularly in association with existing inundation/flood hazard
areas within LGAs (Figure 4.26), give reasonable cause for concern about increasing risk
of inundation/flood in the region in the future, and, subsequently, increases in costs or
damages associated with infrastructure.

A possibly useful indicator of the potential consequences of changes in extreme rainfall
is the current status of the drainage infrastructure within different locales of Western Port
LGAs. For example, what is the age of the existing infrastructure and does it have excess
capacity to cope with increasing intensities of extreme rainfall events, and how might
future population growth and/or development increase or decrease the vulnerability of
infrastructure? In addition, while detailed assessments of damage consequences in the
Western Port region arising from increased flood risk associated with climate were
beyond the scope of this study, some indicative estimates are provided in the following
section.

4.3. Economic and Social Impacts

The impact of flood events on communities includes damage to residential,
commercial and public properties; infrastructure; the local economy; and
personal and community hardship.

Typically, damage caused by flood events is separated into tangible costs (measurable)
and intangible costs that are real but are difficult to accurately measure (such as stress).
Tangible costs can be further separated between direct and indirect tangible costs. This is
the framework adopted for coastal inundation in the previous section (see section 3.3.1
for a full description of costs).

It is possible to estimate the potential financial impact on communities of tangible
damage caused by flood events. An understanding of the likely change in the intensity
and frequency of flood events associated with climate change could assist our
understanding of changes to these tangible costs associated with climate change.

4.3.1. Direct market costs

Flood damage estimates are often calculated for residential and
commercial buildings and public infrastructure (predominantly buildings,
roads and bridges).

Details of property exposed to flood inundation are set out in the following tables.
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Table 4.26: Value of Bass Coast Shire property exposed to current
inundation/flood hazard (in thousands of $)?

Property Type
Industrial
Residential
Rural
Unspecified
Total

Number
2
3
52
9
66

Site Value®
$ 320
$ 966
$ 35,610
$—
$ 36,896

Capital Improved Value®
$ 889
$ 1,302
$ 43,408
$—
$ 45,599

®Data on property values provided by the five LGAs in the region.
® Market value of land only
“Total market value of the property including land, buildings and all other improvements

Table 4.27: Value of City of Casey property exposed to current
inundation/flood hazard (in thousands of $) ¢

Property Type
Commercial
Industrial
Residential
Rural
Unspecified
Total

Number
72
142
3,533
256
947
4,950

Site Value®
$ 47,978
$ 67,466

$ 880,944
$ 187,852
$ —

$ 1,184,239

Capital Improved Value®
$ 71,956
$ 116,327
$ 1,306,886
$ 225,401
$—
$ 1,720,569

®Data on property values provided by the five LGAs in the region.
¢ Market value of land only
® Total market value of the property including land, buildings and all other improvements

Table 4.28: Value of Mornington Peninsula Shire property exposed to
current inundation/flood hazard (in thousands of $) ?

Property Type
Commercial
Industrial

Private
Infrastructure ®

Residential
Rural
Unspecified
Total

Number
20
27

6
182
22
699
956

Site Value®
$ 27,700
$ 110,294

$3,772
$ 114,668
$ 59,434
$—
$ 315,868

Capital Improved Value®

$ 32,554
$ 205,610

$ 4,686
$ 137,752
$ 59,869
$—
$ 440,471

®Data on property values provided by the five LGAs in the region.

® Includes transport, communication, utilities, and storage infrastructure

¢ Market value of land only
“Total market value of the property including land, buildings and all other improvements
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Table 4.29: Value of Frankston City property exposed to current
inundation/flood hazard (in thousands of $)?

Property Type b
Business

Conservation and
Resource

Floodway
Green Wedge
Industrial
Public Use
Residential
Road

Special Use
Total

Number
551

21
3
5
603
130
5720
3
2
7,038

Site Value®
$ 92,461

$2,673

$ 348

$ 665
$ 78,193
$ 18,972
$ 810,864

$ 688

$ 235

$ 1,005,098

Capital Improved Value®
$ 159,003

$5,218
$ 665
$ 1,050
$ 143,761
$ 32,685
$ 1,449,155
$ 1,045
$ 455
$ 1,793,035

®Data on property values provided by the five LGAs in the region.
b Property types determined by the associated planning zone in which they were located
¢ Market value of land only
¢ Total market value of the property including land, buildings and all other improvements

Table 4.30: Value of Cardinia Shire property exposed to current
inundation/flood hazard (in thousands of $)?

Property Type"
Business

Conservation and
Resource

Development
Floodway
Green Wedge
Industrial
Mixed Use
Public Use
Residential
Road

Rural

Special Use
Total

Number
366

44

3
1
1746
264
18
281
1115
9
273
696
4,816

Site Value®

$ 58,746
$ 8,195

$335

$ 339
$ 340,286
$ 40,258

$4,010
$ 60,993
$ 284,025

$ 1,409
$ 70,804
$ 134,882

$ 1,004,282

Capital Improved Value*®
$ 96,819

$ 15,750

$ 569
$ 354
$ 540,842
$ 60,756
$ 5,919
$ 89,882
$ 392,541
$ 2,701
$ 102,265
$ 213,270
$ 1,521,667

®Data on property values provided by the five LGAs in the region.
b Property types determined by the associated planning zone in which they were located
°Market value of land only ¢ Total market value of the property including land, buildings and all other

improvements
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Private property — residential

The generally accepted approach to costing the impacts of natural disasters to private
property is to include costs of damage to buildings and other infrastructure but not loss of
land value. The assumption underlying this approach is that the risk of building on
vulnerable land (e.g. flood prone land) is reflected in the price paid for that land and if
the price of land declines subsequent to a disaster such as a flood, the change merely
reflects more accurate knowledge of the risks of building on that site (BTE, 2001;
Handmer, 2003). As discussed in Chapter 3 (section 3.3.1), this rule may not hold for
coastal inundation, which feasibly could result in actual loss of land. It is more likely to
hold for flood and bushfire prone land though®. Thus damage cost estimate discussed
below focus on the impacts of flooding on buildings and other infrastructure.

For residential and commercial buildings, direct flood damage cost estimates are
typically based on the level of flood inundation above ground and floor level. Usually,
damage costs are estimated using ‘stage-damage curves’, which represent the relationship
between expected loss and varying depths of flood water. The use of these curves has
been subject to significant critique, since the curves can disguise enormous variation in
individual cases and do not account for intangible losses (Handmer, 2003). Nevertheless,
they are the most commonly used approach to flood loss assessment at present. Ideally,
stage-damage curves will reflect local conditions and building types or, failing that, be
based on previous local flood damage studies. Where this data is lacking, the Australian
National University’s computer model ‘ANUFLOOD’ is generally accepted as best
practice for stage damage curves. For a full assessment, the following data would be
required:

* Individual building size of all affected buildings (to categorise into small, medium,
large);

= Ground and floor heights for affected buildings;

= Current flood heights associated with different flood events (1:10yr, 1:50yr, 1:100yr,
1:200yr, 1:500yr, Probable Maximum Flood height);

= the same data again for years 2030 and 2070;

This information is not available for this study. However, based on the number of
properties identified as being exposed to flooding, it is possible to demonstrate potential
flood damage costs and potential changes to these associated with climate change.

Figure 4.31 demonstrates the relationship between flood height above floor level and
damage cost in a medium-sized residence. As the water reaches floor level and above,
damage costs first rise steeply, and then as flood height exceeds one metre, damages
begin to level out. Maximum damage is estimated at around 1.7 m, after which damage
costs are fairly static. As can be imagined, a flood exceeding floor height by 1.7 m is
catastrophic and further flooding typically does not advance the damage.

¥ Arguably, climate change creates uncertainty about the applicability of this rule to flood and
bushfire prone land. The issue is discussed further in section 8.1.
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Figure 4.31: Flood Damage Curve for Medium-sized Residential House
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Source: Authors’ analysis based on ANUFLOOD data.

The number of affected dwellings is based on property data in Tables 4.26 to 4.30 above.
A recent Melbourne Water study™ found that a 1:100 ARI flood®! event caused above-
floor flooding on 15 per cent of properties identified as being affected by the flood in
‘riverine’ (rural) areas. The same study found a proportion of 45 per cent for overland
flow (urban) areas. To establish the number of dwellings potentially affected by above
floor flooding in the Western Port region, we have applied the same proportions to the
number of residential and rural properties identified in Tables 4.26 to 4.30, using an
average of the two (30 per cent) for ‘green wedge’ properties.

3 Melbourne Water, 2007. Port Phillip and Westernport Region Flood Management and Drainage
Strategy.
1 1:100 ARI flood refers to a flood event which is expected to have an average return interval

(ARI) of one hundred years. That is, a flood of this size would occur on average every one
hundred years.
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Estimated damage costs are based on previous MJA work and using the ANUFLOOD
methodology. In the absence of data, to do this illustrative example we made a number of
simplifying assumptions, including:

= all affected buildings are of medium size;

= all buildings are affected at a uniform level of inundation per flood event (i.e. they all
have the same floor heights and the flood reaches the same height at each building);

= we assume no further buildings will be affected by flood under climate change
scenarios (but provide sensitivity analysis at 10 percent more and 50 per cent more);

= costs are based on ANUFLOOD flood events with above-floor flood heights of:

R1 = 0m (at floor level)

R2 = 0.1 m (above floor level)
R3 = 0.6 m (above floor level)
R4 = 1.5 m (above floor level)
R5 = 1.8 m (above floor level)

The effects of climate change on flood heights will depend on individual circumstances,
as an increase in rainfall intensity will have site-specific impacts. The Melbourne Water
climate change study used a case study from the outer eastern suburbs of Melbourne
(CSIRO and Melbourne Water, 2005), which found that a 20% increase in intensity of a
2-hour 1 in 100 year rainfall event will result in an increase in flood heights of only a few
centimetres. This analysis finds that rainfall intensity will increase by 75 to 100% in
some Western Port region catchments to 2070.

As such, for the 2030 flood damage estimates, we make the simple assumption that flood
heights rise uniformly by 5 cm across each flood event (1-5). For the 2070 flood damage
estimates, we increase the flood heights by a further 5 cm, resulting in a total increase of
10 cm relative to present day. This is an indicative analysis only, and a site-specific
study would need to be undertaken to establish the actual estimates for each council area.

Frankston and Casey City Councils are identified as having the largest number of
residential properties currently exposed to flooding in the Westernport region. For this
reason, the indicative costs of damages to dwellings of flood events in these areas are
notably higher than in other councils (Table 4.31). In Frankston, for example, damage
costs for a flood reaching the floor height of all affected properties is $7.6m, or $16.1m if
climate change increases flood heights by 10 cm by 2070. A severe flood, averaging
flood heights of 1.8 m above floor heights would cause indicative damage of $55.8m in
current terms, and marginally more if climate change increases flood heights by a further
10 cm. ™,

32 At a flood depth of 1.8 m, damage would be catastrophic. An increase of 10 cm would be unable to cause

substantially more damage.
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Table 4.31: Indicative residential flood damage estimates (in thousands of $)

Bass Coast Shire Cardinia Shire City of Casey
Flood type
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
R1 27 41 54 3,130 4,739 6,261 4,780 7,238 9,562
R2 54 66 77 6,261 7,697 9,049 9,562 | 11,755 | 13,820
R3 147 153 158 17,111 | 17,809 | 18,447 | 26,133 | 27,200 | 28,174
R4 195 195 196 22,748 | 22,806 | 22,858 | 34,743 | 34,831 | 34,911
R5 198 198 199 23,094 | 23,178 | 23,280 | 35,272 | 35,400 | 35,556
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
R1 7,563 11,452 15,129 250 379 500
R2 15,129 18,598 21,866 500 615 723
R3 41,346 43,034 44,576 1,367 1,423 1,474
R4 54,968 55,107 55,234 1,818 1,822 1,827
R5 55,804 56,008 56,254 1,846 1,852 1,860

Source: Authors’ analysis based on ANUFLOOD. Assumes average building size, uniform flood levels and
no increase in the number of affected houses in 2030 and 2070. ‘Flood type’ relates to ANUFLOOD at
increasing above floor flood heights

A more detailed assessment may be warranted to accurately assess flood damage
estimates in these areas, especially if further developments in flood prone areas are
planned or considered likely. The above table assumes no growth in the number of
dwellings affected by flood to 2030 and 2070. However, the number of dwellings may
increase for two main reasons:

= the increase in flood heights expands the flood affected area to include houses
previously unaffected by flood; and

= population growth results in new developments within the existing flood plain,
increasing the number of affected dwellings.

Increases in the number of affected dwellings are dependent on the size and location of
future housing developments, and would therefore be unlikely to grow in line with
Melbourne 2030 projections of housing growth. This is because only housing growth in
flood-affected areas would be affected by flood events. Information relating to the
particular circumstances of each Council area can inform which scenario best fits Council
expectations for growth in affected residential dwellings.

The following sensitivity analysis is provided based on increases in affected residential
properties of 10 and 50% to 2030, and again to 2070 (Tables 4.32 and 4.33).
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Table 4.32: Sensitivity analysis of residential flood damage estimates — housing
growth of 10% to 2030 and 2070 (in thousands of $)

Bass Coast Shire Cardinia Shire City of Casey
Flood type
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
R1 27 45 65 3,130 5,213 7,576 4,780 7,962 | 11,570
R2 54 73 94 6,261 8,467 | 10,949 9,562 | 12,931 | 16,723
R3 147 168 191 | 17,111 | 19,590 | 22,321 | 26,133 | 29,920 | 34,091
R4 195 215 237 | 22,748 | 25,086 | 27,658 | 34,743 | 38,314 | 42,242
R5 198 218 241 | 23,094 | 25,496 | 28,169 | 35,272 | 38,940 | 43,022
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
R1 7,563 12,597 18,306 250 417 605
R2 15,129 20,458 26,457 500 677 875
R3 41,346 47,337 53,936 1,367 1,566 1,784
R4 54,968 60,618 66,833 1,818 2,005 2,210
R5 55,804 61,608 68,067 1,846 2,037 2,251

Source: Authors’ analysis based on ANUFLOOD. Assumes 10 per cent growth in affected properties to
2030, and a further 10 per cent growth to 2070.

Table 4.33: Sensitivity analysis of residential flood damage estimates —
housing growth of 50% to 2030 and 2070 (in thousands of $)

Flood type Bass Coast Shire Cardinia Shire City of Casey
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 2070
R1 27 61 214 | 3,130 | 7,109 | 25,044 | 4,780 | 10,858 38,250
R2 54 99 310 | 6,261 | 11,545 | 36,195 | 9,562 | 17,633 55,281
R3 147 229 632 | 17,111 | 26,714 | 73,789 | 26,133 | 40,800 [ 112,697
R4 195 293 783 | 22,748 | 34,208 | 91,433 | 34,743 | 52,246 | 139,644
R5 198 298 797 | 23,094 | 34,768 | 93,121 | 35,272 | 53,100 | 142,222
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
R1 7,563 17,178 60,516 250 568 2,001
R2 15,129 27,898 87,462 500 923 2,893
R3 41,346 64,551 178,302 1,367 2,135 5,897
R4 54,968 82,660 220,936 1,818 2,734 7,307
R5 55,804 84,012 225,015 1,846 2,778 7,442

Source: Authors’ analysis based on ANUFLOOD. Assumes 50 per cent growth in affected properties to
2030, and a further 50 per cent growth to 2070.

Final Report

Page 93




Impacts of Climate Change in the Western Port Region

Private property — commercial

A similar illustrative estimation process can be undertaken for commercial (or business)
property. One difference between residential and commercial estimation methodologies
is that commercial damage costs are based on the type of business. Again, without
detailed data we must make several simplified assumptions:

= 100% of commercial properties are affected by flooding;
= commercial buildings are medium-sized,

= we assume an average of ‘low’ and ‘medium’ class properties® as a basis for
damage costs;

= flood types are based on ANUFLOOD flood heights at:

C1=0.25m (above floor level)
C2 =0.75m (above floor level)
C3 = 1.25m (above floor level)
C4 = 1.75m (above floor level)

As with residential estimates, for the 2030 estimates we assume an increase of 5 cm for
each type of flood event (1-4). We assume a further 5 cm increase in flood heights per
affected property to 2070. The results are provided in Table 4.34.

Table 4.34: Indicative commercial flood damage estimates (in thousands of
$) in response to potential increases in future flood heights

Flood type Bass Coast Shire Cardinia Shire City of Casey
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
C1 0 0 0| 8,769 | 9,493 | 10,412 1,725 1,867 | 2,048
C2 0 0 0| 21,229 | 22,656 | 24,038 | 4,176 | 4,457 | 4,729
C3 0 0 0 | 32,305 | 32,927 | 33,460 | 6,355 | 6,477 | 6,582
C4 0 0 0 | 35,767 | 36,041 | 36,382 | 7,036 | 7,090 7,157
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
C1 13,201 14,291 15,674 479 519 569
C2 31,960 34,108 36,188 1,160 1,238 1,314
C3 48,635 49,570 50,373 1,765 1,799 1,828
C4 53,846 54,259 54,772 1,954 1,969 1,988

Assumes average building size, uniform flood levels, average damage cost between ‘low’ and ‘medium’ class
properties, no increase in affected buildings to 2030 and 2070.

As with residential properties, it is possible that higher floods arising from increased
rainfall intensities will increase the number of commercial properties affected by flood.
Given this, we provide a sensitivity analysis of increases to affected properties by 10 and
50% to both 2030 and 2070 (Table 4.35, Table 4.36).

33 Commercial properties are categorised by class, ranging from ‘very low’ (such as florists and newsagents)
through to ‘very high’ (such as electronics and pharmaceuticals). Most commercial properties are between
‘very low’ and ‘high’, so for this simplified illustration we assume an average of between ‘low’ and

‘medium’.
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Table 4.35: Sensitivity analysis of commercial flood damage estimates —
10% increase in affected buildings in 2030 and 2070 (in thousands of $)

Flood type Bass Coast Shire Cardinia Shire City of Casey
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
C1 0 0 0 8,769 | 10,442 | 12,598 1,725 2,054 2,478
Cc2 0 0 0 | 21,229 | 24,922 | 29,086 4,176 4,903 5,722
C3 0 0 0 | 32,305 | 36,219 | 40,487 6,355 7,125 7,965
C4 0 0 0 | 35,767 | 39,646 | 44,022 7,036 7,799 8,660
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
C1 13,201 15,721 18,966 479 571 688
Cc2 31,960 37,519 43,788 1,160 1,362 1,589
C3 48,635 54,527 60,951 1,765 1,979 2,212
C4 53,846 59,685 66,274 1,954 2,166 2,406

Assumes average building size, uniform flood levels, average damage cost between ‘low’ and ‘medium’ class
properties, 10 per cent increase in affected buildings in 2030 and 2070.

Table 4.36: Sensitivity analysis of commercial flood damage estimates —
50% increase in affected buildings in 2030 and 2070 (in thousands of $)

Flood type Bass Coast Shire Cardinia Shire City of Casey
2007 | 2030 | 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
C1 0 0 0 8,769 | 14,240 | 23,426 1,725 2,801 4,608
Cc2 0 0 0 | 21,229 | 33,984 | 54,085 4,176 6,685 | 10,640
C3 0 0 0 | 32,305 | 49,390 | 75,285 6,355 9,716 | 14,810
C4 0 0 0 | 35,767 | 54,062 | 81,860 7,036 | 10,635 | 16,104
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
C1 13,201 21,437 35,267 479 778 1,280
Cc2 31,960 51,162 81,424 1,160 1,857 2,955
C3 48,635 74,355 113,339 1,765 2,699 4,114
C4 53,846 81,389 123,237 1,954 2,954 4,473

Assumes average building size, uniform flood levels, average damage cost between ‘low” and ‘medium’ class
properties, 50 per cent increase in affected buildings in 2030 and 2070
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Public infrastructure

As previously discussed, public infrastructure is also affected by flooding. Infrastructure
affected includes:

= roads and transport infrastructure (including bridges);

= parks and recreational facilities;

= government buildings including schools, hospitals, police and fire stations;
= water, sewerage and drainage infrastructure; and

* communications networks.

Earlier studies, including CSIRO, Maunsell, and Phillips Fox (2007), suggest that the
public infrastructure most at risk from flooding include drainage and sewerage
infrastructure and transport infrastructure (in particular roads and bridges), with risks
arising from degradation of materials and structural fatigue. Without information on
changes to the frequency and intensity of future flood events in the region, it is not
feasible to estimate future damage costs to this infrastructure for 2030 and 2070. Also,
the composition of impacts will depend significantly on local factors. However, Table
4.37 below provides an indicative estimate of the extent of damage costs to transport
infrastructure, based on current exposure, that could result from a severe future flood
affecting exposed roads and bridges. Damage costs include initial repairs and also
reduction in the lifetime of the infrastructure.

Table 4.37: Indicative current flood damage costs to transport
infrastructure (in thousands of $)

Mornington
Bass Coast Cardinia Casey Frankston Peninsula
Shire
Roads 665 39,168 12,848 1,081 5,322
Bridges 91 0 0 263 0

Assumptions: road damage cost estimates are based on initial repair (the average between major and minor
sealed road and subsequent deterioration ($42,000/km); bridge repair based on average between major and
minor bridge ($10,100/bridge). Values taken from Read Sturgess & Associates (2000) and adjusted to 2000
dollars.

4.3.2. Indirect market impacts

As noted in previous sections, indirect market impacts include loss of
production and disruption to services, emergency response and clean up
costs.

Indirect damages associated with flood inundation are commonly estimated as a
proportion of direct damage. The ANUFLOOD model recommends the following
proportions:

= Indirect residential damages: 15% of direct residential damages

= Indirect commercial damages: 55% of direct commercial damages.
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The estimate of indirect damages to residential and commercial properties is
found in Table 4.38 and

Table 4.39.

Table 4.38: Indirect damage costs to residential property in response to

potential increases in future flood heights (in thousands of $)

Bass Coast Shire Cardinia Shire City of Casey
Flood type
2007 | 2030 | 2070 | 2007 2030 | 2070 2007 2030 | 2070
R1 4 6 8 469 711 939 717 | 1,086 | 1,434
R2 8 10 12 939 | 1,155 | 1,357 | 1,434 | 1,763 | 2,073
R3 22 23 24 | 2,567 | 2,671 | 2,767 | 3,920 | 4,080 | 4,226
R4 29 29 29 | 3,412 | 3,421 | 3,429 | 5,211 | 5,225 | 5,237
R5 30 30 30 | 3,464 | 3,477 | 3,492 | 5,291 | 5,310 | 5,333
Frankston City Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
R1 1,134 1,718 2,269 38 57 75
R2 2,269 2,790 3,280 75 92 108
R3 6,202 6,455 6,686 205 213 221
R4 8,245 8,266 8,285 273 273 274
R5 8,371 8,401 8,438 277 278 279

Source: Authors’ analysis

Table 4.39: Indirect damage costs to commercial property in response to

potential increases in future flood heights (in thousands of $)

Bass Coast Shire Cardinia Shire City of Casey
Flood type
2007 | 2030 [ 2070 | 2007 | 2030 | 2070 | 2007 | 2030 | 2070
C1 0 0 0 4,823 5,221 5,726 949 1,027 1,126
Cc2 0 0 0| 11,676 | 12,461 | 13,221 2,297 2,451 2,601
C3 0 0 0| 17,768 | 18,110 | 18,403 3,495 3,563 3,620
C4 0 0 0( 19,672 | 19,823 | 20,010 3,870 3,900 3,936
Frankston City Council Mornington Peninsula Shire
Flood type
2007 2030 2070 2007 2030 2070
C1 7,261 7,860 8,621 264 285 313
Cc2 17,578 18,759 19,904 638 681 722
C3 26,749 27,263 27,705 971 990 1,006
C4 29,615 29,843 30,125 1,075 1,083 1,093
Source: Authors’ analysis
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4.3.3. Non-market costs (intangible costs)

Non-market (or ‘intangible’) costs can be divided into direct and indirect
costs.

Direct costs relate to:

= health costs (including death, injury and water-borne diseases associated with
disruption to sewerage and water services);

= Joss of natural and cultural assets; and

= loss of personal memorabilia.

Indirect costs include:
=  emotional stress;
= social disruption and isolation; and

= the loss of recreational opportunities.

Not only are these elements difficult to measure as a result of an actual flood, they differ
between similar events based on particular circumstances, such as forewarning, time of
year and duration. Flash flooding, for example, which may occur with little warning to
those in affected areas, is likely to pose a greater threat to life than floods that have some
forewarning.

In relation to health impacts, Reed Sturgess & Associates (2000) suggest that in the
absence of data on all of relevant variables, the most significant determinant of the size of
the likely impact of flooding on human health is the size and density of the resident
population ‘at risk’. Based simply on these variables therefore, the exposed areas that
may be at greatest risk in terms of human health are likely to be in Frankston City. In
general terms though, the long term risk to human health and mortality from flooding in
the region may well be less than from bushfires (see Chapter 5) and substantially less
than from extreme temperatures (see Chapter 6).

Nevertheless, the health impacts and other intangible costs of future flooding in the
region should not be dismissed. A number of Australian and overseas studies into the
severity of different impacts of flooding suggest that, qualitatively, affected households
generally rate the intangible costs of flooding including: health effects, stress and worry,
disruption to services and day-to-day life as well as loss of memorabilia; as greater than
the tangible impacts such as damage to their house and contents (reported in BTE, 2001).

Final Report Page 98



Impacts of Climate Change in the Western Port Region

4.4. Summary of Potential Implications of Exposure to Inundation/Flood Hazard in the Western Port Region

Bass Coast

e Approximately 18.8 km? lie in inundation/flood prone areas, particularly land areas associated with the Bass River flood plain

Cardinia | e« Approximately 479.4 km? lie in inundation/flood prone areas, particularly southern Cardinia and Koo Wee Rup swamp
Casey | ¢ Approximately 100.1 km? lie in inundation/flood prone areas that are distributed widely throughout the LGA, but concentrated in the southeast
Frankston | e Approximately 10.8 km? lie in inundation/flood prone areas, particularly the LGA’s northwest and the city centre
MPS* | e Approximately 10.2 km? lie in inundation/flood prone areas, particularly the Western Port Bay coastline
Bass Coast | * An .estimate.d 143 current residents in 55 dwell!ngs .Iive in inundation/flood hazard areas. Particular atjris.k populations include rural households
at risk of being isolated by flood-waters, especially if they are comprised of low-income and/or elderly individuals.
Cardinia An estimated 8,.775 currgnt .residents in 3,134 dwellings Iiv<_a in ipundation/flood h_azard areas. Particular at-risk po_pul_at_ions include rural
households at risk of being isolated by flood-waters, especially if they are comprised of low-income and/or elderly individuals.
Casey ¢ An estimated 1_0,988 cgrrept residents in 3,789 dwellings live in inupdatign/flood_hazard areas. Particular at-risk populations include rural
households at risk of being isolated by flood-waters and dense populations in low-lying areas.
Ferlann | © An estimated 19195 current residents in 5,725 dwellings live in inundation/flood hazard areas. Those at greatest risk include low-income
and/or elderly individuals.
Mornington ¢ An estimated 530 currgnt residents in 204 dwellings Iivg in inundation/flqod hazard areas. Retiree communities in the south around Portsea
and Sorrento and low-income households around Hastings may be particularly vulnerable.
Bass Coast | * $9 million of property improvements exposed to inundatio.n/flood hazard, particularly rural properties adjacent to Bass River flood plain.
Damage costs from extreme rainfall events and flooding likely to rise.
Cardinia | ® $536 million of property improvements exposgd to inundation/flood Ihazgrd, such_ as rural properties in the LGA’s south and within Koo Wee
Rup Swamp. Damage costs from extreme rainfall events and flooding likely to rise.
Casey . $44 miIIi.on of prope.rt.y improvements exposed to inundation/flood ha_zard, particularly in thg LGA's southeast and more densely developed
residential communities in the north. Damage costs from extreme rainfall events and flooding likely to rise.
Frankston | e $788 million of property improvements exposed to inundation/flood hazard, particularly the LGA’s northwest and the city centre
MPS | $125 million of property improvements exposed to inundation/flood hazard. At-risk areas include the Western Port Bay communities such as
Hastings, Crib Point and Shoreham. Damage costs from storm events and loss of property value due to erosion and inundation likely to rise.
Bass Coast | * 16 km of road network (including 9 bridges) exposed to inundation/flood hazard, and maintenance costs likely to rise
¢ 0.5 km of the water network is also exposed to flood hazard.
Caraiie | © 942 km of road network and 62 km of rail network exposed to inundation/flood hazard, and maintenance costs likely to rise
e 57 km of water mains, 59 km of sewer mains and 579.6 km of channel drains are exposed to flood hazard.
¢ 309 km of road network and 47 km of rail network exposed to inundation/flood hazard, and maintenance costs likely to rise
Casey ¢ 137 km of water mains and 129 km of sewer mains are exposed to flood hazard. 11 sewer pump stations are exposed.
e Electricity utilities and educational facilities in the northwest are exposed
e In the southeast, Harwood Aerodrome east of Tooradin is exposed
Frankston | e 148 km of road network (including 26 bridges) and 8 km or rail network exposed to inundation/flood hazard, and maintenance costs likely to
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rise
* 99 km of water mains and 99 km of sewer mains exposed are exposed to flood hazard. 10 sewer pump stations are exposed.
¢ Various educational facilities and medical centres are exposed
* 128 km of road network and 8 km of rail network exposed to inundation/flood hazard, and maintenance costs likely to rise
e 23 km of water mains and 30 km of sewer mains are exposed to flood hazard. 4 sewer pump stations.
o Industrial infrastructure around Hastings

¢ Flood risk largely a threat to rural productivity and commerce but may also affect access to regional service centres and therefore markets for
goods and services

¢ Extensive inundation/flood hazard areas pose significant challenges to regional commerce, including road and rail transport within and through
the LGA. Rural production enterprises also likely to be directly affected by flood events.

e Exposure of townships throughout the LGA pose risks to a broad array of business activities, from service and tourism to industry and
manufacturing. Disruption of transport, interruption of business activities, and direct flood damages are possible adverse effects facing
businesses.

¢ Businesses in the Frankston CAD may experience direct flood damages and business interruptions associated with urban flooding. Disruption
of road and rail network may also affect business indirectly by disrupting commutes of staff and consumers.

o Operations at industrial facilities at Hastings could be disrupted by flood events, with not only local but also regional to national implications.

¢ Flood events represent a potential threat to human health, particularly flash flooding which may occur with little warning to those in affected
areas. Threats to human health are likely to be maximised where the size and density of exposed populations are greatest. The disruption of
water and sewerage services by flood events also poses risks for water-borne disease.

e Stress, disruption and loss of memorabilia are difficult to quantify. To people who have been impacted by floods these often constitute a
greater ‘cost’ than damages to property.

e Temporary disruption of recreational facilities and their access is likely during flood events. However, there is a relatively low risk associated
with the permanent loss of amenity arising from flood events, provided flood events are sufficiently infrequent to enable a particularly use or
activity to be sustained.

*MPS - Mornington Peninsula Shire
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5. IMPACTS ASSOCIATED WITH CHANGES TO FIRE
WEATHER CONDITIONS

Chapter Summary

o Bushfires represent a critical natural hazard within Southeast Australia,
threatening humans, buildings and infrastructure as well as the natural
environment.

e Over 700 km® of the Western Port region are designated bushfire prone
areas, although the magnitude and distribution of such areas vary
significantly among the region’s five LGAs.

o Warmer and drier average conditions in the Western Port region are
projected to increase the frequency with which the region experiences
‘very high’ and ‘extreme’ fire weather conditions in coming decades.

o Approximately 35,000 predominately residential properties with a capital
improved value of almost $8 billion are vulnerable to bushfire events, as
are a number of critical transport routes, electrical utilities, industries and
public services.

o Bushfire events are also associated with significant indirect costs
including disruption of transport, business and commerce, utilities and
communications not to mention the potential for injury and death or the
devastation of natural areas.

5.1. Bushfire** in Western Port: The Issues

5.1.1. Bushfire risk in Victoria and the Western Port region

Bushfires are a major economic, social and environmental hazard in
Australia. Between 1967 and 1999 they cost the Australian economy
around $2.5 billion (Allen Consulting, 2005).

From 1960 to 2001, there were 224 fire-related deaths and 4,505 injuries in Australia
(McMichael et al., 2003). In Victoria, bushfire is second only to floods as the largest
driver of natural disaster-related economic damages (BTE, 2001). The 1983 Ash
Wednesday bushfires represent one of the worst bushfire events in the State’s history,
with communities in the present Shire of Cardinia being amongst the worst affected.
However, numerous other parts of the Western Port region have been affected by
bushfire in recent history (see Box 5.1).

As with other types of climate hazards, the risk of bushfire to human settlements and
infrastructure in the Western Port region is not so much the fire itself, but the extent to
which people, housing and infrastructure are exposed to such fire. Historically, urban
development was often surrounded by a cleared rural buffer, largely comprised of
agricultural lands. Today, development is increasingly moving outward into native

** The term ‘bushfire’ is the designated term in this report for all wildfires, including forest and
grass fires.
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vegetation and bushland areas (Australian Standards, 1999). This has increased the
number of people and housing within bushfire prone areas, resulting in a greater risk of
exposure and harm. Continuation of this trend of encroaching development on bushland
could further increase exposure in some areas of the Western Port region in the future.
However, the land clearance associated with urbanisation also means that bushfire risk in
some areas will decline as a rural to peri-urban landscape is transformed into an urban
one™.

Box 5.10. Major Bushfires in the Western Port Region
Red Tuesday 1898

A wildfire spread through the Mornington Peninsula in early February 1898 destroying
thousands of acres of grassland and killing thousands of sheep and cattle. Main Ridge,
Red Hill, Balnarring and Sandy Point were all alight, and the fire reached the northern
border of Hastings. Eleven people lost their lives in the fire. An appeal raised 1,600
pounds to support the fire victims who lost homes, fencing and stock. (Cole, 1974).

The smoke from the bushfires was so dense between Cape Shank and Cape Otway
on the Monday that the movement of ships was seriously interfered with. Fog signals
and blowing of whistles was kept up almost continuously.

Bushfires have been raging in this district since Saturday last and roughly speaking
the whole of the peninsular from Sandy Point to Cape Shank seems to be ablaze.
...The fires have now such a hold that nothing but a break in the weather can stop
them. Seldom, if ever has the vegetation been as so dry as present, and the
changeable winds cause the flames to spread with great rapidity.*®

A month later another grass fire threatened the settlement at Mount Martha. The butter
industry was almost forced to close down due to both the fire and the drought, which
gripped most of south eastern Australia during this period.

Black Tuesday 1944

Victoria experienced the worst grass fires in its history in 1944 following a season of good
winter rains and a dry spring (Luke & McArthur, 1978). Over a million hectares of land
were burnt out. On the Mornington Peninsular the lucrative orchard industry was under
threat, and at Somerville the fire destroyed the Horticultural Hall (Graeme Butler and
Associates, 2001). Part of William Murdoch’s Cruden Farm garden in Langwarrin was
burnt out (Graeme Butler and Associates, 1997).

Ash Wednesday 1983

One hundred and eight bushfires broke out across Victoria on 16 February, 1983. They
were fanned by winds of over 100 km an hour, low humidity and a maximum temperature
in Melbourne of 42°C. Victoria was also suffering severe drought conditions at the time.
In the town of Cockatoo (Cardinia Shire), 1,800 hectares were burnt out, 307 homes lost

3> This is borne out by research indicating a strong correlation between bushfire risk and proximity
of properties to bushland (Chen & McAneney, 2005).
3% The Mornington Standard, February 3, 1898.
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and much of the town’s infrastructure destroyed including the school, fire station and
shopping strip. Eighty percent of Upper Beaconsfield (Cardinia Shire), including the
shops and school, was also destroyed. Property losses there included 238 homes, and
9,200 hectares of bush and farmland (CFA, 2007b, Emergency Management Australia,
2007). Avonsleigh and Gembrook were also threatened. Residents were evacuated to
schools and shopping centres, many left with only the possessions they were carrying.
The human cost of this fire was high. Twenty people died in the Upper Beaconsfield fire,
including twelve CFA volunteers, and six in Cockatoo.

‘I've never been so scared. There was fire on all sides and | didn’t know
where to go.” Michael Richardson, Upper Beaconsfield.*’

‘The most frightening thing was the sound of the exploding gas bottles as
the fires hit homes. It sounded like a battle’. Mr Halliway, Cockatoo.*®

Mornington Peninsula 1997

Heatwave conditions, with temperatures above 40°C and winds of 70 kilometres per
hour, created wildfire conditions between 19 and 21 January 1997. A total of 250 wildfires
burnt in Victoria on 21 January. That Monday saw the evacuation of hundreds of people
on the Mornington Peninsular where Mount Martha, Safety Beach, Langwarrin and
Arthurs Seat were threatened by grass fires. Fire trucks were transported on the
Queenscliff Ferry to protect Arthurs Seat. Two homes were destroyed in Mount Eliza.*

A broad range of factors contribute to the risk of ignition and spread of bushfire across a
landscape, its rate of movement, and the intensity with which it burns. Fuel loads are
obviously a key driver. For example, bushfire prone areas in Victoria are largely
designated based upon the identification of significant vegetation areas by remote sensing
(SAI Global, 2005), in consultation with local government and fire management officials.
Hence, the most hazardous bushfires tend to occur around the fringes of development,
where significant human communities and infrastructure are present, but where there is
also significant native and modified vegetation to fuel bushfires. Fire ignition has also
been correlated with access of people to bushfire prone areas (Brooks and Esque, 2002),
as humans are one of the core factors contributing to fire ignition.

Other factors, however, also contribute to bushfire severity and risk. For example,
research regarding fire dynamics indicates that bushfires spread more quickly and burn
more intensely on upward slops than on flat landscapes (Bradstock et al., 1998; Brooks et
al., 2004; Erten et al., 2004), and, conversely, spread more slowly on downward slopes.
More specifically, the slope direction or aspect differentially exposes slopes to different
sun and wind regimes that may enhance risk (Erten et al., 2004). For example, the hot,
dry northerly winds associated with Australian summers in the southeast increase the risk
of bushfires on northern facing slopes (see also Chapter 4, Box 4.8 on storms and winds).
Elevation can also influence bushfire risk indirectly, as temperatures drop and moisture
may increase with elevation.

" The Age, 18 February, 1983.
¥ The Age, 18 February, 1983.
¥ The Age, 20, 21, 22 January 1997.
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5.1.2. Climate change and bushfire risk in the Western Port region

All other factors being equal, warmer and drier conditions in the Western
Port region will increase the risk of bushfires and their severity.

As such, global warming is likely to increase the frequency and severity of bushfires in
Australia (Hennessy et al., 2005; Lucas et al., 2007), consistent with projections from
other nations (Stocks et al., 1998; Goldammer and Price, 1998; Wotton et al., 2003;
Brown et al., 2004; Pearce et al., 2005). In fact, estimation of fire risk over the past 30
years suggests that a trend toward greater fire risk is already observable. For example, the
forest fire danger index at Melbourne and Sale was 23% and 32% higher, respectively,
from 2001 to 2007 compared to 1980 to 2000 (Lucas et al., 2007). However, relative to
inland areas, coastal areas in southeast Australia experience lower levels of fire risk
(Hennessy et al., 2005; Lucas et al., 2007).

Climate and fire weather projections indicate that fire risk in bushfire prone areas of the
Western Port region is likely to increase in the future. This increased risk is a product of
projected warming and drying in future decades in response to climate change (Macadam
et al., 2007). For example, results from biophysical assessments of the implications of
climate change on fire weather in southeast Australia indicate that the number of days
that Sale experiences a fire danger index of ’very high’ or ‘extreme’ may increase from
approximately 12 at present to 12 to 14 by 2020 and 12 to 19 by 2050 (see Table 5.40;
Hennessy et al., 2005; Lucas et al., 2007). Similar proportional increases are also
projected for grass fire risk, although the total number of days is much higher.

Given the damages associated with past events, any increase in risk is likely to pose a
challenge to emergency management services and elevate the importance of
preparedness. In some respects this could prove challenging, since increased fire-
weather risk could also reduce the opportunity for hazard reduction activities
(Middlemann, 2007), further exacerbating the likelihood and potential impact of
bushfires.

Table 5.40: Projected changes in annual average numbers of days with
very high or extreme forest fire risk for Laverton and Sale

Location Present® 2020 2050

Changes in average annual numbers of days with very high or extreme forest fire risk
Laverton 12 1214 12-19
Sale 5 5-7 6-11

Changes in average annual numbers of days with extreme forest fire risk
Laverton 2 2-3 2-5
Sale 1 1 1-2

Present values based upon climatological averages for the 1973-2007 period.
Source: Macadam et al. (2008)
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5.2. Exposure

5.2.1. Methods for exposure assessment

Geographic information systems (GIS) were used to examine the spatial
relationships between bushfire prone areas and assets and infrastructure
in harm’s way.

GIS overlays of bushfire hazard areas were obtained from Western Port LGAs. Overlays
represent areas where there are significant fuel sources over an extensive area sufficient
to create a bushfire hazard combined with other factors such as associated topography,
buildings and infrastructure and bushfire management efforts. Factors such as climate
that might modify bushfire risk are generally not directly represented within bushfire
overlays. Although climate change is projected to change the spatial distribution of
storm surge and extreme rainfall exposure in the decades ahead, for bushfire the spatial
extent of exposure is assumed to remain largely the same. This assumption arises from
the need to have sufficient fuel loads to generate bushfire risk. To the extent that future
climate change and, particularly, land use and management practices increase or reduce
vegetation associated with existing bushfire prone areas, this would have implications for
risk at a very localised level. However, the current analysis generally assumes exposure
remains static.

Existing bushfire prone areas within the Western Port region were utilised to determine
the land areas, infrastructure and assets that will potentially be exposed to fire hazard in
future decades. Bushfire prone areas for LGAs in the region were imported into a GIS
(ArcGIS 9.2) as vector polygon data layers. These polygon layers were then used to
interrogate a range of geographic data sets including data from the ABS 2006 census as
well as multiple data sets provided by local governments regarding property, land use,
and the location of transport, water and sewer, and recreational infrastructure. Land
areas, census collection districts, and assets intersecting bushfire prone areas were treated
as potentially exposed and associated populations, infrastructure, and assets were
subsequently quantified.

As with the other exposure assessments reported in this study, a number of uncertainties
arise from this analysis. First and foremost, the analysis was based upon the integration
of multiple data sets which were developed in different ways. Errors in the alignment of
different data sources necessitates that results be interpreted with some caution.
Furthermore, if any overlap between a bushfire prone area and a property or road
segment existed, the entire property or segment was counted as exposed. This invariably
results in an overestimate of the exposure of the population and assets. Hence,
quantitative results should be treated as estimates designed to communicate the
approximate scale of consequences.
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Box 5.11. Key Uncertainties Associated with Bushfire Impact Assessment

1) A critical uncertainty for estimating future changes in bushfire risk arising from
climate change is simply the uncertainty regarding the magnitude of future
temperature and, particularly, rainfall changes in the Western Port region. To the
extent that temperature increases and rainfall reductions are more consistent with
more pessimistic scenarios, conditions for bushfire weather will become more
severe. As with the extreme rainfall projections in Chapter 4, the projections of
changes in fire weather reported in this chapter are based on a limited suite of
climate models, and thus actual uncertainty in the magnitude and range of future
fire weather conditions is greater than indicated here.

2) The effects of climate change on fuel loads, specifically vegetation growth and
regrowth, is another factor that is important for bushfire risk. More arid
conditions may suppress vegetation growth, reducing fuel loads over the long-
term. However, increased atmospheric carbon dioxide concentrations may enable
some plant species to become more drought-tolerant and productive despite
increasing aridity.

3) Future development and land use change will also affect the nature of bushfire
risk in future decades. However, such trends can be difficult to predict as they
rely upon decisions that have yet to be made. Encroachment of development,
particularly residential, into bushland areas may increase the risk of human
exposure to bushfire events. On the other hand large-scale land clearing may
reduce fuel loads. Future changes in buildings codes, building materials, and
bushfire management will also influence the nature of the risk.

5.2.2. Exposed areas

Inspection of bushfire prone areas within the region’s LGAs indicates significant fire
hazard, although the spatial distribution is quite heterogeneous (Figure 5.32). The largest
contiguous area of risk occurs in Cardinia Shire, where almost the entire northern third of
the Shire is prone to bushfire. Elsewhere, land clearance for agriculture and development
yield more isolated pockets of bushfire prone areas. For example, Mornington Peninsula
is second only to Cardinia in the total magnitude of bushfire prone land, but those areas
are distributed in clusters throughout the Shire. Similarly, Bass Coast Shire has pockets
of bushfire prone areas, particularly the ‘Gurdies’ area in the north of the Shire and
various pockets on northern and eastern Phillip Island. Casey and Frankston Cities have
the smallest area of bushfire prone lands, but in the instance of Frankston City, the
relative small size of the LGA means that on a relative basis, a significant fraction of the
City is potentially at risk (Table 5.41).
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Figure 5.32: Spatial distribution of current bushfire prone areas within the
Western Port region
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Table 5.41: Current bushfire prone areas in LGAs of the Western Port

region

LGA Bushfire Prone Area (km?)?
Bass Coast Shire 75.7
Cardinia Shire 444.8
Casey 22.6
Frankston City 35.5
Mornington Peninsula Shire 131.7
Total 710.3
% Hazard areas derived from overland flood and land subject to inundation data
provided by the five LGAs in the region.
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5.2.3. Exposed populations and dwellings

A significant fraction (~13%) of the 2006 population of the Western Port
region lived on properties that are associated, at least partially, with
bushfire prone areas.

The number of people exposed was strongly associated with the density of the population
within bushfire prone areas, as indicated by Mornington Peninsula — the LGA with the
highest exposed population as well as a relatively high population density (Figure 5.33,
Figure 5.34, Table 5.43) Similarly, Frankston City Council, which has a relatively small
amount of land within bushfire prone areas, nevertheless has a relatively high level of
population exposure. In contrast, Bass Coast and Cardinia Shires have relatively low
population densities in bushfire prone areas, although the extent of the bushfire prone
area in Cardinia Shire is so expansive that an estimated 22,000 individuals are still
exposed.

Figure 5.33: Spatial distribution of existing properties associated with
bushfire prone areas within the Western Port region
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Figure 5.34: Current (2006) population densities of census districts
associated with current bushfire prone areas in the Western Port region
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Table 5.42: Existing bushfire prone dwellings and populations in the
Western Port region

Exposed Average Population
LGA Dwellings Household Po El)l(l‘;?ii?ld(#)c Density
(Number)? Size® P (#km?)®
Bass Coast 1,284 2.2 2,825 8.9
Shire
Cardinia Shire 7,429 3.0 22,287 32.9
Casey City 261 2.0 522 70.3
Frankston City 5,978 23 13,749 832.0
Mornington
Peninsula 13,491 2.5 33.728 107.2
Shire
Total 28,443 73,111

a Number of exposed dwellings estimated from the number of green wedge, farming, residential and rural
properties exposed to bushfire, assuming 1 dwelling per property.

b Average household size estimated from average household sizes for CCDs in each LGA intersecting with
bushfire hazard areas.

¢ Exposed population estimated by multiplying exposed dwellings and average household size

d Population density estimated from population densities from CCDs in each LGA intersecting with bushfire
hazard areas.

Source: ABS 2006 Census

The housing associated with the exposed population included an estimated 28,443
dwellings of various types including detached housing, flats and units, as well as rural
residential structures. Such dwellings often bear the brunt of bushfire events as they are
fixed on the landscape and unable to be relocated like the population that lives within.
However, individual dwellings may vary in the vulnerability to bushfire damages. Past
experience with fire damage to buildings and housing has led to the long-term review of
building codes for structures in bushfire prone areas (Table 5.43). Dwellings constructed
in at-risk areas in the wake of the 1983 Ash Wednesday bushfires are more likely to be
built to a greater standard of bushfire protection. For example, in Cardinia Shire, over
62% of properties were developed post-1983, after the first edition of the Australian
Standard AS 3959 (Figure 5.35). However, only 26% were developed after the second
edition of the standard in 1999. Thus a sizeable fraction may be at heightened
vulnerability due to its construction prior to the implementation of current national
guidelines. In Mornington Peninsula Shire and Frankston City, even larger proportions of
the housing stock were constructed prior to the implementation of current guidelines.
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Table 5.43: Percentage of buildings constructed in Western Port LGAs
under different bushfire management building codes

LGA

Bass Coast
Cardinia
Casey
Frankston

Mornington
Peninsula

Pre-1983
N/A
39%
23%
52%
54%

1983-1998
N/A
36%
45%
32%
37%

Post-1998
N/A
26%
32%
16%
9%

Percentages based upon properties for which construction dates were available.

Source: Date obtained from the LGAs of the Western Port region. N/A indicates no data were available at the

time of writing.

Figure 5.35: Frequency distribution of property ages within Cardinia Shire
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5.2.4. Exposed private and public infrastructure

In addition to residential properties, there are other types of infrastructure
and land uses within the Western Port region that are potentially vulnerable
to future bushfire events.

Perhaps one of the most important exposed infrastructure types is transportation
corridors. Comparison of road and rail networks in the Western Port region with bushfire
prone areas identified over 1,600 linear km of roads and 75 km of rail lines that could be
affected by bushfire (Table 5.44). Due to their high population densities, extensive
transport networks and extensive bushfire prone areas, Cardinia and Mornington
Peninsula were associated with the largest degree of potential transport exposure to
bushfire. In contrast, exposure in Bass Coast Shire and Casey City was significantly
lower.

The exposed road network in the region includes some key transport corridors (Figure
5.36). For example, in Frankston and Mornington Peninsula, both the Nepean and
Moorooduc highways run through bushfire prone areas. Frankston could also be affected
by disruptions to the Frankston-Dandenong and Cranbourne-Frankston Roads, and a
number of bridges (including four in Seaford associated with the Nepean Highway) are in
harm’s way. In Cardinia, bushfire prone areas overlap the Belgrave-Gembrook Road and
the Beaconsfield-Emerald Road. In Bass Coast, the Bass and South Gippsland Highways
are both susceptible to interruption by bushfire, and three bridges for the Inverloch-
Venus Bay Road are also exposed. Meanwhile, rail lines traverse bushfire prone areas in
northwest Frankston, northwest and northeast Mornington, and services through Cardinia
could be disrupted due to bushfire prone areas in southeast Cardinia adjacent to the
border with Bass Coast Shire.

Table 5.44: Existing road and rail infrastructure in LGAs of the Western
Port region currently exposed to bushfire hazard

LGA Road (km)? Rail (km)? B’:;')%es
Bass Coast Shire 87.6 0.0 3
Cardinia Shire 673.6 42.0 N/A
Casey 47.2 0.0 N/A
Frankston City 2453 71 11
Mornington Peninsula Shire 568.0 25.5 N/A
Total 1,621.7 74.6 14
& Data on the locations of road and rail infrastructure provided by the five LGAs in the region.
® N/A/ indicates data were not available
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Figure 5.36: Spatial distribution of transport infrastructure associated with
current bushfire prone areas within the Western Port region
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In addition to transport infrastructure, a wide variety of other types of infrastructure in
the region may also be susceptible to bushfire events (Figure 5.37). Risk is greatest
where bushfire prone areas overlap with significant human development and population,
such as Frankston City Council, the west coast of Mornington Peninsula (Mornington
and Dromana), as well as the communities around Portsea and Sorrento, and northern
Cardinia Shire Council. In Frankston City Council exposed facilities included areas
zoned for schools and education, utilities, and local government. Mornington Peninsula
contains the greatest diversity of assets at risk including industry, schools and medical
centres, nursing homes, and even a yacht club. Exposed facilities in northern Cardinia
were of a similar composition. However, the major electricity transmission lines that run
from Latrobe Valley through northern Cardinia and northeast Casey to the northeast of
Melbourne also traverse bushfire prone land. Another key piece of exposed infrastructure
in Cardinia is the Cardinia Reservoir. In other areas, exposed critical infrastructure was
more isolated, such as an industrial facility north of Wonthaggi and local government
assets on Phillip Island.
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Figure 5.37: Spatial distribution of facilities/infrastructure in the Western
Port region associated with current bushfire prone areas
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Facilities were identified from property descriptions or zone descriptions, depending upon the availability of
information

5.3. Economic and Social Impacts

Human factors can play a significant role in whether fires occur (e.g. arson,
accidental ignition), but once ignited, fires generally have some scope to
be detected and, if extinguished early, their impacts can be greatly
reduced.

As such, wildfires are qualitatively different from other natural hazards such as storm
surge and inland flooding. As noted in Middelmann (2007), for example, bushfire is the
only hazard for which the potential of the hazard itself can be reduced, by reducing
human ignitions and through early suppression. Further, there is a significant body of
literature and other evidence pointing to the crucial role of preparation and behaviour in
influencing the extent to which a bushfire, once underway, results in destruction of
property and loss of life (e.g. Webster, 2000). Although there are regional projections on
the increased frequency of fire weather conditions under a changed climate, it is
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extremely difficult to determine how this increase might translate into future changes to
fire frequency, intensity and extent and consequences for people and property™.

5.3.1. Direct market costs

Given the sizeable presence of properties and buildings in bushfire hazard
areas, the potential economic implications of changes in bushfire events
are quite large.

Close to 35,000 properties are currently exposed to bushfires, of which 46% are in
Mornington Peninsula Shire, 26 % Cardinia, 21% Frankston, 5% Bass Coast and 1%
Casey (Tables 5.45 to 5.49). Approximately 24,000 of the exposed properties are zoned
residential, although taking into account green wedge and rural zonings the total number
of exposed dwellings in the region is estimated to be about 28,200.

Table 5.45: Value of existing Bass Coast Shire property exposed to
bushfire (thousands of $)?

Property Type Number Site Value® Capital Improved Value®
Commercial 31 $ 8,501 $ 14,571
Industrial 16 $ 8,486 $9,514
Private Infrastructure® 4 $75 $ 80
Recreational 18 $2,172 $ 5,173
Residential 1,164 $ 218,375 $ 303,171
Rural 120 $ 99,038 $ 111,158
Services 2 $— $ -
Unspecified 221 $ - $ -

Total 1,576 $ 336,646 $ 443,666
@Data on property values provided by the five LGAs in the region.

® Includes transport, communication, utilities, and storage infrastructure as well as private marinas and
yacht clubs.

“Market value of land only

“ Total market value of the property including land, buildings and all other improvements

“0 Even allowing for the use of fire behaviour modelling and probability analysis.
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Table 5.46: Value of Casey City property exposed to bushfire
(thousands of $)?

Property Type
Commercial
Industrial
Residential
Rural
Unspecified
Total

Number
5
3
238
23
71
340

Site Value®
$ 19,966
$1,152

$ 135,877
$ 19,697
$—
$ 176,692

Capital Improved Value®
$ 37,350
$1,152
$ 184,953
$ 23,795
$—
$ 247,250

®Data on property values provided by the five LGAs in the region.

® Market value of land only

¢ Total market value of the property including land, buildings and all other improvements

Table 5.47: Value of Mornington Peninsula Shire property exposed to

bushfire (thousands of $)*

Property Type
Commercial
Industrial
Private Infrastructure®
Recreational
Residential
Rural
Services
Unspecified
Total

Number
95
90
365
34
13,333
158
8

4,542
18,625

Site Value®
$ 100,553
$ 336,242
$ 23,276
$ 463,539

$ 3,905,105
$ 259,273
$ 12,044

$—
$ 5,100,031

Capital Improved Value®

$ 115,545

$ 4,280,798
$ 38,615
$ 470,731

$ 5,830,027
$ 262,046
$ 13,376

$—
$ 11,011,138

®Data on property values provided by the five LGAs in the region.

PIncludes transport, communication, utilities, and storage infrastructure as well as private marinas and yacht

clubs.
¢ Market value of land only

Total market value of the property including land, buildings and all other improvements
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Table 5.48: Value of Frankston City property exposed to bushfire
(thousands of $)?

Property Type®
Business

Conservation and
Resource

Farming
Floodway
Industrial
Public Use
Residential
Road

Rural
Special Use
Total

Number
66

53
3
1
11
105
5,829
4
146
23
6,241

Site Value®
$ 10,843

$ 5,965
$ 303
$ 165
$ 1,454
$ 16,847
$ 837,158
$ 363
$ 18,583
$ 3,158
$ 894,837

Capital Improved Value®

$ 17,850

$ 11,848
$ 550
$ 255
$2,788
$ 26,447
$ 1,530,549
$ 860
$ 35,162
$ 5,010
$ 1,631,318

Data on property values provided by the five LGAs in the region.
b Property types determined by the associated planning zone in which they were located

¢ Market value of land only

Total market value of the property including land, buildings and all other improvements

Table 5.49: Value of Cardinia Shire property exposed to bushfire
(thousands of $)?

Property Type®
Business

Conservation and
Resource

Green Wedge
Industrial
Public Use
Residential
Road

Rural

Total

Number
148

222

1,671
5
110
3826
9
1,932
7,923

Site Value®

$ 22,184
$ 45,607

$ 317,638
$93
$ 12,448
$ 740,027
$ 1,087
$ 372,416
$ 1,511,499

Capital Improved Value

d
$ 37,280
$ 66,433

$ 507,082
$ 412
$ 23,341
$ 1,149,193
$ 2,142
$ 599,186
$ 2,385,068

®Data on property values provided by the five LGAs in the region.
® Property types determined by the associated planning zone in which they were located
¢ Market value of land only

¢ Total market value of the property including land, buildings and all other improvements
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Tables 5.45 to 5.49 also show the site values (SV) and capital improved values (CIV) of
exposed property. Consistent with earlier discussion (section 3.3.1), land values are
assumed not to be relevant to the potential costs of bushfires. Thus only infrastructure
values are considered here.

The total value of infrastructure exposed to bushfires in the region is currently about $7.7
billion, of which approximately $3.4 billion (44%) are dwellings and associated
infrastructure, $3.9 billion (51%) are industrial facilities (virtually all in Mornington
Peninsula) and $400 million (5%) are commercial, recreational and other facilities.
However, these values do not provide an accurate indication of the potential impact of
bushfires in the region, either now or under future climate change.

Considering residential property, McAneney (2006) has undertaken an analysis of the
direct cost of bushfires to residential properties in Australia over the last century, drawing
on the PerilAUS database. Based on probability analysis, he concludes that average
annual home loss in Australia over the period has been 83 homes, with annual average
damage valued at $33.5 million, based on average replacement value for home and
contents of $440,000. Losses occurred in about 60% of years examined. However, he
stresses that losses are not uniform over the period, with most occurring as a consequence
of a few catastrophic fires that ‘got away’ (see Figure 5.38).

Figure 5.38: Annual number of domestic dwellings lost to bushfires in Australia
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Source: modified from McAneney 2006

McAneney (2006) found no trend in losses over the past century despite increases in
exposed population on the one hand and improvements to technology and firefighting
resources on the other. He concludes that historical data are a valid representation of
potential future losses. Based on estimated 340,000 houses exposed to significant
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bushfire risk around major cities in Australia, it would take 4100 years for bushfires to
destroy all of these. Significantly though, McAneney (2006) appears not to have factored
climate change into his analysis.

Lacking a complete record of bushfires in the Western Port region, the modelling used by
McAneney (2006) has not been applied in this study. Nevertheless, initial analysis of
available information for the region produces results that are consistent with his national
analysis:

= Approximately 650 to 750 houses have been destroyed in the Western Port region by
bushfires since 1898.

= This equates to an average annual loss of six to seven houses in the region over the
period.

= Bushfires in the region resulting in destruction of private property have occurred on
average approximately every 15 years.

= A large majority of total houses lost in the region occurred in the Ash Wednesday
bushfires, which destroyed up to 545 houses or about 65 to 85% of the total*'. The
economic cost of residential properties lost in the Western Port region in the Ash
Wednesday fires was up to $190 million (in 2007 dollars).

= Other destructive fires in the region, in terms of property losses, include the Red
Tuesday fires of 1898 and the Black Tuesday fires of 1944.

= The 28,200 residential properties currently exposed to bushfires in the region are
approximately 8.3% of exposed properties nationally (340,000).

= Applying the same percentage to the average annual loss of 83 homes nationally
projected by McAneney (2006), also gives an expected average annual loss of six to
seven houses for the region.

Thus based on historic evidence, it could be concluded that the region might expect to
lose an average of around six to seven houses to bushfires annually over the coming
century, with most of the losses occurring in one or a small number of catastrophic fires.
The damage cost of losses would be equivalent to about $2.1 to 2.5 million annually™®.
However, this conclusion does not factor in climate change. Given projections which
indicate that there will be a substantial increase in the number of days of very high and
extreme fire weather by 2050, it can reasonably be argued that the threat to residential
property from wildfires will, in the absence of further improvement in fire preparation
and management practices, increase in the future relative to last century. It is not
possible to quantify the increase in this threat however.

1 Officially some 238 houses were destroyed in the Upper Beaconsfield fire but a proportion of
these houses were located outside of the region in Belgrave South.

*> Based on an average economic value of $350,000 per house, including contents. This is less
than the $440,000 per house applied by McAneney (2006), who used replacement value and in
doing so did not take depreciation into account.
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5.3.2. Indirect market costs

As discussed earlier in this chapter, significant public and private infrastructure in the
region are exposed to bushfires. As noted in the previous section, projections of a
substantial increase in the number of very high and extreme fire days in the region
indicate an increase in the threat to this infrastructure. Indirect costs stemming from the
increased threat also have the potential to be significant and in some instances could be
as great as direct costs (BTE, 2001).

Table 5.50 provides an overview of the potential indirect costs of bushfires and other
natural hazards. Three categories are discussed here in the context of an increased threat
of bushfires to the region.

Table 5.50: Classification of indirect tangible costs

Indirect cost category Examples
= manufacturing production
Disruption of business = retall
= other business services
= road traffic

Disruption of transport rail traffic

water and wastewater
electricity and gas
telecommunications
health

education

aged care

local government
fire (CFA)
Emergency service costs = ambulance

= police

= SES

Disruption of networks

Disruption of public services

Source: After Thompson & Handmer 1996

First is the potential disruption of transport. As noted, over 1,600 linear km of roads and
75 km of rail lines are identified in the region as being exposed to bushfires. Major roads
identified include the Nepean, Moorooduc, Bass and South Gippsland highways, the
Frankston-Dandenong and Cranbourne-Frankston Roads and the Belgrave-Gembrook
Road and the Beaconsfield-Emerald Road. The major risks arising from bushfire threats
to these roads are not so much direct physical damage but disruptions to transport. These
disruptions can interfere not only with local and regional commerce, but also affect
emergency management responses, as the movement of vehicles and personnel is heavily
dependent upon road access.

A second category of indirect cost relevant to the region is disruption of networks,
notably of energy supply. This issue is highlighted because of the significant electricity
transmission and distribution infrastructure located in the region, some of which is
exposed to bushfires. Noteworthy infrastructure includes the 500kV transmission line
connecting Latrobe Valley generators and Melbourne. This line dissects Casey and
Cardinia, including bushfire exposed areas. The significance of potential threats to this
line was borne out in January 2007 when bushfires knocked out a major transmission line
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near Benalla causing major blackouts across Melbourne. Other major electricity
infrastructure in the region exposed to bushfires includes the 200kV transmission line
through Bass Coast Shire that connects South Gippsland to the grid.

A third significant category of indirect costs in the region is emergency service costs. Of
particular interest is the volunteer fire (and other emergency) services provided in the
region by the Country Fire Authority. The CFA’s annual budget for Victoria was
approximately $289 million in 2005-06. However, this sum needs to be considered in
context of the substantial volunteer input to the service, valued at around $500 million
annually (CFA, 2007). In the Western Port region there are currently 74 CFA brigades,
with an active membership of approximately 2500 (principally) volunteer personnel.
Assuming that each volunteer provides an average of 300 hours/year of voluntary work
(including attendance at ‘incidents’, training and meetings)”, this equates to
approximately 750,000 hours of voluntary work for fire protection and associated
emergency services in the region each year. This work has an annual value of at least $14
million*. To this amount can be added CFA expenditure in the region as well as
bushfire-related costs of other emergency and volunteer services, such as those associated
with local councils, ambulance, police and the SES. Thus emergency service costs in the
region relating to bushfires are already substantial and may need to increase significantly
in the future to meet the increased bushfire threat.

5.3.3. Intangible costs

As noted in previous chapters, communities tend to value the intangible
costs of natural disasters, such as health impacts, loss of memorabilia and
ecological and cultural damages, as great or greater than the tangible
dollar losses (BTRE, 2001; Handmer, 2003).

Loss of life has undoubtedly been a key intangible cost of bushfires in Western Port,
bushfires being associated with more deaths than any other natural disaster in the region.
Causing 26 deaths, the Ash Wednesday bushfires of 1983 were responsible for the
greatest loss of life of any natural disaster in the region’s history. Other bushfires have
also probably been responsible for multiple deaths in the region including in 1898, 1942
and 1944,

Two alternative methods are used to quantify in monetary terms the cost of death and
injuries from natural disasters and other premature deaths. These methods are the ‘human
capital approach’ and the ‘willingness to pay approach’ (see Box 5.3). The most widely
applied method in Australia in relation to loss of life due to natural disasters is the human
capital approach. If applied to the Ash Wednesday fires, the cost of lives lost as a result
of the Ash Wednesday fires in the region would be valued at approximately $44 million
(in 2007 dollars). However, the human capital approach is controversial, not least
because it fails to account for a range of intangible losses associated with premature loss
of life including grief, pain and suffering.

One indirect health effect of bushfires, sometimes overlooked, is their impact on air
quality. This can become a particular problem if the fires occur over an extended period

* Based on discussions with volunteer CFA personnel.
* Assuming the volunteer labour is valued at approximately $19-20 per hour - the ABS (1997)
valued voluntary work at $13.30 in 1997.
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and climate conditions do not allow for rapid smoke dispersal. Exposure to fine
particulates (PM;,) in bushfire smoke can have significant adverse health affects, at least
in the short term, especially for people with existing respiratory or heart conditions
(Coghlan, 2004). Children and the elderly are particularly sensitive.

It is not possible to quantify the future cost of bushfires in the region in terms of loss of
life and other health impacts (with or without climate change), there being so many
biophysical and human factors that can influence the number of people who are killed or
injured by bushfires. All that can be said is that the intangible, but very real, costs of
bushfires are an important issue that need to be factored into any examination of the
impacts of climate change in the region in the future.

Box 5.12. Alternative Approaches to Valuing Premature Loss of Life

Most people would consider that their own lives and those of loved ones are priceless.
However, when a ‘value of life’ is being developed for use in public policy decision-
making it is not any particular person’s life that is valued but that of an unknown or
‘statistical’ individual. A statistical life is based on the probability of death in a given
population. It is the value of a statistical life that is used in making decisions about
disaster mitigation expenditure. As a result, the funds allocated to saving statistical lives
are typically much less than are often spent saving individual lives. There are two main
approaches available for estimating the value of a statistical life: ‘human capital’ and
‘willingness to pay’. The two approaches are discussed briefly below.

The human capital approach

The human capital approach characterises people, and therefore life, as a labour source
and input to the production process. This approach argues that the value to society of
preventing a death or injury is the saving in potential output or productive capacity. It is
an ex post accounting approach that uses the discounted present value of a victim’'s
potential future earnings as a proxy for the cost of premature death or permanent injury.
It also takes into account of lost quality of life, medical costs, coronial costs, premature
funeral costs, legal costs, correctional service costs and workplace disruption and staff
replacement costs. The BTE (2001) has valued life lost through natural disasters in
Australia at $1.3 million ($1.75 million in 2007 dollars).

The willingness to pay approach

The willingness to pay approach estimates the value of life in terms of the amounts that
individuals are prepared to pay to reduce risks to their lives (or amounts accepted as
compensation for bearing increased risk). The approach uses people’s preferences
(either stated or revealed) to ascertain the value they place on reducing risk to life and
reflects the value of intangible elements such as quality of life and joy of living. As the
willingness to pay approach includes elements that the human capital approach has
difficulty in costing it will generally give higher values. Various overseas willingness to
pay studies have estimated the value of a statistical human life to be from $2.4 million to
$5.7 million (in 2007 Australian dollars). The wide variation in these estimates reflects in
part, the fact that the value depends on circumstances and individual preferences in
avoiding or accepting physical risk.

Source: BTE, 2001
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5.4. Summary of the Potential Implications of Exposure to Bushfire Hazard in the Western Port Region
Bass Coast | e Approximately 75.7 km? are designated bushfire prone areas, particularly land areas in the LGA’s north and southeast
Cardinia | * Approximately 444.8 km? are designated bushfire prone areas, largely concentrated in the bushland and neighbouring townships in the
LGA’s north
Casey o Approximately 22.6 km? are designated bushfire prone areas, with exposed areas occurring in the far northwest and northeast and south of
Cranbourne
Frankston | e Approximately 35.5 km? are designated bushfire prone areas, with at-risk areas principally in the southern and eastern parts of the LGA
MPS* | Approximately 131.7 km? are designated bushfire prone areas, particularly coastal reserves. At-risk areas include the areas surrounding
Dromana, Crib Point, Shoreham, and HMAS Cerberus.
Bass Coast | * An estimated 2,825 current residents in 1,284 dwellings live in bushfire hazard areas. Particular at-risk populations include rural, isolated
households that are less accessible to emergency services and elderly households that may have difficulty defending their own homes.
Cardinia | * An estimated 22,287 current residents in 7,429 dwellings live in bushfire hazard areas. Particular at-risk populations are those living in
bushland areas on the urban fringe, especially elderly households that may have difficulty defending their own homes.
Casev | * An estimated 522 current residents in 261 dwellings live in bushfire hazard areas. Exposed households comprise a small proportion of the
Y| LGA total. Households residing in bushland areas on the urban fringe are the most vulnerable.
et | An estimated 13,749 current residents in 5,978 dwellings live in bushfire hazard areas. At-risk populations are principally residential areas
close to bushland. Exposed elderly and low income households are particularly vulnerable.
MPS | ® An estimated 33,728 current residents in 13,491 dwellings live in bushfire hazard areas. Particular at-risk populations include residential
development in or close to bushland and rural and elderly households that may have difficulty defending their own homes.
Bass Coast | e« $107 million of property improvements exposed to bushfire hazard, principally residential
Cardinia | e $873 million of property improvements exposed to bushfire hazard, residential and rural
Casey |« $71 million of property improvements exposed to bushfire hazard, nearly all residential
Frankston | e $736 million of property improvements exposed to bushfire hazard, nearly all residential
MPS | e $5,876 million of property improvements exposed to bushfire hazard, industrial (~$1.9 b)and residential (~$3.9 b)
Bass Coast | * 87.6 km of road network (including 3 bridges) exposed to bushfire hazard, including the Bass Highway
e Local government facilities on Phillip Island, industrial facilities north of Wonthaggi
Carafie | 673.6 km of road network and 42 km of rail network exposed to bushfire hazard, including the South Gippsland Highway
 Various industrial facilities, Cardinia Reservoir, electricity transmission lines, medical facilities and nursing homes, educational facilities
e 47.2 km of road network exposed to bushfire hazard, including the Beaconsfield-Emerald Road
Casey | o Electricity utilities, medical centres, educational facilities in the northwest are exposed
¢ In the southeast, Harwood Aerodrome east of Tooradin is exposed
e 245.3 km of road network (including 11 bridges) and 7.1 km or rail network exposed to bushfire hazard, including the Nepean, Frankston,
Frankston and Moorooduc Highways and Cranbourne-Frankston and Frankston-Dandenong Roads.

e Educational facilities and utilities

MPS

¢ 568.0 km of road network and 25.6 km of rail network exposed to bushfire hazard, including the Nepean and Moorooduc Highways
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Bass Coast
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Bass Coast
Cardinia
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Frankston
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Bass Coast
Cardinia
Casey
Frankston
MPS

Business Activity

would affect associated businesses. Bushfire events could also disrupt major industrial facilities in the vicinity of Hastings.
Public Health

« Industrial facilities, medical facilities and nursing homes, educational facilities as well as yacht clubs and boating facilities associated with
coastal reserves north of Shoreham

¢ Bushfire risk a threat to rural productivity and commerce in some locations. More developed townships on Phillip Island (e.g., Rhyll) also
face exposure suggesting potential for tourism and service industry businesses to be affected by bushfire events or even damaged directly.

¢ Residential and business centres are concentrated in the bushfire prone areas in the LGA’s north. Bushfire events may disrupt transport and
commerce or threaten businesses directly.

» Bushfire exposure of business activities within the LGA are limited, but indirect effects may occur due to bushfire events in neighbouring
areas that disrupt transportation

¢ Bushfire events in areas surrounding the Frankston CAD may affect CAD businesses by disrupting road and rail services.

» Significant bushfire events can disrupt key transport corridors (e.g., Nepean Highway) and access to popular locations for tourism which

» Bushfire events pose a significant threat to public health, particularly where relatively dense human populations coincide with bushland, such
as northern Cardinia, Frankston, and parts of the Mornington Peninsula. Indirect effects of bushfire events on air quality may also have
localised or even region wide health affects, particularly on exposed elderly residents and children.

¢ As with floods, stress, disruption and loss of memorabilia can be key issues for directly affected residents.

e Temporary disruption of recreational facilities and their access is likely during bushfire events. In areas valued for ecological amenity,
impacts may persist until the affected area has recovered. However, there is a relatively low risk associated with the permanent loss of
amenity arising from bushfire events unless destroyed facilities are not replaced.

*MPS - Mornington Peninsula Shire
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6. IMPACTS ASSOCIATED WITH CHANGES TO
AVERAGE AND EXTREME TEMPERATURES

Chapter Summary

o Average temperatures in the Western Port region are virtually certain to
increase in future decades. This trend will increase the frequency and
severity of extreme temperature events, including hot days and heatwaves.
The frequency of cold nights will decline.

¢ Increases will be fairly uniform throughout the region, although inland
areas are likely to be more affected than coastal areas.

o Heat-related ililness and mortality is a major potential cost of the rise in
extreme temperatures, with the most vulnerable group in the community
being elderly people. There are significant concentrations of elderly in
Bass Coast and on the Port Phillip Bay coastline of Mornington Peninsula.

o Poor thermal comfort and/or high summer energy use are other potential
impacts of the increase in extreme temperatures. However, energy
demand during the winter may decline. Much of the housing stock in the
region, both older and newer, is likely to have poor or questionable thermal
performance.

o Extreme temperatures also pose risks to infrastructure in the region, in
particular to transport infrastructure.

6.1. Temperature Increases in Western Port: The Issues

Average temperatures in the Western Port region are virtually certain to
increase in future decades — a trend that also will increase the frequency
and severity of extreme temperature events.

Temperatures are likely to increase in all seasons of the year but warming is likely to be
greatest in summer and least in winter Macadam et al. (2008). Rising average will also be
associated with an increase in extreme temperatures (Table 6.51).

Table 6.51. Projected changes in the annual number of days with daily
maximum temperatures in excess of 35°C for locations in the Western Port

region
Location Present 2030 2070
(1971-2000)
Cape Schank 2 34 3-10
Scoresby 7 8-10 10-24
Wonthaggi 4 56 5-13

Source: Macadam et al. (2008)

Rising average temperatures and more frequent extreme temperature days have the
potential to contribute to a variety of impacts in the Western Port region. The existing
literature on climate change and rising temperatures indicates that impacts that are most
relevant to the region’s settlements are:
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» heat-related illness and mortality;
»  building thermal comfort and associated energy demand; and

» degradation of building materials and infrastructure
6.2. Exposed Areas, Infrastructure and Populations

6.2.1. Heat-related iliness and mortality

As temperatures throughout the Western Port region are relatively similar
on a day-to-day basis, a key consideration affecting the health
consequences of extreme heat is the demographic composition of the
exposed population.

Given the particular sensitivity of the elderly to extreme heat events, those areas that
have a disproportionately high concentration of individuals over the age of 65 may be a
useful indicator of locations most at-risk (Figure 6.39).

Figure 6.39: Distribution of individuals 65 years of age or older in the
Western Port region in 2006
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Source: ABS 2006 Census.

Mapping of this information (by census collection district) reveals a general pattern of
risk throughout the region, with the most vulnerable areas falling into two categories:
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» First and foremost, areas around townships and cities tend to have a higher
proportion of individuals over the age of 65 in the population.

= Second, a number of coastlines also have a disproportionately high percentage of
elderly individuals, such as the Port Phillip Bay coastline of Mornington Peninsula,
the southeast Western Port coastline of Mornington Peninsula, and northern Phillip
Island.

6.2.2. Building thermal comfort

Older residential buildings arguably pose the greatest challenge to the
management of thermal conditions and energy demand, since they are
more likely to be poorly insulated, making the management of indoor
temperatures challenging.

Since 1992 by contrast, new houses in Victoria have been required to be insulated, a
standard that, at least in principle, should increase their thermal comfort and promote
energy efficiency. Standards were strengthened in 2004 with the introduction of a
minimum 5 Star energy rating for new houses, as defined by the Nationwide House
Energy Rating Scheme (NatHERS). In the Western Port region though, available data
suggests that, with the exception of Casey, a majority of houses were constructed before
1992 and therefore potentially do not even meet the lower standard, let alone the 5 Star
rating (see Table 6.52).

However, more detailed local surveys are required to determine the actual thermal
performance of the region’s housing stock noting that:

= some of the older buildings in the region were likely to have been constructed with
attention to thermal comfort, through the use of natural ventilation and shading; and

= new or newer buildings in the region are more likely to have climate controls such as
air conditioning.

Table 6.52: Percentage of buildings constructed in Western Port LGAs
under different energy efficiency building codes

1992-2004
e Pre-1992 Post-2004
(insulation .
tandard 5 St t
(no standards) standards) ( ar rating)
Bass Coast N/A N/A N/A
Cardinia 62% 32% 5%
Casey 47% 46% 7%
Frankston 73% 23% 4%
Mornington 80% 18% 2%
Peninsula
Percentages based upon properties for which construction dates were available.
N/A indicates data were not available at the time of writing.
Source: Date obtained from the LGAs of the Western Port region.
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6.2.3. Degradation of building materials and infrastructure

As the region’s building materials and infrastructure are largely exposed to
similar thermal conditions, the implications of increases in temperature
extremes may be greatest for those areas exposed to multiple climate
stresses.

For example, buildings and infrastructure in flood zones or the coastal margins are also
exposed to extreme temperatures in addition to these other stresses. Those areas where
there is overlapping exposure to climate hazards may therefore experience the greatest
challenges with respect to the design and maintenance of robust infrastructure.

6.3. Economic and Social Impacts

Rising average temperatures and more frequent extreme temperature days
have the potential to contribute to a variety of impacts in the Western Port.

However, as noted, the impacts that are most relevant to the region’s settlements are
likely to be:

= heat-related illness and mortality (a direct intangible cost);

= Dbuilding thermal comfort and energy demand (relevant to both direct intangible costs
and indirect market costs); and

= degradation of building materials and infrastructure (a direct market cost).

Each of the potential impacts is discussed further below.

6.3.1. Heat-related illness and mortality

Human exposure to temperatures that are excessively high or low can have
direct adverse health consequences.

Public health practitioners have identified a ‘j-shaped’ response of human health to
temperature (Figure 6.40), with excess mortality associated with extremes of both cold
and hot, but rising more rapidly as temperatures exceed approximately 30°C (Davis et al.,
2003). This is typical of physiological responses to a broad range of environmental
conditions. Research on the implications of climate change on heat-related illness and
mortality has largely focused on the potential increases in heat-related mortality, although
it should be noted that the potential for reductions in cold-related winter mortality is also
a real possibility (Guest et al.,, 1999; Dixon et al., 2005). There is ongoing debate
regarding which of these two factors may be more important, but in reality it is likely to
vary from location to location depending on local climate and socio-economic conditions.

Heat-related mortality is currently a public health issue in Victoria. For example,
Woodruff et al. (2005) estimated that approximately 289 individuals aged 65 or older
currently die each year in the Melbourne region due to heat-related causes, which is
roughly 77 per 100,000. These deaths predominantly occur during summer months when
temperatures are at their peak, and despite the widespread finding that elderly individuals
are more sensitive to heat events, analysis indicates that mortality does not simply occur
in individuals where death was otherwise imminent, but in generally healthy individuals
that would have been expected to continue living for years in the absence of the heat
event (UK NHS, 2005). It should also be noted that the temperature threshold beyond
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which heat begins to influence mortality in temperate areas is only approximately 28°C
(Guest et al., 1999; Woodruff et al., 2005).

Figure 6.40: "J-Shaped" response of human mortality to temperature
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As temperatures drop below freezing, excess mortality tends to increase. Similarly, as temperatures rise
above freezing, mortality also increases, but at a significantly faster rate, particularly above ~28-30°C
(Guest et al., 1999; Davis et al., 2003; Woodruff et al., 2005).

Climate change is projected to enhance the risk of heat-related morbidity and mortality in
the decades ahead due to rising temperatures that increase the frequency of days with
maximum temperatures above a given threshold (Martens, 1998; Guest et al., 1999;
Kalkstein et al., 1997; Patz et al., 2001; Woodruff et al., 2005), as well as the duration of
persistent heat events that last for multiple days. The effects of climate change are likely
to be most significant for sensitive subpopulations. For example, the biophysical
projections developed as part of this project suggested an increase in average
temperatures in the Western Port region of 0.9 to 3.5°C by 2070, resulting in additional
days above temperature thresholds (Table 6.51; Macadam et al., 2008). In response to
such climate changes, as well as continued population growth, Woodruff et al. (2005)
have projected that 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. The
percentage of people in the Western Port region who are 65 or older is virtually the same
as the Melbourne region. On a proportional basis therefore (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
increase by approximately 30 to 53 annually by 2100. Applying the human capital
approach to valuing life (see Chapter 5), the additional cost of these deaths is valued at
approximately $31 to 54 million per annum*’. However, a willingness to pay approach is
more likely to value this lost life at least at $72 million.

As discussed in section 6.2.1, those areas in the Western Port region that have a
disproportionately high concentration of individuals over the age of 65 are potentially
most vulnerable to heat-related stress impacts. Viewed at the local government level, the

* Assuming no loss of earnings in the 65+ age group.
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council with the greatest number of over 65 people at present is Mornington Peninsula
Shire (see Table 6.53). As a percentage of the total population however, Bass Coast
Shire would also appear to be vulnerable to these impacts.

Table 6.53: Numbers and percentages of populations in Western Port
region over 65 years of age and under 5 years of age

Number of Percentage of Number of Percentage of
LGA people >65 total infants <5 total
years population years population

Bass Coast 6,105 23% 1,394 5%
Cardinia 5,591 10% 4,284 8%
Casey 16,921 8% 16,775 8%
Frankston 15,323 13% 7,561 6%
Mornington 27,063 20% 7,799 7%
Peninsula

Source: ABS Census 2006

Though less-well-documented in the context of climate change, epidemiological research
also indicates that young children and infants are also sensitive to temperature extremes
due to poor thermo-regulation (Guest et al., 1999; Scheers-Masters et al., 2004).

The implications of extreme heat events for public health may be exacerbated by
population density, growth and development. Research has found that mortality during
extreme heat events is higher in urban areas due to the thermal effects of heat islands
(Buechley et al., 1972; Clarke, 1972; Bridgman et al., 1995; Smoyer, 1998). The urban
heat island effect, for example, is a well-documented phenomenon where urban areas
tend to have higher average temperatures than surrounding areas, particularly at night
(Chen and Zhou, 2004; Chen et al., 2006). Analysis of thermal environments around
different locations in Melbourne with different development densities revealed a
tendency for higher temperatures (particularly nighttime temperatures) in the more
densely developed areas (Coutis et al., 2007). As such, future development decisions and
densities are likely to have an influence on the thermal environment of the Western Port
region, although this is likely to be significant only for the region’s most densely
populated areas.

The risk of adverse health effects in response to high temperature events is also heavily
dependent upon socio-economic and demographic characteristics. First and foremost, the
sensitivity of different areas across the Western Port region to extreme heat events is
dependent upon the size of the exposed population. The greater the number of individuals
exposed, the greater the likely number of deaths, as evidenced by observed heat-related
mortality across Australian cities (Woodruff et al., 2005). With the population of the
Western Port region rising, more individuals are likely to be exposed in a future warmer
climate. Perhaps more importantly, the aging of the region’s population is likely to
increase the size of the sensitive over-65 subpopulation. Experience with the 2003 heat
wave in Europe illustrated the fact that vulnerable sub-populations such as the elderly
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were more at risk if confined or with reduced mobility (Vandentorren et al., 2006), which
may be exacerbated when individuals live alone (Semenza et al., 1999).

Changing demographics must be considered in the context of other changes that are
likely to accompany demographic change in the decades ahead. Specifically, changes in
housing stock and materials may reduce future health risk associated with extreme events
(see below). For example, older, less thermally-efficient housing may be replaced over
time, and new development may be built to a higher standard and/or incorporate newer
materials, and individuals may make greater use of air conditioning or other
technological measures for addressing heat. Predicting the net effects of such changes is
quite difficult, but there is evidence for a relationship. For example, a UK study of
housing health and safety estimated that heat-related mortality was largely restricted to
housing in multiple-occupancy structures, with those living just under the roof
particularly at risk (Office of the Prime Minister, 2003). This is supported by a range of
earlier studies (Centers for Disease Control, 1981; Kilbourne et al., 1982; Semenza et al.,
1996; Smoyer, 1998). As such, there is a reasonable possibility that improvements in
building design and upgrading of housing in Western Port in the future may reduce
vulnerability to extreme heat episodes. On the other hand, scenarios where temperatures
rise, population densities increase, and housing construction proceeds with little
consideration for climate change can also be envisioned. Were such a future to occur,
increases in vulnerability would not be out of the question.

6.3.2. Building thermal comfort and energy demand

Increases in ambient temperature will have direct consequences on the
comfort of buildings, which will necessitate either changes in the manner
in which buildings are constructed and/or the management of heating and
cooling of indoor spaces.

Prior assessments have indicated that Australia’s building stocks have historically
developed and persist under extreme temperature conditions (BRANZ, 2007). As noted
previously, prior to the advent of air conditioning and other mechanical cooling
technologies, buildings were constructed with more attention to thermal comfort, such as
greater natural ventilation to the outside and the use of natural shading. In some ways,
improvements in technology have increased vulnerability of buildings to extreme
temperature events, as the availability and assumed reliance upon mechanical cooling has
led to the allowance of greater exposure to solar heating as well as reduced external
ventilation.

The practical consequences of higher temperatures are reduced indoor comfort, which, if
not appropriately managed, may have consequences on health under the worst-case
scenario, but chronic exposure may affect productivity of workers. However, it is almost
certain that buildings will be managed to maintain existing preferences for thermal
comfort as temperatures rise. With existing building stock, this will necessitate changes
in energy use, largely increasing energy consumption as usage of mechanical cooling
rises. For example, estimates of energy consumption for metropolitan Melbourne in 2070
indicate that consumption increases approximately three-fold compared to current (i.e.
2005) levels (Figure 6.41). However, despite a significant expansion of cooling energy
consumption, net annual consumption declines moderately due to a sharp reduction in
winter heating consumption that offsets increasing summer cooling. This response is
typical of buildings in southern temperate Australia.
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Nevertheless, an increase in summer peak energy demand could still be an issue for
households and other energy users in the Western Port region as seasonal peak demand
for electricity shifts from winter to summer. Peak loads are already nearing capacity on
many parts of the grid at present, and in the absence of effective demand management
strategies the growing demand during summer is likely to necessitate further
augmentation of capacity of both generation and local distribution networks. This
augmentation will require substantial investment and, depending on the relative pricing
of energy during different seasons and the likely increase in consumption during daily
times of peak demand, annual increased energy costs across the board could still occur
for energy users in the Western Port region, even with reductions in annual energy
consumption.

This outcome is a real possibility for some residential energy users if real time electricity
pricing is introduced as means of curbing summer peak demand — a policy response that
current climate projections is sure to encourage. Current pricing arrangements, which
allow for the ‘smearing’ of costs across different user groups, mean that air-conditioned
households are receiving an energy subsidy at the expense of non air-conditioned
households. There is insufficient data at the local council level to know whether
households in the Western Port region will in the main benefit or lose from changed
pricing arrangements.

Figure 6.41: Comparison of average annual energy consumption in

buildings
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Temperature increases associated with climate change will manifest against a backdrop
of ongoing development, including the construction of new buildings as well as changes
in building preferences and standards, design and materials. For example, population in
the LGAs of the Western Port region increased by 15% between 2001 and 2006.
Meanwhile, energy efficiency requirements were introduced in July 2004 in Victoria
requiring new houses to be built to a 5 Star standard, with Star rankings defined by the
Nationwide House Energy Rating Scheme (NatHERS; Branz, 2007). This followed the
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introduction of insulation requirements for new houses in Victoria in 1992. In contrast,
in a sample of 240 Victorian houses examined in 1999, more than 80% were rated as less
than 3 stars (AGO, 2000). Similarly, data for the Western Port region indicates that only
2 to 7 % of houses in the region (depending on the local government area) were
constructed post-2004 and therefore definitely meet the 5 Star rating (see Table 6.52),
although it is likely that at least some houses constructed prior to 2004 also meet the 5
Star rating. Nevertheless, further tightening of energy efficiency standards in new
construction and upgrades, scheduled for 2008, may contribute to reductions in per unit
energy consumption in the future, even though the total number of building units may
increase.

6.3.3. Degradation of building materials and infrastructure

Just as high temperatures can stress human beings, they also pose a
potential source of stress to building materials and other infrastructure.

For example, a report on climate change and infrastructure in Victoria (CSIRO et al.,
2007), rated temperature increases as posing a ‘moderate’ to ‘high risk’ on buildings and
infrastructure, with risk increasing with the magnitude of future temperature changes
(Table 6.54).

Table 6.54: Risk ratings of impacts on buildings and infrastructure due to
temperature increases

2030 2070
Impact

Low High Low High
Degradation of road asphalt Moderate | Moderate | Moderate | Moderate
Degradation of road foundation Moderate | Moderate | Moderate High
Rail track movement Low Moderate | Moderate High
Structural degradation of bridges Moderate High High High
Degra_datlon and failure of building Moderate | Moderate | Moderate | Moderate
materials

Low and high ratings are associated with low and high scenarios of temperature increases for each time period.
Source: CSIRO et al. (2007)

The predominant risk of extreme temperatures on infrastructure is associated with
transport. For example, CSIRO et al. (2007) identified the degradation of asphalt and
jointed concrete roads as well as degradation of road foundations as potential
consequences of increasing temperature extremes for Victorian transport (Table 6.54; see
also Mills and Andrey, 2002). Given the extensive length of roads within the Western
Port region (Table 6.55) and the significant proportion of council budgets currently
devoted to road construction and maintenance (5 to 13%)*®, marginal increases in road
degradation and maintenance costs could have significant implications for local
governments.

% See Chapter 8 for further discussion.
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Table 6.55: Total length of road infrastructure LGAs of the Western Port

region
Road Type Length (km)
Bass Coast 1,157.0
Cardinia Shire 1,765.4
Casey City 1,157.0
Frankston City 1,089.7
Mornington Peninsula Shire 2,267 1
Total 7,436.2

Extreme temperatures have also been associated with adverse effects on rail
infrastructure, such as shifting and/or buckling of tracks (Table 6.54). For example, an
analysis of rail incidents from the United States found that irregularities in track
alignments were a common cause of rail accidents (Rossetti, 2002). This problem can
also cause extensive service disruptions, as happened on 11 January 2008 when extensive
delays and cancellations were experienced on the Melbourne metropolitan rail network
(including many on the Frankston and Pakenham lines) as result of buckling of tracks and
failure of air-conditioning systems. Another indirect effect of rising temperatures on
transport and other infrastructure may be their effects on the timing of maintenance and
construction activities. Extreme heat days may constrain the timing of outdoor
maintenance activities due to concerns over occupational health and safety (Mills and
Andrey, 2002).
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6.4.

Summary of Potential Implications of Exposure to Extreme Temperatures in the Western Port Region

Locations
Bass Coast
Cardinia
Casey
Frankston
MPS*
Populations

Bass Coast
Cardinia

Casey
Frankston
MPS

Property
Bass Coast
Cardinia
Casey
Frankston
MPS

Bass Coast
Cardinia
Casey
Frankston
MPS

o All LGAs within the Western Port region are exposed to temperature extremes. However, those areas further inland where the moderating
effects of the ocean and sea breezes are diminished may be more vulnerable.

* Most sensitive populations occur on the north coast of Phillip Island, which has one of the highest density of individuals over the age of 65 in
the LGA.

e Townships in the LGA’s north, such as Emerald, Cockatoo and Gembrook may be at greater risk due to a relatively higher density of elderly
individuals and these areas are somewhat removed from the coast.

e Townships such as Cranbourne and other residential centres further north tend to have a relatively larger proportion of elderly individuals
than other parts of the LGA.

¢ The coastal frontage in the LGA’s southwest along Port Phillip Bay has a relatively dense population of elderly individuals.

¢ The entirety of the Port Phillip Bay coastline, particularly Sorrento and Portsea, has some of the greatest density of elderly communities in
the Western Port region, although proximity to the bay will help moderate extreme temperatures.

¢ Direct effects of temperature extremes are likely to be negligible, although some indirect effects to property may occur through impacts on
infrastructure, public health, and amenity (see below).

¢ Evidence suggests more frequent extreme temperatures will accelerate the degradation of certain building materials and roads, and may
increase the risk of accidents and failures in rail networks. Increased temperatures are also likely to increase cooling demand and reduce
heating demand, which would affect energy costs, depending upon pricing schemes. Such impacts may be less severe in newer
construction, assuming greater thermal efficiency in such structures, but such new construction comprises a small proportion of the region’s
building stocks.
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Business Activity

e Temperatures may affect business by reducing operational time windows or increasing work interruptions. Certain businesses, particularly
those based outdoors or on recreation, may experience a reduction in visitors during particularly hot days. On the other hand, warmer winter
temperatures may increase recreation utilisation creating more business opportunity.

MPS

Amenity

Frankston

*MPS - Mornington Peninsula Shire
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7. IMPACTS ASSOCIATED WITH CHANGES TO
AVERAGE RAINFALL

Chapter Summary

e 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.

o Drought frequency and intensity are projected to increase.

o 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 significantly.

e This has significant potential implications for the water supply / demand
balance in the region, although the nature and level of economic and social
impacts to the region’s water security are likely to depend greatly on
government policy response. It is likely though that water users in the
region will face significantly higher water prices in the future.

o Reduced average rainfall and reduced streamflow will also adversely
impact on amenity, recreational and ecological values in the region.

7.1. Rainfall in Western Port: The Issues

7.1.1. Regional average rainfall and drought projections

The Western Port region is one of moderate rainfall, with average annual
rainfall across regional monitoring stations of 759 mm, with median rainfall
at an almost identical 758 mm per annum.

Historic annual rainfall is relatively reliable from year-to-year with the data record
showing comparatively little variation (Table 7.56). Rainfall is highest in winter and
spring.

In a recent assessment of the general biophysical impacts of climate change in the
Western Port region undertaken as part of this study (Macadam et al., 2008), temperature
and rainfall projections were detailed for 2030 and 2070 for the region based on different
emission scenarios and global climate models. Although there is a range of uncertainty
around the rainfall projections (Table 7.57) the general trend is toward a reduction in
average annual rainfall. The trend is particularly evident for winter and spring rainfall.

These trends are based on averages and do not take account of variability and therefore
do not reflect changes to the frequency and severity of extreme wet or extreme dry years.
However, as reported in Macadam et al. (2008), taking into account both temperature and
rainfall, current research indicates the potential for an increase in the frequency of
droughts by 2030 and an increase in the frequency and severity of droughts by 2070 in
the region.
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Table 7.56: Mean annual rainfall in the Western Port region

Tooradin 1947-74 854.8
Cranbourne 1990- 811.7
Cowes 1882-78 764.0
Rhyill 1990- 676.8
Stony Point 1972-83 760.6
Cerberus 1986- 731.0
Cape Schanck 1879-1997 751.5
Philip I. Penguin Reserve 1981- 749.3
Mornington 1868- 734.8
Average for all sites: 759.4

Source: Bureau of Meteorology

Table 7.57: Projections of climate change impacts on temperature and

rainfall in the Western Port region

CHANGES IN AVERAGE DAILY TEMPERATURES (°C)

Annual 0.5 1.1 0.9 3.5
Summer 0.5 1.3 0.9 4.2
Autumn 0.5 1.1 0.8 3.6
Winter 04 0.9 0.7 3.0
Spring 0.5 1.1 0.8 3.7

CHANGES IN AVERAGE RAINFALL TOTALS (%)

Annual -8 0 -23 0
Summer -11 +6 -30 +18
Autumn -7 +4 -22 +14
Winter -8 +1 -24 +4
Spring -14 0 -38 0

Source: Macadam et al. (2008)
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7.1.2. Relationships between rainfall and runoff

The relationship between rainfall and surface runoff is not linear, and may
be influenced by a complex set of drivers and interactions.

Variables such as soil moisture, plant evapo-transpiration rates, temperature and relative
humidity play a significant role, as does catchment land use such as vegetation
composition and the numbers of farm dams. As has been most apparent in recent years,
the seasonal distribution of rainfall is particularly important to runoff, as rainfall in drier
periods and/or warmer months is likely to result in disproportionately less surface runoff
than rainfall in wetter periods and/or colder months (Preston and Jones, 2008).

A preliminary investigation into the possible consequences of climate change for
Victorian water resources was undertaken by Jones and Durack in 2005. The Western
Port region lies within the Bunyip River and South Gippsland Basins (Figure 7.42).
Based on the modelling by Jones and Durack (2005), both basins show a tendency for
significantly decreased streamflow. For the Bunyip River basin the projections are -5 to -
30% by 2030 and -5 to >-50% by 2070. However, this basin imports 140,000 ml per year
from the Thomson and Yarra river basins, where streamflow is also likely to decrease (0
to -25% by 2030 and -5 to >-50% in the Thomson, and 0 to -20% and -5 to >-50%
respectively in the Yarra). In the South Gippsland Basin, the projected streamflow ranges
are -5 to -25% by 2030 and -5 to >-50% by 2050.

Figure 7.42: The Bunyip River and South Gippsland basins

Bunyip River Basin South Gippsland Basin
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It is useful to consider these projections in context of the recent extended drought in
Victoria. A sample of seven river systems across Victoria, undertaken by DSE (2007),
showed that average annual flows over the ten year period from 1997 to 2006 were
between 37 % and 83 % below the long-term average flows for these rivers (DSE, 2007).
Collectively, these short-term flow reductions are more than CSIRO’s worst projected
long-term flow reductions for 2030 under climate change (Jones and Durack, 2005), but
are generally less than projections for 2070 (Table 7.58).

Given the historic significance of winter and spring rainfall to water resource availability
in the wider potable water supply catchments for the Western Port region, it may be
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reasonable to assume that the rainfall projections in Table 7.57 will be associated with a
decline in the availability of surface water resources, probably of a much greater
magnitude. Similar presumptions may also be made in terms of reduced groundwater
recharge (and hence declining aquifer yields).

Table 7.58: Actual and projected flow reductions in selected Victorian
catchments

Goulburn 38% 35% >50%
Loddon 67% 35% >50%
Wimmera-Avon 83% 40% >50%
Mitchell 40% 25% >50%

0,
20% (Yarra) >50% (Yarra)

’ o, 0, -
Melbourne’s storages 37% 25% (Thom-McA) >50 ﬁ é:lo'\?om
Werribee 63% 30% >50%
Moorabool 83% 35% >50%

Sources: Jones and Durack (2005); DSE (2007).

7.1.3. Trends in potable water supply and demand

Most of the Western Port region sources its potable water from the
Melbourne metropolitan system, via South East Water Limited. Westernport
Water Corporation also supplies potable water to part of Bass Coast Shire.

Estimated 2006 water consumption, comprising all metered use plus unaccounted for
(unmetered) water, in the Western Port region is outlined in Table 7.59. Significantly,
Western Port regional per capita consumption (98.2 KI per annum) appears to be lower
than the 2006 average for greater Melbourne (120.9 Kl per annum).

Table 7.59: Western Port region estimated 2006 potable water consumption

552,906 54.31 98.2

*includes commercial and industrial use and (estimates of unaccounted for
water/losses.

*" Derived from (i) SEWL data supplied for municipalities of Casey, Cardinia, Frankston &
Mornington shire, plus a 12.7% unmetered factor, (ii) data supplied by Westernport Water, and
(iii) Water Services Association of Australia
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Demographic and built environment considerations are likely to be major factors
influencing this situation. Per capita water consumption tends to be lower in large
households than in small households and, on average, households are slightly larger in
the Western Port region than in greater Melbourne. Water consumption is also linked to
income, garden size and type and to local character (Troy, Holloway & Randolph, 2005).
In other words, higher-income households with large gardens, in more established ‘leafy’
suburbs, tend to use more water. Arguably, these households are less well represented in
the Western Port region.

Population in the Western Port region is projected to grow substantially (44%) between
now and 2031 (see Figure 2.8), comprising increases in permanent residents in greenfield
and infill urban development. Also associated with this growth will be an increase in the
number of commercial, industrial and other non-residential water users. This growth can
be expected to be broadly consistent with future per capita water consumption patterns
that apply across the rest of metropolitan Melbourne.

An additional consideration is that, after construction of the proposed 150 GI desalination
plant at Wonthaggi, Westernport Water is likely to be able to connect to the greater
Melbourne water supply network. South Gippsland Water may also have cause to make
use of this option.

A number of supply and demand scenarios for Greater Melbourne are possible:

=  On the one hand, planning for a 235 gigalitre augmentation of potable water supplies
is well underway, brought forward in response to a 37 % reduction to Melbourne’s
catchment water yield*®.

= On the other hand, possible continuation of a drying trend caused by climate change,
combined with other factors such as population growth and environmental watering
obligations, may erode these water supply gains.

Given this, greater Melbourne including the Western Port region, is likely to continue to
face challenges in the future in relation to its potable water supply and demand balance.

7.2. Exposure of Human Settlements to Rainfall- Related Impacts

Existing literature on climate change and reductions in average rainfall and
increased frequency and/or severity of drought suggest that the impacts
most relevant to the region’s settlements are:

= reduced water supply to the region; and

= reduced runoff and soil moisture which in turn will impact on amenity
and recreational values®.

To the extent that changes in average rainfall affect water supply and demand, exposure
to these changes is likely to be fairly uniform across the region.

* Wonthaggi desalination plant, Tarago reconnection, and Sugarloaf pipeline.

* Reduced runoff and soil moisture also have the potential to significantly impact on the region’s
agriculture. Impacts of climate change on agriculture were not assessed as part of this study but
are discussed in an earlier scoping study of climate change impacts in the Western Port region
(Brooke and Kinrade, 2006).
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One exception is households and businesses in the region, principally in rural areas, that
are not connected to reticulated water supplies. In the face of reduced average rainfall in
the region, these water users may be confronted with additional challenges in terms of
potable water availability and quality. Regional data on the numbers and locations of
households and businesses not connected to reticulated systems is not currently available
though.

7.3. Social and Economic Impacts

7.3.1. Potable water supply

The potential for reduced potable water supply stemming from climate
change, combined with increased water demand due to population growth
and other trends, has significant social and economic implications for the
Western Port region.

The nature and extent of any impacts on the region though will largely depend on the
policies and measures implemented by the state government and the water industry. In
that respect, the water supply and demand issue is qualitatively different to many of the
other issues discussed in this report. There are a number of potential approaches to
dealing with the potential water reliability problem. They include:

= additional water supply augmentations (traditional or non-traditional) paid for by
water users;

= continuing reliance on water restrictions;
= water efficiency regulations and associated measures; and

= a market-based approach to water scarcity, such as an intra-urban water market.

A detailed discussion of these approaches is beyond the scope of the study. It is
important to note however, that the different approaches are not mutually exclusive and it
is probable that future responses will comprise a combination of approaches. What this
means for water users in the Western Port region is uncertain, since different approaches
will have different impacts. Regardless of approaches adopted however, it is likely that
Western Port communities will face water price increases in the future, possibly
substantial’®. The main difference in outcomes of different approaches relates to who
bears the burden of the price increases and by how much.

Specific characteristics of the Western Port region will also influence the impacts of state
government and water industry responses to changes in the water supply-demand
balance. These characteristics include:

=  Population growth. As previously discussed, the region’s population is projected to
grow by 44% by 2031 compared to 17.8% for the remainder of greater Melbourne.
This population growth and associated new housing developments presents both

% The Victorian Government has forecast for example that, given the combination of water
shortages and the cost of planned water augmentation, water prices in the Melbourne region will
double by 2012 (Office of the Premier, 2007). These could be expected to rise substantially
more, if further augmentations are required due to continued growth in demand and/or climate
change.
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challenges and significant opportunities in relation to the implementation of water
efficiency measures and non-traditional water supply augmentations, such as water
recycling and grey water re-use. Challenges include the cost implications for new
homes of regulatory and other water savings measures. Opportunities include the
potential for new housing developments to showcase water efficient design and to
reduce dependence on mains water.

= Potential for local supply augmentations. In addition to measures associated with
new housing developments, local water supply augmentations can reduce
dependence on mains water and the impacts of water restrictions. This is already
evident in the Western Port region where most local councils are planning for, or are
in the process of implementing, local supply augmentations including water reuse
schemes and rainwater tanks. These schemes will significantly increase councils’
ability to water sporting fields, public parks and gardens in times of restrictions (see
following section).

7.3.2. Environmental and amenity impacts associated with changes to
average rainfall

A drying trend across the Western Port catchment is likely to have a
number of biophysical manifestations.

These include:

=  Reduced surface runoff and groundwater-derived base flows, and an increased
likelihood of low flows, affecting

= waterway flows and the ecological health of waterways and estuaries; and
= wetland health.

= Reduced average soil moisture levels, either in some seasons (e.g. summer) or
throughout the year. This will impact on some infrastructure.

= Reduced groundwater recharge and aquifer levels, potentially impacting on
groundwater-dependent ecosystems such as waterways, terrestrial vegetation
communities, and coastal ecosystems such as saltmarshes, mangroves and seagrass
beds (Kammermans et al. 2002).

Some of these impacts may further compound the effects of other degrading processes
(such as habitat fragmentation), and be both severe and irreversible. Whilst the impact of
reduced groundwater flows on mangroves and seagrass beds has not been studied for the
Western Port region, it is known to be a factor in seagrass decline internationally.

For human settlements in the Western Port region, these impacts have implications for
environmental, social and economic values in the region. In terms of the issues and
values that are impacted, these are discussed briefly as follows:

=  Waterway and wetland health: Waterways and wetlands provide a range of values
and services to urban and township communities, including amenity values (such as
property values) and recreational values (e.g. linear waterway parks and reserves;
birdwatching). As such, waterways and wetlands also support a range of use and
non-use economic values. These values have not been quantified as part of this
study.

Final Report Page 143



Impacts of Climate Change in the Western Port Region

= Coastal and estuarine health: The relationship between the volume of surface
water and groundwater flows to the coastal and marine environment is not well
understood in the study region. To the extent that there may be a relationship, values
that may be impacted include:

- recreational (and commercial) fishing stocks and fish recruitment capacity;

- non-use values associated with the health, diversity and robustness of coastal
ecosystems in the region.

* Domestic gardens, municipal gardens and sporting fields: Domestic and
municipal gardens and parks can be expected to support considerable (albeit variable)
social and amenity values in settlements across the Western Port region. All other
things being equal, reduced rainfall will increase the need for supplementary
irrigation. The extent to which catchment drying impacts on domestic gardens will,
by and large, be related to the future likelihood of water restrictions applying to their
irrigation, as discussed in section 7.3.1.

= Streetscapes: Streetscapes, including nature strips, street trees and other features,
are likely to be more vulnerable to the effects of catchment drying than domestic and
municipal gardens and parks. This is because streetscapes are generally dependent on
rainfall rather than irrigation.

= Infrastructure exposed to drying soils: The foundations of residential and
commercial buildings, roads and transmission lines and subterranean infrastructure
such as water, sewerage and gas pipes may be vulnerable to increased degradation or
even structural failure due to a long term decrease in soil moisture or increased
variations in wet / dry spells. Further infrastructure and soil mapping and analysis
are required however, to identify the region’s infrastructure most exposed.

= Bushfire risk: Elevated bushfire risks are discussed in Chapter 5.
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7.4. Summary of Potential Impacts of Exposure to Average Rainfall Changes in the Western Port Region

Sector/LGA Summary of Potential Average Rainfall Exposure and Impacts

Locations

Bass Coast

e As much of the region’s water supply is centrally managed, both supply excesses and deficiencies are likely to have similar implications
throughout the Western Port region. Users who are not connected to reticulated supplies may be more vulnerable to water supply security.
However, users who utilise groundwater may be buffered against impacts on the metropolitan supply network, provided aquifer resources are
managed sustainably.

Casey

MPS*
Populations

Bass Coast
¢ As above, although residents in areas not connected to reticulated supplies have the potential to be most affected by security of supply issues.

Impacts in terms of water prices could vary between different water user groups, e.g. residents living in new residential areas compared with
residents living in established areas.

Casey

MPS
Property
Bass Coast

« Increased water prices and/or restrictions may curtail water use at the property level or create incentives for investments in water conservation

Casey and reuse (e.g., on-site retention or greywater use).

MPS
Infrastructure
Bass Coast

¢ Maintenance of public parks, gardens and recreational facilities may be adversely affected by increased water prices or restrictions.

Casey e Some infrastructure may be adversely affected by exposure to more frequent or severe dry conditions reducing soil moisture.

MPS
Business Activity
Bass Coast

o Water dependent businesses in the region including nurseries, turf farms, swimming pool suppliers and landscape gardeners will be adversely

Casey affected by an increase in the price of water and/or restrictions.

MPS
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Bass Coast
Cardinia

e Access to public parks and recreational facilities may be adversely affected by increased water prices and/or restrictions.

Casey ¢ General drying could adversely affect streetscapes.

Frankston
MPS

*MPS - Mornington Peninsula Shire
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8. REVIEW OF IMPACTS AND EXAMINATION OF CROSS
SECTORAL ISSUES

8.1. Review of potential impacts

As indicated by the preceding chapters, settlements in the Western Port
region face significant exposure to natural hazards associated with current
climate variability and future climate change.

Furthermore, such exposures may have cascading impacts that extend well beyond
simply the inundation or burning of land, having the potential to affect human life and
health, public infrastructure and services, economic activity and commerce, and public
amenity.

Some impacts of climate change, such as impacts of changes to average rainfall on
potable water availability and impacts associated with extreme temperatures, are likely to
be felt more or less throughout the Western Port region. Other impacts though, will vary
significantly depending upon the spatial distribution of hazards and human assets,
populations and infrastructure. In other words, some types of natural hazard are
geographically specific and location therefore is a key determinant of the potential for
climate change to impact on people and infrastructure. Coastal inundation, extreme
rainfall and bushfires are three such hazards.

8.1.1. Exposure to coastal inundation, flooding and bushfires

There are numerous potential methods for comparing exposure fo climate
change. Figure 8.43 is one such method. It provides a summary of land areas, property,
people, dwellings and roads exposed to the three spatially related hazards: storm surge
inundation (1 in a 100 year ARI in 2070); flooding associated with extreme rainfall; or
bushfires. The area within each colour-coded region represents a relative indication of
the aggregate exposure across different asset categories.

The information in Figure 8.43 indicates that:

= land areas, numbers of people and extent and value of assets exposed to inland
flooding and bushfires are greater than to coastal inundation;

= Jand areas, numbers of people and extent and value of assets exposed to coastal
inundation are greatest in Mornington Peninsula Shire, Bass Coast Shire and the City
of Casey, in that order;

= Jand areas, numbers of people and extent and value of assets exposed to inland
flooding are greatest in Cardinia Shire, City of Casey and Frankston City; and

» land areas, numbers of people and extent and value of assets exposed to bushfires are
greatest in Cardinia Shire and Mornington Peninsula Shire.

While the above generalisations hold at the LGA level, even within a single LGA, there
is a significant degree of variability with respect to exposure to the three hazards. Some
of the key locations identified in the Western Port region that represent exposure hotpots
include the following:
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Figure 8.43: Summary of populations and infrastructure in Western Port
LGAs exposed to coastal inundation, flooding and bushfires

Cardinia
Exposed Area (101 km?)

Bass Coast
Exposed Area (10" km?)

Roads (101 km) Property  Roads (101 km) Property

Casey

Residential Properties (109

Value (10° $)

People (107)

Exposed Area (101 km?)

Residential Properties (107)

Frankston
Exposed Area (101 km?)

People (103)

Value (10° $)

w00

Property

Roads (10" k
oads ( m) Value (109 §)

People (107) People (107)

Mornington Peninsula
Exposed Area (10" km?)

Residential Properties (102) Residential Properties (102)

Property

Roads (10" km) Value (10° §)

Storm Surge

—— Extreme Rainfall

—=— Bushfire Residential Properties (102) People (109)

Each plot represents the estimated exposure of land areas, property, people, dwellings, roads and
drainage pipes to either storm surge inundation (1 in a100 year ARI in 2070), inundation/flood
hazard or bushfire hazard. The area within each colour-coded region represents a relative indication
of the aggregate exposure across different asset categories. The same quantitative scale is used for
each figure, allowing comparisons across different impacts or LGAs. Note the logarithmic scale — as
one moves from the centre of the figure, each successive ring represents a 10-fold increase in
exposure.
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= Storm Surge Inundation — Phillip Island townships in Bass Coast, coastal
townships in Casey, and Hastings in Mornington Peninsula Shire. However,
beaches, foreshore areas and reserves and coastal wetland areas throughout the
region are likely to be affected by sea-level rise and storm surge events.

= Extreme Rainfall Inundation/Flooding — Bass River flood plain, northeast and
southern Cardinia (Koo-Wee-Rup swamp), southeast Casey, northwest Frankston
and the Frankston Central Activity District (CAD), and the Western Port Bay
coastline of Mornington Peninsula (e.g., Hastings and Shoreham).

=  Bushfire - North and southeast Bass Coast, northern Cardinia including the
townships of Emerald, Cockatoo and Gembrook; central and southeast Frankston;
bushland areas in Mornington Peninsula, particularly around the townships of
Dromana and Mornington as well as around HMAS Cerberus.

8.1.2. Climate change exposure, impacts and risk

Although Figure 8..43 provides useful overview of the extent of land,
people and assets exposed to the impacts of climate-related hazards, great
caution needs to be exercised in interpreting and using this information.

Exposure estimates are a good starting point, but they do not provide a complete picture
of the potential for impacts associated with future climate change — impacts associated
with changes to average rainfall and to temperature, for example, are not accounted for in
the exposure estimates. Nor do exposure estimates provide a complete understanding of
the relative importance of different types of impacts — physical exposure is only one of a
number of variables that can be used to assess the significance of climate change impacts.
Changes to the frequency and severity of hazards must be taken into account, as must
changes to associated physical processes. Then there is the question of how these
changes will flow through to impacts on economy and society.

In the case of coastal inundation, for example, although the extent of land exposed to
inundation in the region is substantially less than the extent of land exposed to flooding
or bushfire, consideration of the potential future impacts from coastal inundation must
also take into account:

= projected changes in the frequency of storm surge events’';

= coastal erosive processes that may greatly exacerbate future damage to, or
potentially, complete loss of beaches and foreshore areas; and

= the full range of potential consequences of impacts — not just loss of value of
property and assets directly exposed to inundation, but also the indirect and
intangible consequences of inundation, such as impacts on amenity values and on
local tourism.

Similarly, consideration needs to be given to the significance of infrastructure that is
exposed to the impacts. For example, certain infrastructure within the Western Port
region is critical on both a local and regional basis. Examples include:

3! As noted previously, areas currently exposed to a 1 in 100 year storm surge will, under a worst
case scenario, be subjectto a 1 in 1 to 1 in 4 year storm surge by 2070.
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= key transport corridors such as 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;

= industrial facilities in the vicinity of Hastings; and

= emergency management facilities, medical centres and communications
infrastructure as well as local government buildings, schools and nursing homes.

In some cases this infrastructure is exposed to more than one climate-related hazard, a
factor that should be considered when assessing potential impacts.

In conclusion, meaningful determination of the relative importance of potential impacts
of climate change in the Western Port region are best made in the context of an
assessment by decision makers of all of the factors that can bear on the likelihood of
climate change impacts occurring and the consequences of those impacts should they
occur. Exposure is just one of those factors, albeit an important one. Other factors
however, such as community attitudes towards the impacts, the degree to which the
impacts result in permanent damage or loss and capacity to manage the impacts, all need
to be considered. Risk assessment, established through the Australian Standard AS 4360,
provides a framework for assessing all such factors (Broadleaf and MJA, 2006)*.

8.2. Vulnerable groups

Climate change literature points to a range of social characteristics that
can make people vulnerable to natural hazards such as those associated
with climate change.

Based on those characteristics, a number of groups emerge as being especially vulnerable
to the impacts of climate change (see for example Dwyer et al., 2004). These are:

= Jow income earners;
= the elderly;
= infants; and

= people with existing health conditions (including physical and mental health
conditions).

The vulnerability of these groups to climate change could stem from three factors:

= their high level of exposure to particular climate impacts relative to the rest of the
community;

= their sensitivity to those impacts; and/or

= their limited capacity to prepare for and respond to the impacts if and when they do
occur (generally referred to in the climate change literature as ‘adaptive capacity’).

52 A climate change risk assessment has been undertaken by each of the local councils in the
Western Port region as a part of the Western Port Integrated Assessment project. An overview of
the process undertaken and a summary of risks identified are contained in the project report on
‘Climate Change Risks and Adaptation’.
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The vulnerability of low income earners and the elderly to climate change in the Western
Port region is examined in this section considering these three factors.

8.2.1. Exposure of vulnerable groups

A potentially important question in the consideration of populations that
are vulnerable to climate change is whether low income earners or the
elderly are over-represented amongst the households exposed to coastal
inundation, flooding or bushfires.

Physical exposure of households and infrastructure to particular climate impacts has
already been closely examined in preceding chapters, notably in chapters 3 to 5, covering
coastal inundation, inland flooding and bushfires. Studies have examined this question,
particularly with respect to low income household exposure to flooding (Chen et al.,
2005; BTRE, 2001). The results of those studies have been inconclusive, with some
flood-prone urban areas examined around Australia supporting the hypothesis that people
living in flood prone areas tend to have low income, and other areas not supporting the
hypothesis.

This suggests the need for close examination of exposed localities in the Western Port
region to determine the social characteristics of those who are exposed. To that end, some
preliminary assessment of the income and age characteristics of populations exposed to
coastal inundation in the Western Port region has been undertaken drawing on ABS 2006
census data at the census collection district level.

Exposure of low income people

With respect to income, results are variable. In areas exposed to coastal inundation
median household incomes are relatively low. Indeed, in all municipalities with the
exception of Bass Coast (where median incomes are low anyway), the median household
income of areas exposed to coastal inundation is lower than median income of
households in the municipality as a whole. Median household incomes of areas exposed
to coastal inundation (for a 2070 1 in 100 year ARI scenario) are as follows:

= Bass Coast — $680/week ($636 across municipality)

* Cardinia — $959/week ($1078 across municipality)

= Casey — $961/week ($1097 across municipality)

»  Frankston — $625/week ($956 across municipality)

*  Mornington Peninsula — $827/week ($914 across municipality).

Exposed households with median household incomes <$600™ per week are located in a
number of localities in Mornington Peninsula Shire, including around Dromana,
Rosebud, Rye and Hastings and in the Bass Coast Shire in the Wonthaggi district,
Grantville, and around Cowes on Phillip Island (Figure 8.44).

> Note, the poverty line is conventionally set at 50% of median household disposable income but more
rigorous analyses take account of differences in household size and composition. ABS income data used in
this report is based on pre-tax rather than disposable income and therefore direct comparisons are not
possible. However, it is likely that most households with a pre-tax income of $400 or less are below the
poverty line and that many of those with incomes of $400—600 are below the poverty line also.

Final Report Page 151



Impacts of Climate Change in the Western Port Region

Figure 8.44: Median income of households in census districts that are
exposed to storm surge in the Western Port region
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On the other hand, low income households do not appear to be over represented in areas
exposed to flooding. In all municipalities, with the exception of Frankston, median
household incomes in areas exposed to flooding are comparable to or higher than median
incomes for the municipality as a whole:

= Bass Coast — $879/week ($636 across municipality)

» Cardinia — $1,121/week ($1078 across municipality)

= Casey —$1,117/week ($1097 across municipality)

»  Frankston — $797/week ($956 across municipality)

= Mornington Peninsula — $1,049/week ($914 across municipality).

However, there are exceptions, including Hastings in Mornington Peninsula Shire, the
area around Wonthaggi in Bass Coast Shire, and parts of Seaford in Frankston City
(Figure 8.45).
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Figure 8.45: Median income of households in census districts associated
with inundation/flood hazard areas of the Western Port region
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Similarly, although some bushfire prone areas have low median incomes — notably
around Rye in Mornington Peninsula Shire and again, around Wonthaggi and Grantville
in Bass Coast Shire — overall, most bushfire prone areas have moderate incomes and are
even quite high in some localities (Figure 8.46). Median household incomes in exposed
bushfire prone areas are as follows:

= Bass Coast — $725/week ($636 across municipality)
* Cardinia — $1,265/week ($1078 across municipality)
= Casey — $1,257/week ($1097 across municipality)

*  Frankston — $1069/week ($956 across municipality)

= Mornington Peninsula — $1,055/week ($914 across municipality).
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Figure 8.46: Median income of households within census collections
districts that overlap bushfire prone areas in the Western Port region
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Exposure of elderly people

With respect to representation of elderly people in coastal inundation, flood and bushfire
exposed populations, results are somewhat clearer. In Bass Coast, Frankston and
Mornington Peninsula, elderly people (> 65 years of age) are generally over represented
in the populations exposed to the various climate related hazards, as compared with the
percentage of elderly in Victoria’s population as whole (Table 6.52). The representation
of elderly people in populations exposed to natural hazards is particularly high in storm
surge exposed areas (notably in Frankston, Bass Coast and Mornington Peninsula) and is
also quite high in a number of the areas exposed to the other hazards (Table 8.60).

Although the future age structure of exposed populations cannot be known for certain,
the current trend of population ageing - in Victoria and the region — indicates that, in the
future, elderly people will continue to constitute a significant proportion of the region’s
population exposed to climate related natural hazards.
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Table 8.60: Average percentage of population 2 65 years of age in Western
Port CCDs exposed to various natural hazards

Bass Coast 24 16 20 23
Cardinia 12 11 9 10
Casey 10 7 13 8

Frankston 43 15 13 13
e | R
Victoria N/A N/A N/A 14
N/A indicates state-level data were not available

Source: ABS 2006 Census

8.2.2. Sensitivity of vulnerable groups

It has already been noted that the elderly are especially sensitive to
temperature extremes.

This factor alone means that particular attention may need to be paid to those groups in
formulating responses to temperature extremes in the region, especially in those parts of
the region that have high proportions of elderly residents, such as in Bass Coast and
Mornington Peninsula Shires.

8.2.3. Factors influencing adaptive capacity

Considerable attention is paid in the literature to vulnerability of low
income earners and the elderly.

Primarily, the focus on these groups stems from the potential for them to have limited
adaptive capacity (Dwyer et al., 2004; IPCC 2007c), which can cut across virtually all
impacts associated with climate change. Limited adaptive capacity can stem from:

= Jack of resources;

= physical or mental incapacity;
= lack of mobility;

= social or physical isolation;

= poor housing relative to the rest of the population (weather proofing, thermal
comfort);

= lack of access to timely and relevant information; and/or

= inadequate insurance coverage (home and contents, health, personal).
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One example, relating to lack of resources and poor housing, is the impact on the elderly
and low income earners of an increase in the number of very hot days and spells. As
discussed in Chapter 6, substandard housing tends to have poor thermal performance.
Furthermore, low income people are less likely to be able to afford to install and use
cooling systems to improve their thermal comfort. Clearly, these adverse impacts are
compounded if exposed groups are elderly and on low incomes.

Another example, relating to information access, physical capacity and mobility, is
preparedness and response to natural hazards. Existing literature points to a clear link
between the extent of economic and social impacts of natural hazards, such as floods and
bushfires, and the level of preparation that people have undertaken and the amount of
prior warning they receive — the more warning, the better the preparation and the more
community experience with disasters, the lower the ratio of actual to potential damage to
property and (BTRE, 2001; Reed, Sturgess & Associates, 2000). Conversely, lack of
access or utilisation of information (e.g. the internet, information sessions) or physical
incapacity and poor mobility, can reduce people’s awareness of and ability to prepare for
hazards.

Given that there are significant groups of low income people and elderly exposed to the
impacts of climate change (especially in Bass Coast, Frankston and Mornington
Peninsula) the particular vulnerability of these groups, in terms of adaptive capacity, will
have to be carefully considered when assessing the risks of climate change in the region
and developing adaptation responses.

8.3. Planning and policy considerations

All levels of government have important roles in the community’s response
to climate change in the Western Port region. These roles are outlined in
Box 8.13. Key planning and policy issues relevant to government response
are discussed in the following sections.

8.3.1. Land use planning

Extensive areas of the Western Port region exposed to the impacts of
climate change have low population densities and are largely undeveloped
in the sense that they do not contain a great deal of infrastructure (public
or private). In Bass Coast Shire for example, approximately 85% of land exposed to
storm surges, 90% of land exposed to floods and 95% of land exposed to bushfires is
currently zoned rural or conservation (see Figures 8.5 to 8.7). Comparative figures in the
Shire of Cardinia are approximately 70%, 35% (85% including Green Wedge) and 90%
respectively.
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Box 8.13: Role of governments and agencies

Climate change in the Western Port region will present significant challenges to a wide
range of agencies involved in the provision of urban infrastructure and services and in
planning for population growth and future development in the region. As discussed in the
Victorian Climate Change Summit Discussion Paper A Climate of Opportunity (Victorian
Government, 2008), if climate change is to be effectively addressed, all levels of
government will need to establish shared goals and a clear division of responsibility. This
truism applies as much to the issue in the Western Port region, as it is does to elsewhere
in Australia. All three levels of government have responsibilities relevant to addressing
the impacts of climate change in the Western Port region. The Summit Discussion Paper
proposes a range of roles and responsibilities, some of which are relevant in relation to
the Western port region:

Commonwealth

= Ensuring consistency (but not uniformity) between responses implemented in the
Western Port region and elsewhere in Australia.

= Funding and other support for state and regional adaptation responses.
State

= Ensuring land-use and coastal planning and management, infrastructure and service
planning and emergency response and recovery arrangements factor in regional
climate change projections and potential impacts.

=  Supporting regional and local adaptation responses and community groups.

= Virtually all state government departments and agencies will have some role in these
respects.

Local

= Understanding the local implications of climate changes.

= Implementing statutory planning decisions.

= Informing and engaging local communities on the impacts of climate change.

= Ensuring local infrastructure and service provision factors in climate change.

In addition to the three levels of government, energy and water utilities and other

agencies, such as port authorities, have important roles in planning for and responding to
the impacts of climate change in the region.

Because many of the functions of these agencies are linked and because climate change
will affect a wide range of areas, a coordinated approach to adaptive planning will be
crucial to ensure adaptation measures in one area do not have negative impacts upon
another and to ensure an efficient response in the context of agency resource
constraints.
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Figure 8.47: Percentage of zoned land types (by area) associated with
storm surge inundation in Western Port LGAs in 2070
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Figure 8.48: Percentage of zoned land types (by area) associated with
inundation/flood hazard areas in Western Port LGAs
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Figure 8.49: Percentage of zoned land types (by area) associated with
bushfire prone areas in Western Port LGAs
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Although this information could be construed as providing comfort to land use planners,
for a number of reasons climate change in the Western Port region presents particular
challenges for future land use planning decision-making:

First, in some local government areas there are already extensive ‘development’
areas that are exposed to one or more impacts of climate change. In Frankston City
for example, approximately 60% of land subject to flooding is zoned residential, with
a further 20% being other ‘development’ zones including roads, industrial and
special use; comparable areas are also exposed to bushfires there. In Mornington
Peninsula Shire almost 45% of the area subject to storm surges are zoned either
residential, industrial or roads.

Second, as previously discussed, the population of the Western Port region is
projected to grow by about 245,000 (44%) by 2031. Much of this growth
(approximately 167,000) is projected to occur in the City of Casey and Shire of
Cardinia, designated under Melbourne 2030 (Dol, 2002) as the major urban growth
corridor for south east Melbourne. The strategy document which accompanies
Melbourne 2030, A Plan for Melbourne’s Growth Areas (DSE, 2005) notes that there
are severe limits to additional growth in Casey-Cardinia arising from environmental
sensitivity of surrounding wetlands and coastal areas and the region’s high value
agricultural areas. These limits mean that *“...Iand identified for development must be
used as efficiently as possible (and) growth in the region will require careful
monitoring and assessment” (p.23). Climate change adds to the imperative for
efficient use of this land and careful monitoring of growth in Casey-Cardinia, since
much of the land designated for growth is exposed to either flooding or bushfires.

Third, climate change could create or add to other environmental, social and
economic pressures associated with development of land on Melbourne’s south east
fringe including:
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- increased pressures on the already environmentally sensitive wetlands and
coastal areas; and

- increased demand for the region’s high value, productive agricultural land.

* Finally, climate change 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, driven in part by the ‘sea change’ and
‘tree change’ phenomena. This population growth, although less substantial than in
the growth corridor, is still likely to be significant. Furthermore, much of it will
occur in areas exposed to coastal inundation, flooding or bushfires, and in some cases
all three hazards.

These challenges need to be considered in the context of the current planning and policy
environment in Victoria. At the strategic level, for example, the Victorian Government
recently flagged a review Planning and Environment Act 1987, placing particular
emphasis on:

= streamlining the growth area planning process to ensure that zoned land is available
in a timely manner for future urban development, and

= strengthening certainty and timeliness in the planning process (Brumby, 2008).

In undertaking the review, careful attention will need to be paid to the climate change and
land use planning issues outlined above.

At the implementation level, local planning schemes may also need to be reviewed. For
example, local planning schemes at present do not explicitly take account of the potential
for coastal inundation and erosion when dealing with development in the coastal zone.
Similarly, although local planning schemes currently include codes and guidelines to deal
with development in flood and bushfire exposed areas, these codes may need to be
reviewed in light of the potential for an increase in the frequency and/or severity of
floods and bushfires in the region.

8.3.2. Emergency management and volunteer support

Many if not most of the significant risks of climate change to local
communities in the Western Port region will arise from changes to the
frequency or severity of extreme weather events — storm surges and
coastal inundation, intense rainfall and associated flooding, heatwaves,
and bushfires.

As noted in a recent report on climate change, risk and vulnerability (Allen Consulting
2005), settlements and infrastructure are generally built to accepted risk limits based on
the expected return frequency of extreme weather events. Above these limits however,
damage, injury and death can accelerate in a non-linear way.

This possibility 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. In so doing, intra-regional differences in terms of populations exposed to different
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climate impacts will need to be taken into account, as will differences in the vulnerability
of exposed populations due to social characteristics such as income and age.

Emergency Management Australia (EMA, 2004) stresses the importance of local
councils in the emergency management process since they serve as a key point of contact
for local emergency issues and are usually the first level of support for local
communities. Similarly, in its review of natural disasters in Australia (COAG, 2004), the
Council of Australian Governments places substantial responsibilities and roles on local
government for natural disaster management, these being:

= ensuring all requisite local disaster planning and preparedness measures are
undertaken,;

= ensuring an adequate local disaster response capability is in place, including local
volunteer resources;

= undertaking cost-effective measures to mitigate the effects of natural disasters on
local communities, including routinely conducting disaster risk assessments;

= systematically taking proper account of risk assessments in land use planning to
reduce hazard risk;

= undertaking public education and awareness, and ensuring appropriate local disaster
warnings are provided;

= ensuring appropriate local resources and arrangements are in place to provide disaster
relief and recovery services to communities;

= representing community interests in disaster management to other levels of
government and contributing to decision-making processes; and

= participating in post-disaster assessment and analysis.

Local councils in the Western Port region appear to be taking these responsibilities
seriously. All councils have in place comprehensive municipal emergency management
plans that address the points above. However, effective implementation of the plans
requires adequate resourcing and although the COAG review establishes cost sharing
arrangements (COAG, 2004), it does not appear to have taken into account potential
additional cost burdens on local councils arising from the increased frequency and/or
intensity of natural disasters due to climate change.

Climate change also poses significant challenges for volunteer and community groups in
the region, with challenges arising from the cumulative effects of more frequent and/or
more severe extreme weather events on resources (people as well as finances). This
challenge has already been discussed in relation to volunteer based emergency
management organizations in the region, such as the CFA and SES. However, other
types of voluntary support could also be affected. For example, about 25% of all
voluntary work in Victoria is currently performed by people who are 65 years of age or
over (ABS, 2007b). As noted in 8.2.1, this group is particularly vulnerable to the impacts
of climate change and it is not inconceivable that their capacity to perform voluntary
work will be impaired by climate change in a number of circumstances (e.g. delivery of
meals-on-wheels during heat waves). This is just one example, but it highlights the
importance of strengthening the capacity of community groups and volunteer
organizations to respond to climate change in the region.
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8.3.3. Local government financial impacts

Increased natural hazards and other potential impacts of climate change
have a potentially significant bearing on the direct and indirect costs of
service providers.

For local councils in the Western Port region, these costs relate not just to the provision
of emergency services (discussed above) but also to their day-to-day operations and
service provision.

A preliminary review of capital and operating expenditure by local councils in the
Western Port region was undertaken for this study. Based on the review, it is estimated
that approximately 19% of council’s annual expenditure can be classified as being
directly ‘climate exposed’ (Table 8.61), consisting of capital and maintenance
expenditure on roads, drains, open space and buildings.

Table 8.61: Climate exposed expenditure of Western Port region councils

Annual average
Category of expenditure (t;)(()%zn_dzig;rf) tZt:\ 'ic;:;;:t
($°000)
Annual budget 588,243 100%
Capital works & maintenance 129,563 22%
Roads 48,333 8%
Drains 1,975 0%
Open Space 33,022 6%
Buildings 26,164 4%
Climate exposed 109,494 19%
Other 20,069 3%

Sources: Council financial statements

Although it is not possible to be precise about the extent to which this expenditure will be
affected by climate change in the future, discussion in the preceding chapters on the
potential impacts of climate change suggests that the cumulative effects of future changes
in the frequency and intensity of these impacts could have significant budgetary
ramifications for councils. In addition, there are a range of council expenditures that are
indirectly exposed to climate events and climate change, including emergency
management (already discussed), health and aged care.

Overall therefore, climate change has the potential to have substantial implications for
council resource allocation, future decisions about which will require careful assessment
of risks, costs and benefits.
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8.3.4. Legal issues

Climate change has potential legal implications for local councils and state government
agencies. Legal issues relate in particular to:

= development approval processes including developments that have the potential to be
impacted by the effects of climate change and major developments that have the
potential to impact on climate change; and

= council and state government responses relating to the impacts of climate change on
existing properties.

There are many uncertainties regarding these issues at present, highlighting the
importance of further research in this area.

8.4. Opportunities from climate change

The focus of this report is principally on the (adverse) impacts of climate change and on
localities and groups exposed to those impacts. Climate change in the Western Port
region is likely to create many opportunities however, some region wide and some
specific to particular industries or groups.

A detailed analysis of opportunities has not been undertaken for this report, but drawing
on stakeholder consultation provided as part of the Western Port region climate change
scoping study (MJA, CSIRO and RDC, 2006), a preliminary list of opportunities relevant
to settlements in the Western Port is presented in Table 8.62.

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). Regardless of their nature, a proactive, co-
ordinated response from governments and agencies will improve the potential for
opportunities to be realised.

As a first step in that process, a more detailed assessment is required to ascertain the
following:

=  What are the opportunities in the Western Port region arising from climate change
and climate change responses?

= Are any barriers impeding the region’s ability to exploit the opportunities?

= How can those barriers be addressed (e.g. government policy settings)?
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Table 8.62: Potential opportunities in the Western Port region arising from climate
change and climate change response

B Opportunities

Community * Improved community understanding of sustainability through
engagement and information, education and demonstration programs.

capacity building = Strengthened local communities.

Emergency = Better training for volunteers in fields of emergency response and
management pre planning.

Housing and = More efficient, comfortable and storm resistant house design.

accommodation = No regrets water efficiency audits and implementation.
= Markets for water saving devices.

= Improve community understanding of the costs associated with

Infrastructure siting and
providing coastal infrastructure.

planning
= Redesign of coastal housing areas.

= Enhanced land use planning in coastal areas.

Potable water = |nvestment in alternative water supply options.

= Sewage into potable water.

Regional integration = Utilise existing community infrastructure, resources and networks.

and coordination = Natural and built asset registers.

= Improved local government and/or regional agency strategic
planning and risk management.

Stormwater / drainage = Reduced effluent and pollutants to bays and ocean.
= Improved stormwater design.
= Increased local/stormwater storage = mitigation of flash flooding.

= Stormwater reuse for recreational areas.

Tourism and recreation = Increased beach based tourism.

= Increased potential for outdoor activities.

8.5. Future research

The assessment of climate change impacts in the Western Port region that
is represented by this report highlights a number of avenues for future
research that are relevant not only for the Western Port region and the
local governments and enterprises therein, but also for other stakeholders
and researchers contemplating assessments in other geographic areas or
sectors.

Such research reflects key uncertainties or limitations of the current study that could be
addressed in the future with the acquisition of more robust data sets, more detailed
assessments of smaller subregions or a more constrained suite of climate changes and
hazards. Worthwhile data products or research activities include the following:

1)  Development of high-resolution integrated elevation/bathymetry data sets for use
in hydrological and coastal modelling.

2)  Modelling of the risks to coastal areas associated with concurrent storm surge
and extreme rainfall events, as the joint effects of such events are likely greater
than suggested by assessments that treat each in isolation.
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3)  Site-specific modelling of coastal erosion based upon coastal geomorphology,
sea-level rise and storm events.

4)  Site-specific hydrological/flood modelling of selected inland areas (i.e., areas
where there is limited knowledge or the perceived risk is high) using the latest
simulations of changes in extreme rainfall frequencies and durations.

5)  Spatially-explicit studies of the effects of projected climate changes on bushfire
hazard that account for fuel loads, topography, weather and management efforts.

6) Investigation of the linkages between climate change, future increases in
atmospheric CO, and changes in vegetation growth in the context of future
bushfire risk.

7)  Investigation of the local consequences of past extreme events in the region to
better understand direct and indirect costs associated with events of different
magnitudes which can be used to improve projections of damage costs from
future events.

8)  Further investigation of the direct and indirect effects of future changes in
regional climate on water supply, distribution, allocation and pricing across the
Metropolitan Melbourne network as well as the implications of different water
management strategies.

9)  Spatially-explicit risk assessment of the vulnerability of human health to climate
change that accounts for spatial variability in climate conditions at the local
scale, regional projections of future climate, the distribution of sensitive
subpopulations and housing/building stock and its thermal efficiency.

10) Development of consistent regional socio-economic scenarios that reflect
different potential futures with regard to changes in population, land use,
building stocks, economic activity and environmental management. These can
subsequently be used in future integrated assessments.

A number of these activities are already being pursued by different organisations at
different scales within the region including localised hydrological and flood mapping and
the improvement of both elevation and bathymetry data. However, generally the
aforementioned activities represent a long-term research agenda that would require
significant investments and the development of new analytical methods and tools.
Furthermore, while the aforementioned research areas highlight acquisition of scientific
and technical information, it is important to acknowledge that the adaptation process is
also a function of complex interactions and relationships among public and private
institutions and the general public. Many critical barriers to adaptation may lie within
this domain, which means improvements in technical information are an important, but
not necessarily sufficient, component of effective adaptation. As this report represents
just one of a series of outputs from the Western Port Climate Change Integrated
Assessment Project, additional conclusions and recommendations will be provided in
subsequent reports and communications.
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ABBREVIATIONS

ABARE - Australian Bureau of Agricultural and Resource Economics
ABS — Australian Bureau of Statistics

AGO - Australian Greenhouse Office

AR4 — Fourth Assessment Report (IPCC)

ARI — Annual return interval

BoM — Bureau of Meteorology

BRS - Bureau of Rural Sciences

BTRE - Bureau of Transport and Regional Economics
°C — degrees Celsius

CAD - Central activity district

CBD — Central business district

CCD - Census collection district

CFA — Country fire authority

CH,4— methane

CIV — Capital improved value

cm — centimetre

CMA - Catchment management authority

CO; — Carbon dioxide

COAG - Council of Australian Governments
CSIRO - Commonwealth Scientific and Industrial Research Organisation
DCC — Department of Climate Change

DEM - Digital Elevation Model

DEWR - Department of Environment and Water Resources
DJF — December, January, February

DSE — Department of Sustainability and Environment
ENSO - El Nifio Southern Oscillation

GCM - Global Climate Model

GIS — Geographic information system

GL - Gigalitre (1 billion litres)

GDP - Gross domestic product

GRP - Gross regional product

HMAS - Her Majesty's Australian Ship

IOCI - Indian Ocean Climate Initiative

IPCC - Intergovernmental Panel on Climate Change
IPO - Interdecadal Pacific Oscillation

ISO - International Organisation for Standardization
JJA — June, July, August

km — kilometres

kL — kilolitres (1 thousand litres)

kv — kilovolt

LGA — Local government area

LSIO — Land subject to inundation

m - metre

MAM - March, April, May

MJA — Marsden Jacob Associates

ML — Megalitre (1 million litres)

mm — Millimetres

MPS — Mornington Peninsula Shire
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N,O — nitrous oxide

NHT - National Heritage Trust

NatHERS — Nationwide House Energy Rating Scheme
NLWRA — National Land and Water Resource Australia
NSW — New South Wales

NWI — National Water Initiative

OzClim — Australian Climate Scenario Generator

SD — statistical division

SES — State emergency services

SIV — Site improved value

SoE — State of the Environment

SON - September, October, November

SRTM - Shuttle radar tomography mission

SWMA - Surface water management area

TAR — Third Assessment Report

WPGA — Western Port Greenhouse Alliance

WSAA — Water Services Association of Australia
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APPENDICES: OVERVIEW OF CLIMATE CHANGE IMPACTS
IN THE WESTERN PORT REGION BY LOCAL GOVERNMENT

AREA
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Bass Coast Shire

Climate variable*

Indicative change**

*kk

Exposed people

Exposed property and

Most sensitive locations

Economic

Vulnerable sectors

Vulnerable groups

infrastructure™** and social impacts
Temperature 2030 2070 . . increased mortality and morbidity in
inland areas (particularly vulnerable groups = transport
= most roads b . inf . . tructi elderly (6,000)
Average annual temperature T 0.5-1.3°C T 1-3.5°C = entire population «  most railways lines urban) o |qcrea§ed infrastructure maintenance costs construction infants (1.300)
; ’ TR q areas with high disruptions to transport networks = |ocal government : 5 .
R especially 6,000 = some building materials concentrations of elderl ) d risk of food and water born di services such as child residents in low quality
Days per yr > 30 °C (16 current) 11-5 14-16 elderly = buildings or services that e e y cl)nu?g:zis risk of food and water born disease services such as ch holsingl(e:gurental)ior
require cooling Wonthaaai. | .I h X h I’h low income households
Days per yr > 40 °C (0 current) T 1 T 2 onthaggi, Inverloch) !ncreaseg surr;mer petak demand ealt
increased cooling costs
Average rainfall 2030 2070 = municipal parks and areas not connected to ::g;z:z:g \rlc\fllitaer:cr:engﬁsnon eaiae] s * nurseries, garden
gardens mains supply - services, etc
Average annual 1 0-8% 1 0-23% = playing fields high water requirement sourcest ter f tiviti = local government Qoorhjr?s:tzlgstonr(ﬁains
= entire population = water & wastewater sites ac cbelsts ofwa erfor tsongje ac ';' Ietsb : services such as suppl
Catchment stream flows 1 25% 1 >50 % infrastructure wetlands, heritage Viablilty of some water dependent businesses parks, recreation PRl
: and activities ] low income households
= other infrastructure on gardens and other . d maint t = water suppliers and (possibly)
Droughts 1 frequency & severity clay soils reserves ilrr:fi ;G)s?fuectuTealn SREIE G SR retailers P y
Extreme rainfall 2030 2070
2 hour 122 % 159 %
12 hour T 17 % T 41 % - 55.’ regdences, increased flood damage to public Iow'lncome LS
o ° principally rural . : . businesses and
. infrastructure, especially roads and bridges ; -
= 11 commercial and other . . : properties without
24 hour 14 % 39 % : increased flood damage costs to residential = |ocal government .
ou T o T o properties . o .. adequate insurance
= 150 people 16 k . . : ! and commercial buildings (minimal) = transport . PRI
o o = m of roads including Bass River flood plain disruption to transport « rural residences with limited
72 hour 12% 139 % Bass Highway and . , freeboard above 1:100
. increased emergency services demand and
. . Korumburra-Wonthaggi year flood (e.g. <300
Maximum flood heights 0 0 Rd, 9 bridges costs mm clearance)
, | flash | flash
Flood return intervals (ARI)
<> riverine | | riverine
Sea level rise / storm surge 2030 2070
Sea level rise 10.17 m 1049 m 261 residences partial or (in worst case) complete loss of
Storm tide — max. height, 1:100 1 SEUEEIRe D EEEER, S Cel e Irir;?o\rlaalumeesnli?ye?ii)catig aarsesaosciated with
’ 2.29m 2.74 m = possibly additional and other properties Cowes, Rhyll, Cape
year ARI (current 2.10m, Cowes) cople and «  most beaches and Woolamai damage to beaches and foreshore reserves
pro perties in the foreshore reserves Bass River IPEES @ BUSIIESEES QEPEMe 1S e e D s low income households
Storm surge — change to 1:100 lto lto \F/)icigit of including at Cowes and Grantville, Coronet Ba R O, GEPEEElY [l EEmel amel | 0 DR EIk) Loz elderly households
ear ARI B0 _q- 90 _1- y 9 oo y Inverloch = |ocal government y
Y 1:50-1:20 | 1:20- 1:4 Inverloch Inverloch Possibly in vicinity of . .
« most boating facilities Inverloch increased insurance costs or lack of access
Inundation area Phillip Island . ; : to insurance
(1:100 year storm surge) ez Ll 248 €1 L égz;n}_%zLovig; including costs associated with beach and foreshore
maintenance (e.g. beach renourishment)
Inundation area mainland™****
(1:100 year storm surge) 22 89 [T ) 5 [
Fire weather 2030 2050 «  1.280 residences N o
; = 50 commercial and PP T EI el increased damage costs to residential people “V.'ng [0 O]
No. of very high and extreme ; . Cowes and Rhyll . I housing (in exposed
. y . 9 p
forest fire risk days (~ 9 days 11-2 12-5 VDD eIt IelfEtit] a large area in the north properties ESRETE] areas)
y y people, mostly = 240 public use and " health impacts including loss of life and air = emergency services .
current) . e . of the shire to the east . properties that have
adjacent to unspecified including d th of Grantvil quality = |ocal government th d tel
; bushland schools, medical facilities and south of rantviie increased emergency service costs = transport not been adequately
No. of very high and extreme d nun north and south of t il disruoti prepared
grass fire risk days (~ 95 days 17-15 19-30 . agr; k%u?ﬁroo:;sresewes Wonthaggi SHess, soclal dISTpton low income households
current)

* Note, information on windiness and storms is the same for all LGA. It is summarised in Table A, Executive summary.
** Key to climate changes: 1 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. **** Does not include area around Inverloch, where further analysis is required.
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Cardinia Shire

Climate variable

Indicative change*

Exposed land and

Exposed property and

Most sensitive

Economic

Vulnerable sectors

Vulnerable groups

people** infrastructure™* locations and social impacts
Temperature 2030 2070 increased mortality and morbidity in
= inland areas vulnerable groups = transport elderly (5,600)
Average annual temperature 10.5-1.3°C | 1 1-3.5°C = most roads (particularly urban increased infrastructure maintenance R infantz (4’300)
= entire population, = most railways lines e.g. Pakenham) costs 5 el sEverTTE low incon;e sl
Days per yr > 30 °C (30 current) 1 3-6 1 6-25 especially 5,600 = some building materials = areas with high disruptions to transport networks servic%s such as and / or residents in low
elderly = buildings or services that require concentrations of increased risk of food and water born child care uality housing (e
1 15 cooling elderly and infants disease outbreaks environméntal health ?entalg gteg.
Days per yr > 40 °C (1 current) (e.g. Pakenham) increased summer peak demand
increased cooling costs
Average rainfall 2030 2070 IETEESED WEIET [PEES ” .
= areas not connected increased reliance on non-traditional = nurseries, garden
- to mains supply supply sources services, etc
-89 230 .
Average annual 1 0-8 % 1 0-23% : ggci'%p;;ﬁgks and gardens = high water access to water for some activities * |ocal government Qc?rllj:::tzlgstonr?:ains
o o = entire population . ! requirement sites (possibly) services such as
Catchment stream flows 1 25% 1 >50 % . water & wastewater infrastructure = wellandshhertags T el e CEaTEE S, e supply

other infrastructure on clay soils

gardens and other

businesses and activities

= water suppliers and

low income households
(possibly)

Droughts 1 frequency & severity reserves increased maintenance costs, some retailers
infrastructure
Extreme rainfall 2030 2070 ) ) .
= 3,100 residential properties (~1,400
2 hour 116 % 135 % dwel!lngs) . .
= 650 industrial and commercial . . .
roperties increased flood damage to public low income households
12 hour T 8% 125 % . gut?lic infrastructure including infrastructure, especially roads SR e businesses and
24 hour T 1% 1 25 % = up to 8,800 people schools, health care facilities, halls . |ncreas§d ea] damage.costs. o = transport propertles.wnhout
® © = up to 480 km? of «  numerous reserves and parks = all of southern section residential and commercial buildings «  agriculture adequate insurance
P P of Shire / Koo Wee disruption to transport g ! residences with limited
72 hour | 6% 128 % land = atleast 270 rural properties RUD S 3 d q = residential freeboard ab 1:100
= up to 942 km of roads including up swamp (Ianfeane edmergency services = utilities (drainage) ree c;lar da ove<éoo
Maximum flood heights 0 0 Princes and South Gippsland emand an el . Jear s e
g Highways lost agricultural production mm clearance)
| flash | flash = extensive drainage infrastructure —
Flood return intervals (ARI) o o channels, pipes and pits
<> riverine | riverine
Sea level rise / storm surge 2030 2070
: = 24 rural and semi rural properties
Sea levelrise fo-17m 1049 m VD EBIES OF CUIET PUISE UED artial or (in worst case) complete
Storm tide — max. height, 1:100 BIRECILES IF<))ss of land values in affectedpareas
217 m 261m = up to 70 people = most foreshore reserves and L . . .
year ARI (current 1.98m) . amenity impacts associated with = recreation and .
coastal wetlands = no major settlements damage to foreshore reserves boatin low income households
. = most boating facilities ; ge fo 9
Storm surge — change to 1:100 l to l to = 17km of roads including possibly increased insurance costs or lack of = |ocal government
year ARI 1:50 - 1:20 1:20 - 1:3 South Gippsland Highway access to insurance
. . drai infrastruct
Inundation area (1:100 year storm SOMS Cranage Iirastrciure
2.4 sq km 3.4 sq km
surge — current 2.1 sq. km)
Fire weather 2030 2050 U 5,500 residential and semi-rural
properties
No. of very high and extreme = 1,900 rural properties o
forest firer}r/iskgdays (~ 12 days 11-2 15-7 « b to 22.300 people. | " 150 commercial and industrial = bushland settlements increased damage costs to residential t?c?ﬁsr,)ilr? hzli':ge)'(ngslgﬁr
t mF:)stI a‘d'acepnt tg ’ properties in urban rural fringe properties = residential areas)g P
current) bushlgndj = 110 public use facilities including including Emerald, health impacts including loss of life = emergency services roperties that have
D to 445 km?2 of schools, medical facilities Cockatoo, Gembrook, and air quality = local government r?ot Ft))een adequatel
No. of very high and extreme Ia%d = 220 reserves and parks Upper Pakenham, increased emergency service costs = transport prepared q y
grass fire risk days (~ 95 days 1 7-15 19-30 : 2;4k'lfnm0?:ar?l)ads Upper Beaconsfield stress, social disruption low income households
current) = electricity transmission lines
= Cardinia Reservoir
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* Key to climate changes: 1 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.

City of Casey

Climate variable

Indicative change*

Exposed land and

Exposed property and

Most sensitive

Economic

Vulnerable sectors

Vulnerable groups

people** infrastructure™ locations and social impacts
Temperature 2030 2070 inland areas LZ?;%?:S%E%"L?EV and morbidity in
-1 3° -3 5° = most roads (BERISUE Urcel) increased infrastructure maintenance . transport. glderly (17,000)
Average annual temperature 10.5-1.3°C | 1 1-3.5°C - entire population, | = most railways lines e.g. Narre Warren) coste = construction infants (17,000)
> 30° _ - especially 17,000 | = some building materials areas Wlth.hlgh disruptions to transport networks . Ioca! RIS oty |ncome.house.ho|ds
Days per yr > 30°C (30 current) [ [ elderl = buildings or services that require oA incregsed risk of fogd and water born services such as e el b
11 15 y coolingg q elderly and infants disease outbreaks chilc_i care, low quality housing
Days per yr > 40 °C (1 current) ﬁé?r'ec\;\?:rtr’gz)me’ increased summer peak demand environmental health (e.g. rental)
increased cooling costs
Average rainfall 2030 2070 IR UL [PEES ” :
increased reliance on non-traditional = nurseries, garden
L high water supply sources services, etc .
-89 -23 9 .
Average annual 1 0-8 % 10-23% - g::;ilr?:gpgtleﬁiasrks and gardens requirement sites access to water for some activities = |ocal government (lg\gsgg?yr;]e BRI
Catchment stream flows (worst 25 % >50 % " entire population | water & wastewater infrastructure RIS, (e (posrs_lbly) Services SUCh.aS new urban
case) l (3 l (! «  other infrastructure on clay soils gardens and other V|at_>|I|ty of some wa.tgr. dependent parks, recregtlon developments
reserves businesses and activities = water suppliers and (possibly)

increased maintenance costs, some

retailers

Droughts 1 frequency & severity infrastructure
Extreme rainfall 2030 2070 = 3,800 residential properties (~1,700
dwellings)
2 hour 115 % 120 % = 210 industrial and commercial
properties - . .
e . . . much of eastern increased flood damage to public low income households
12 hour 1 3% 117 % = 950 unspecified but including public : - .
o infrastructure - schools. health care and southern infrastructure, especially roads = local government businesses and
24 hour 1 2% 116 % = upto 11,000 tacilities, halls sgcﬂ_o_ns of City |ncrease_d flood damage.costs. to_ « residential propertleslwnhout
people ) «  numerous reserves and parks significant pockets rg3|deqt|al and commercial buildings « transport adeguate insurance
72 hour 1 8% 119 % = upto 100 km* of = 260 rural properties around Hallam, Q|sruptlon to transport ' - agriculture residences with Ilmlted
o o land . . Narre Warren, increased emergency services demand -~ . freeboard above 1:100
= up to 310 km of roads including Berwick d = utilities (drainage) flood <300
Maximum flood heights T T Princes and South Gippsland Helrlwlc I\Sle"g.d in) ?n t cos.ts itural oroducti year | 00 (e'%'
. allam Main drain ost agricultural production mm clearance
| fiash | flash . t'z;ﬁ:v\;vsslliies and Cranbourne
as as
Flood return intervals (ARI) - o = extensive drainage infrastructure —
<> riverine l riverine channels, pipes and pits
Sea level rise / storm surge 2030 2070
= 110 residential properties
Sea level rise 1017 m 10.49m = 31 unspecified including reserves
; ) and other public use partial or (in worst case) complete loss
Storm tide — max. height, 1:100 year 217 m 261m * upto240 people | = most foreshore reserves and of land values in affected areas
ARI (current 1.98 m, Tooradin) ’ ’ directly exposed coastal wetlands W (T di amenity impacts associated with = recreation and low i h hold
= most boating facilities arneet, Tooradin damage to foreshore reserves boating ow income housenolds
Storm surge — change to 1:100 year | | to | to = 10km of roads including possibly increased insurance costs or lack of = local government
ARI 1:50 - 1:20 1:20-1:3 South Gippsland Highway east of access to insurance
’ ' ' ’ Tooradin
i : = some drainage infrastructure
Inundation area (1:100 year storm 2.9 sq km 3.7 sq km g
surge — current 2.7 sq. km)
Fire weather 2020 2050 = 240 regldentlal and semi-rural Ilrpltgd areas, increased damage costs to residential peop_le Il\{lng in older
= up to 520 people, properties principally bushland properties « residential housing (in exposed
No. Qf very high and extreme forest 11-2 15-7 mostly adjacent = 23 rural properties. . settlements in health impacts including loss of life and | = emergency services areas) .
fire risk days (~ 12 days current) to bushland2 = 8 commercial and industrial urban rural fringe s el - Dol e properties that have
. = up to 23 km* of properties o . around Narre increased emergency service costs = transport not been adequately
No. of very high and extreme grass land = 71 unspecified including reserves Warren North & o : prepared
1715 19-30 stress, social disruption .
. East low income households

fire risk days (~ 95 days current)

up to 47 km of roads

* Key to climate changes: 1 increase; | decrease; < no significant change.

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

Absence of number next to arrow indicates magnitude of change has not been quantified.
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Frankston City

Climate variable

Indicative change*

Exposed people**

Exposed property and

Most sensitive

Economic

Vulnerable sectors

Vulnerable groups

infrastructure™* locations and social impacts
Temperature 2030 2070 increased mortality and morbidity in
inland areas vulnerable groups = transport
Average annual temperature 1 0.5-1.3°C T 1-3.5°C = most roads (particularly urban) increased infrastructure maintenance | _ construction elderly (15,000)
entire population, = most railways lines areas with high costs = local government Infants (7,000)
Days per yr > 30 °C (20 current) T 3-6 T 6-25 especially 15,000 = some building materials concentrations of disruptions to transport networks services such as child residents in low quality
elderly = buildings or services that require elderly and infants increased risk of food and water born care. environmental housing (e.g. rental) or
11-2 12-5 cooling (esp. NW and SW disease outbreaks healt’h low income households
Days per yr > 40 °C (0 current) corners) increased summer peak demand
increased cooling costs
Average rainfall 2030 2070 greenfield Lite roztet Talloy [ e = = nurseries, garden
development sites increased reliance on non-traditional services, etc
Average annual 1 0-8% 1 0-23% = municipal parks and gardens (possibly) BTl SOUTEES o = local government householders in new
. . = laying fields high water access to water for some activities services such as parks, developments
entire population P . 8 8 (possibly) ; ;
Catchment stream flows l 25 % l >50 % = water & wastewater infrastructure requirement sites e recreation (possibly)
. viability of some water dependent

Droughts

1 frequency & severity

other infrastructure on clay soils

wetlands, heritage
gardens and other
reserves

businesses and activities
increased maintenance costs, some
infrastructure

water suppliers and
retailers

low income households
(possibly)

Extreme rainfall
2 hour

12 hour

24 hour

72 hour

Maximum flood heights

Flood return intervals (ARI)

up to 19,000 people

5,700 residential properties
1,150 commercial properties

130 public properties - schools,
emergency services, reserves
water and drainage infrastructure
16 km of roads including Nepean
Highway, 9 bridges

most of central and
northern coastal
hinterland
Frankston CAD
Seaford wetlands
and surrounds

increased flood damage costs to
residential and commercial buildings
increased flood damage to public
infrastructure, especially roads and
bridges

health impacts related to disruption to
water and sewerage services
stress, social disruption

disruption to transport

increased emergency services
demand and costs

residential

commercial (Frankston
CAD)

water and wastewater
local government
emergency services

low income households
businesses and
properties without
adequate insurance
properties not
adequately prepared or
maintained

Sea level rise / storm surge
Sea level rise

Storm tide — max. height, 1:100
year ARI (current 1.16m)

Storm surge — change to 1:100
year ARI

Inundation area (1:100 year storm
surge)

minimal number
based on current
modelling, however
data may be too
coarse to adequately
capture Kananook
Creek mouth
historical evidence
suggests potentially
a significant number
of people

most beaches and foreshore
reserves including Frankston and
Seaford

most boating facilities

historical evidence suggests
potentially many residences and
commercial properties, as well as
the Nepean Highway

most of central and
northern coastline
Kananook Creek
and surrounds,
including potentially
Frankston CAD and
Seaford wetlands
and surrounds
Oliver’s Hill (erosion,
possibly)

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

no specific groups
identified

Fire weather

No. of very high and extreme
forest fire risk days (~ 12 days
current)

No. of very high and extreme
grass fire risk days (~ 95 days
current)

2030 2070
115 % 137 %
14 % 126 %
12% 124 %
116 % 120 %

T T
| flash | flash
<> riverine | | riverine

2030 2070
1017 m 1049 m
1.37m 1.80 m
| to | to
1:40-1:6 1:20-1:1
under under
review review

2030 2050
11-2 15-7
17-15 19-30

up to 14,000 people

6,000 residential properties

66 businesses

160 public use areas including
schools, medical facilities and
numerous reserves

245 km of roads and 7 kms of rail

central areas around
Langwarrin

southern boundary
around Frankston
South, Langwarrin
South

increased damage costs to
residential properties

health impacts including loss of life
and air quality

increased emergency services
demand and 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

* Key to climate changes: 1 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.
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Impacts of Climate Change in the Western Port Region

Mornington Peninsula Shire

. . L Exposed Exposed property and Most sensitive Economic Vulnerable sectors Vulnerable groups
*
Climate variable Indicative change people™ e T locations AesaA s
Temperature 2030 2070 . (Igfr?iij;?sls . g:g;e;ssed mortality and morbidity in vulnerable = transport ( |
. = most roads : . . = construction elderly (27,000
Average annual temperature 1 0.5-1.3°C | 1 1-3.5°C egtlﬁation = most railways lines . l;rrzzrs])with hiah . g}g:ﬁaied |r1frat1$tructu:te m?mteknance ok = local government infants (8,000)
o gspeciall ’ = some building materials ncentrati ng f . incr P |o(rjlsr_ ok r?r;spg ng wotr Sb di services such as residents in low quality
Days per yr > 30 °C (16 current) 11-5 14-16 27p000 eI{ierI = buildings or services that gﬁjeci‘le ar?dlc?nfsazts (') (;berZZi ISk offood and water born disease child care, housing (e.g. rental) or
’ y require cooling y ou S environmental low income households
° (eg. West = increased summer peak demand
DERS per i = 4l e (0 eument) T ! T 2 Rosebud) = increased cooling costs health
Average rainfall 2030 2070 = areas not * nurseries, garden
= municipal parks and gardens connected to = increased water prices services ;atc
Average annual | 0-8 % 1 0-23 % » playing fields mains supply = increased reliance on non-traditional supply sources | _ local 0\’/ernment households not
entire = water & wastewater = high water = access to water for some activities (possibly '9 connected to mains
services such as
Catchment stream flows (worst population infrastructure requirement sites = viability of some water dependent businesses and . supply
0 0,
case) l 25 % l >50 % = other infrastructure on clay = wetlands, heritage activities . F\:far,fr’ gﬁcre”e:etrlgn low income households
soils gardens and other | = increased maintenance costs, some infrastructure PP (possibly)
Droughts 1 frequency & severity reserves Rl
Extreme rainfall 2030 2070
2 hour 725 % 170 % up to 530 " 204 residential properties (~ | \voctort bort Bay
100 dwellings) . X . low income households
12 hour T 22 % T 61 % gggglﬁot = 50 commercial and industrial S;ftiﬁoic,nt' = increased flood damage to public infrastructure, businesses and
24 h o 0 include most properties Shorer?ar’n and especially roads and bridges = local government properties without
our 117 % 1750 % areas on Port = public infrastructure including Stonv Point = increased flood damage costs to residential and «  transport adequate insurance
o o Phillio Bav side schools,, halls y commercial buildings . residgntial residences with limited
72 hour 12% 148 % due tF:) ays i | = reservesand parks Port Phillio Ba = disruption to transport freeboard above 1:100
. . flood hgzgrd = 128 km of roads, 8 bridges «  data in(‘:)om )I/ete = increased emergency services demand and costs year flood (e.g. <300
Maximum flood heights 7 7 maopin = water and drainage P mm clearance)
| flash | flash pping infrastructure
as as
Flood return intervals (ARI)
<> riverine | | riverine
Sea level rise / storm surge 2030 2070
Sea level rise 10.17 m 10.49m
: : ALY BEoE Western Port Bay
Storm tide — max. height, 1:100 due to coarse . . . ; = partial or (in worst case) complete loss of land
ear ARI (current 1.14m, Rosebud) 1.35m 1.78 m resolution of - lcsicenlainieEoiics S [RESIES, S values in affected areas
y : / = approx. 30 commercial and Point, Crib Point ; o . .
) ) models, people other properties «  Shoreham = major amenity impacts associated with damage to
Storm tide — max. height, 1:100 228 m 274 m and properties . most EeaF::hes and foreshore Balnarring. or loss of beaches and foreshore reserves = tourism
year ARI (current 2.09m, Somers) ' ' exposed to reserves including Mt Eliza 9 = impacts on businesses dependent on beach related | = recreation and low income households
; : inundation may Rosebud, Rye ngers ’ Port Phillip Bay tourism boating elderly households
— - (0] (0] ', P U i [}
i;(glrm surge — change to 1:100 year | | ! bgr;,:gsl(;r:tact)id, = most boating facilities D el © aalk il:;:lz?aaﬁgg insurance costs or lack of access to local government
1:40-1:10 | 1:20-1:2 P ary = 45km of roads including Dromana Bay, . )
Port Phillip Bay . . = costs associated with beach and foreshore
Inundation area Port Phillip*** sections of Nepean Highway SEIRIIEEEE, maintenance (e.g. beach renourishment)
(1:100 year storm surge) ° 0.8 sq km 1:5sq km o Roneet -
: West Rosebud
Inundation area Western Port
(1:100 year storm surge) 25 &g [ 85 b
; * 13,500 residences = urban fringe, L
A LIS A0 2080 up to 34,000 = 185 commercial and semi-rural and = residential Eggsilr? I'E'i'r?g)'(ngslgzr
No. of very high and extreme forest people, mc_)stly industrial properties rural areas = increaged damgge cqsts to resid_ential prc')pertie's = emergency areas)g P
fire risk days (~ 9 days current) 11-2 15-7 in urban fringe, | = 4,500 public use and scattered = health impacts including loss of life and air quality services roperties that have
semi-rural unspecified including schools, throughout Shire, = increased emergency service costs = local government r?ot ‘E)een adequately
No. of very high and extreme grass £ 7-15 19-30 fgiissﬁgjﬁge”t nmuergg:foluf:?!;g:fv 2Qd gzzﬁgigyan g D SlliEs, SRl ClE = transport prepared
low income households

fire risk days (~ 95 days current)

568 km of roads

adjacent areas

* Key to climate changes: 1 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 uncertainty.
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