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EXECUTIVE SUMMARY

By anticipating potential climate issues
and adapting accordingly, Port Phillip
City Council is actively reducing its
vulnerability to climate change.

The climate is changing, and as a
result, it is likely that the City of Port
Phillip will experience hotter and

drier summers; milder winters; more
intense rainfall events associated with
an increased risk of flooding; more
extreme weather events (i.e. strong
winds, lightning, hail storms, heat
waves, etc.); sea-level rise; coastal
inundation; and beach erosion.

NATCLIM has conducted a detailed
climate change risk assessment of
part of St. Kilda, which is applied in
this study to assist with future planning
for climate change in the City of Port
Phillip. The report also provides
detailed mapping of ‘at risk’ areas and
lists prioritized recommendations for
the necessary next steps.

RECENT CLIMATE TRENDS

Despite significant regional variation,
observed trends provide strong
evidence of a changing global climate
(Steffen, 2006). These climate trends
include:

» 0.7°C increase in global average
surface temperatures since 1861
(Jones and Moberg, 2003).

» 2% increase in global average
precipitation over land since the
beginning of the 20th century
(IPCC, 2001).

» 0.1 unit decrease in ocean pH
(from a pH of 8.3 to a pH of 8.2)
(Jones and Moberg, 2003).

» 1.7 mm per year global average
sea level rise since 1900 (Church
and White, 2006).

Recent climate change in Australia
has, for the most part, been consistent
with these global trends.

POTENTIAL IMPACTS OF CLIMATE
CHANGE IN AUSTRALIA

Studies indicate that Australia could
be particularly vulnerable to climate
change. The potential impacts of

climate change in Australia include:

» Decrease in the quality and
quantity of water resources;

» Damage to coastal settlements and
infrastructure;

» Increase in peak energy demand
during the summer months;

» Loss of sensitive ecosystems, such
as alpine ecosystems, estuaries
and coastal wetlands and reef
systems;

» Enhanced spread of vector-borne
diseases; and

» Decrease in food security due to
impacts to the agricultural industry.

THE ROLE OF PORT PHILLIP COUNCIL

The role of Port Phillip Council in
planning for climate change is to
use planning policy, available policy
instruments and its operational
responsibilities to effectively reduce
the vulnerability of the City of Port
Phillip. The Council has a role in
building capacity and awareness

of climate change and its potential
impacts within council and the
community.

Climate risks can be managed through
existing council functions and services
through good sustainable planning.
Port Phillip Council’s existing, ‘Toward
Zero: Sustainability Strategy’ provides
an excellent framework to initiate
incorporation of climate risks into
council planning.

Action on climate change can be
separated into two categories:
abatement and adaptation.
Abatement refers to activities that
seek to reduce climate change or

the rate of change, and adaptation
refers to activities that seek to reduce
the potential negative impacts of
climate change, and possibly to
capitalize on any new opportunities.

It is important to note that while
abatement measures are important,
at this stage, they are unlikely to have
any significant impact on short-term
climate change, as it is generally
agreed that some degree of change
will occur due to the amount of carbon
dioxide and other greenhouse gases
already in the atmosphere.

DEALING WITH UNCERTAINTY

In the past, uncertainties regarding
the magnitude and impacts of

future climate change have largely
prevented action from being taken.
Although, uncertainties still exist,
there is now sufficient information to
enable local government authorities to
factor climate risks into the planning
decision-making process.

Risk assessment provides a
framework for systematically
identifying and evaluating the potential
impacts of uncertain events. The
method of assessment that was

used in this study is consistent

with Australian Standard, AS/NZS
4360:1999 and with the methodology
outlined in “Climate Change Impacts
and Risk Management: a Guide for
Business and Government” (AGO,
20086).

ST. KILDA CASE STUDY

The manifestations of climate change
that are most likely to affect the City
of Port Phillip (in order of significance)
are: sea level rise; intense rainfall and
other extreme storm events; extreme
high temperatures and heat waves;
decreased average precipitation; and
fire risk. The impacts of each of these
on the study area are discussed in the
sections below.

SEA LEVEL RISE

Globally, sea levels have risen by
approximately 3 mm per year since
1992 (IPCC 2001), and studies
indicate that the rise in Port Phillip Bay
has been largely consistent with this
global trend (National Tidal Centre,
2006). Linear extrapolation of this
observed sea level rise provides the
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following sea level rise predictions for
Port Phillip Bay:

» 4.5 cm by 2020;
» 13.5 cm by 2050; and
» 28.5cm by 2100.

The primary impacts of sea level rise
do not result from this gradual rise, but
rather from the associated erosion and
exacerbated storm surge and storm
tides.

The rate of lateral erosion (i.e. erosion
inland) can be 2 orders of magnitude
greater than the increase in sea

level rise (Walsh et al. 2004). Storm
surges are potentially hazardous

and destructive to coastal regions,
and mean sea level rise is likely

to exacerbate the intensity and
magnitude of storm surge events. The
major risks associated with beach
erosion and storm surge in Port Phillip
include infrastructure instability, loss
of beaches, impacts on planning zone
designations and flooding of coastal
properties.

MOCERATE

7

Risk of coastal erosion under future
climate change scenarios.

WODERATE

Storm surge / storm tide risk rating
under future climate scenarios.

INTENSE RAINFALL

Climate change is likely to affect all
aspects of the magnitude of intense
rainfall events — duration, intensity
and frequency — and this is often
discussed in terms of changes to
the frequency of events (i.e. ‘annual
recurrence intervals’ — ARIs).

\A

The most recent projections provide
an increase of between 5% and 70%
in intensity of a 20-year event by
2050 (AGO and CSIRO, 2006). For
this study, the following predictions of
storm intensity were considered likely
for the Port Phillip area:

» 5% increase in intensity of 20-year
event by 2020.

» 35% increase in intensity of 20-
year event by 2050.

» 70% increase in intensity of 20-
year event by 2100.

The impacts of intense rainfall are
primarily related to stormwater

runoff and flooding. Five major

risks associated with intense rainfall
were identified during the risk
assessment, these included: pressure
on stormwater infrastructure and
increased requirement for stormwater
management; beach pollution; and
flooding of buildings and roads.

WoDERATE
Risk associated with stormwater runoff
under future climate scenarios.

. A/a

Stormwater flooding risk rating under
future climate change scenarios.

OTHER STORM EVENTS

In addition to intense rainfall, it is
likely that there will be an increase
in the frequency and magnitude of
other extreme weather events, such
as strong winds, hail storms and
lightning.

Climate scenarios indicate that winds
are likely to intensify in coastal regions
of Victoria, particularly in winter, as a
result of more intense low pressure

systems, and that low pressure
systems off the east coast of Australia
may become more frequent (DSE,
2004).

It has yet to be conclusively
determined how climate change will
affect lightning and hail storm events
(IPCC 2001). Though future climate
conditions (changes in humidity,
strong updrafts, etc.) could increase
the frequency and magnitude of these
storm events, studies indicate, that
these changes will be negligible in the
City of Port Phillip.

The primary impact associated with
these storm events is infrastructure
damage, which can result from all
three events — strong winds, lightning
strikes and hail stones.

TEMPERATURE CHANGE

Climate change is likely to result in
higher annual mean temperatures.
Higher mean temperatures can
exacerbate the frequency and
magnitude of extreme heat events,
such as extreme daily maximum
temperatures and heat waves. ltis
also possible that climate change will
result in sudden cold snaps where
the temperature can plunge several
degrees in a short-period of time.

The best available predictions for Port
Phillip indicate that increase in mean
temperature could be:

» 0.5°C by 2020;
» 1.5°C by 2050; and
» 2.5°C by 2100 (Howe et al. 2005).

It is further predicted that the number
of days over 35°C will increase from 9
days to 11 days per year in the short
term, to 16 days in the medium term
and possibly as high as 40 days in the
longer term (DSE, 2006).

The risk assessment identified

one major risk associated with
temperature change — the risk

of heat-related illnesses among
vulnerable populations. It is also

likely that Port Phillip will experience
potential benefit from an increase in
mean temperatures, particularly from
increases in tourist activity and tourism
generated revenue.



Increased mean temperature risk rating
under future climate scenarios.

RAINFALL AND EVAPORATION

Regional predictions for Victoria
indicate a decrease in precipitation
per degree of climate warming.
Predictions of future average rainfall
across the City of Port Phillip include:

» 2% decrease by 2020;
» 4% decrease by 2050; and

» 15% decrease by 2100 (Howe et
al. 2005).

It is also likely that mean potential
evaporation rates will increase. Itis
predicted that a 3% increase in mean
evaporation in Melbourne is likely

by 2020 (Howe et al. 2005). Longer
term evaporation predictions include
increases between 5% to as much as
7% (AGO and CSIRO, 2006).

The major risks resulting from a
decrease in mean precipitation and
an increase in evaporation include
impacts on vegetation and water
quality and quantity concerns.

—l o
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KEY FINDINGS AND RECOMMENDATIONS

As a priority, it is recommended that
actions be implemented to manage,
mitigate and minimise the significant
short-term risks. Significant risks
and key recommendations are
summarized in this section.

SIGNIFICANT RISKS

The tables below list the most
significant risks identified during the
risk assessment for 2020, 2050 and
2100, and include those that were
assessed as having:

» An extreme consequence and an
expected likelihood;

» An extreme consequence and a
high likelihood; and,

» Ahigh consequence and an
expected likelihood.

The tables also provide the mode of
impact (i.e. climate variables) and
specific impact for each identified risk.

The tables above and the climate ‘risk
meters’ (displayed in the Executive
Summary) illustrate the increase in
risk over time — primarily linked to
increasing likelihood, but in some
cases also related to an increased
magnitude of consequence. Adaptive
capacity over time and implementation
of management and mitigation
measures are not considered in this
study — risk was assessed over the
three time horizons based on existing
conditions.

RECOMMENDATIONS

The purpose of climate risk
management and mitigation measures
is to minimise identified risks by
decreasing their overall risk scores.
Therefore, measures are designed to

2020 Risk Assessment Matrix - Climate Variables and Impacts

2020 Extreme Consequence and Expected Likelihood

decrease the likelihood of a potential
risk occurring and / or decrease the
magnitude of the consequence should
a risk occur. The key climate change
risk management measures that were
identified during the risk assessment
are summarized in the sections below.

CREATE A RISK ASSESSMENT TOOL
Recommendation 1

Using the NATCLIM risk assessment
framework, develop a dynamic risk
assessment tool that can be regularly
reviewed and updated to respond to
changing conditions and to gauge
the effectiveness of management
activities.

Recommendation 2

Regularly review the future climate
scenarios presented in this study,
particularly after the release of the
Intergovernmental Panel on Climate
Change’s (IPCC) Fourth Assessment

Climate variable Impact
Increased flooding of buildings and homes.
Increased flooding of roads

Intense rainfall .
Increased pressure on stormwater infrastructure

Increased requirements for stormwater management

) Decreased availability of water resources
Decreased annual rainfall
Decreased stream flow

2020 Extreme Consequence and High Likelihood
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Higher maximum temperatures

Heatwaves

Intense rainfall Beach pollution
) . Energy infrastructure damage
Wind gusts / wind speed .

General infrastructure damage

Storm surge Beach erosion

Decreased annual rainfall Increased water demand

Sea level rise Impacts on planning zones

2020 High Consequence and Expected Likelihood

Increased road accidents

Intense rainfall

. Coastal erosion and infrastructure instability
Sea level rise -
Beach erosion

Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)

Increased iliness in vulnerable populations (i.e. elderly, children, homeless people, etc.)

>
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2050 Risk Assessment Matrix - Climate Variables and Impacts

2050 Extreme Consequence and Expected Likelihood

Climate variable
Higher maximum temperatures

Heatwaves

Intense rainfall

Storm surge

Decreased annual rainfall

Sea level rise

Impact

Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)
Increased iliness in vulnerable populations (i.e. elderly, children, homeless people, etc.)
Increased flooding of buildings and homes

Increased flooding of roads

Increased pressure on stormwater infrastructure

Beach pollution

Increased requirements for stormwater management

Beach erosion

Increased water demand

Decreased availability of water resources

Decreased stream flow

Coastal erosion and infrastructure instability
Beach erosion

2050 Extreme Consequence and High Likelihood

Intense rainfall

Wind gusts / wind speed
Storm surge

Sea level rise

Increased erosion leading to road and bridge instability
Increased pressure on emergency services

Energy infrastructure damage

General infrastructure damage

Coastal erosion and infrastructure instability

Flooding of coastal properties

Impacts on planning zones

2050 High Consequence and Expected Likelihood

Higher maximum temperatures

Heatwaves

Intense rainfall

Storm surge

Increased heat-related illness

Increased heat related ilinesses

Increased road accidents

Increased pollution (i.e. sewage; litter; sediment) in Port Phillip Bay
Increased road maintenance and general clean-up requirements.
Increased soil erosion

Flooding of coastal properties

Deposition of debris on beaches



2100 Risk Assessment Matrix - Climate Variables and Impacts

2100 Extreme Consequence and Expected Likelihood

Climate variable

Higher maximum temperatures

Heatwaves

Intense rainfall

Wind gusts / wind speed

Storm surge

Decreased annual rainfall

Sea level rise

Impact
Increased heat-related illness

Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)
Increased heat related ilinesses
Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)

Increased flooding of buildings and homes
Increased flooding of roads

Increased erosion leading to road and bridge instability
Increased pollution (i.e. sewage; litter; sediment) in Port Phillip Bay

Increased pressure on stormwater infrastructure
Beach pollution
Increased requirements for stormwater management

General infrastructure damage

Beach erosion

Deposition of debris on beaches

Coastal erosion and infrastructure instability
Increased water demand

Decreased availability of water resources
Flooding of coastal properties

Coastal erosion and infrastructure instability
Beach erosion

Impacts on planning zones

2100 Extreme Consequence and High Likelihood

Higher mean temperatures

Higher maximum temperatures

Heatwaves
Higher potential evaporation
Intense rainfall

Wind gusts / wind speed

Increased water use / demand

Increased heat-related iliness

Increased fire risk

Increased in water use / demand

Increased demand for emergency services

Increased demand for emergency services

Increased water use / demand for gardens / recreation areas
Increased pressure on emergency services

Energy infrastructure damage
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2100 Risk Assessment Matrix - Climate Variables and Impacts (Continued)

2100 High Consequence and Expected Likelihood

Higher mean temperatures

Increased peak energy demand

Higher maximum temperatures

Loss of sensitive species and / or species of conservation significance

Increased number of people visiting beaches and tourist areas

Increased attendance at festivals and outdoor events, etc.

Heatwaves

Decreased outdoor tourist activity

Increased humidity and moisture stress

Higher potential evaporation

Thermal comfort of buildings and increased energy use (summer)

Increase water damage from roof leaks; etc.

Stress on building materials

Increased road accidents

Intense rainfall

Increased pollution of non-potable water resources

Decreased number of tourists

Increased road maintenance and general clean-up requirements.

Increased soil erosion

Increased sediment transport and deposition

Wind gusts / wind speed

Flooding of coastal properties

Storm surge

Damage to coastal ecosystems

Report (scheduled for release in
February 2007).

CREATE A PLANNING TOOL
Recommendation 3

Develop a planning tool to support
Council decision-making, initially by
adding to the existing STEPS process.

CREATE AN INFRASTRUCTURE
MANAGEMENT TOOL

Recommendation 4

Using the Risk Assessment

Tool, identify council assets and
infrastructure that are at risk. Prioritise
assets based on degree of risk,
monetary value and importance to

the Council and community. Protect
or retrofit assets / infrastructure
progressively, starting with those of
highest priority.

IMPROVE DATA & SYSTEMS
Recommendation 5

Undertake remote sensing image
classification, using high-resolution

X11

multi-spectral data, to calculate the
extent and location of impervious and
pervious surfaces for the City of Port
Phillip.

Recommendation 6

To accurately gauge potential coastal
inundation and beach erosion impacts,
acquire remote sensing (e.g. LIDAR)
data for the foreshore area.

ADAPT COMMUNITY ENABLING/
EMERGENCY SERVICES

Recommendation 7

In cooperation with emergency service
providers and the State Emergency
Services (SES), develop maps which
identify roads susceptible to flooding,
the location of vulnerable populations
and alternative routes to reach these
vulnerable populations and other key
areas in the case of road closure.
Also, identify areas which may be
difficult to access in case of a flood
emergency, and if possible, establish
an emergency service station within
that area.

Indirect roof and building damage (i.e. trees falling on buildings)

Recommendation 8

Develop a ‘Heat Health Alert System’
to be implemented on days when the
temperature is = 35°C.

Recommendation 9

Ensure that Port Phillip Council has at
least one multi-use facility with a back-
up power source that can be used as
a medical clinic or shelter in case of
an emergency.

BUILD STAFF CAPACITY
Recommendation 10

Conduct a workshop with key
personnel from all major departments.

ADVOCATE AT THE COMMUNITY,
STATE AND REGIONAL LEVEL

Recommendation 11

Undertake community education
initiatives (i.e. public meetings;
displays; information sheets; etc.)

to highlight adaptation activities of
council and to ensure that community
members are aware of their role in



fulfilling these initiatives.

Recommendation 12

Advocate at the State and regional
level to implement recommendations
that are outside of the City of Port
Phillip’s jurisdictional responsibilities,
and therefore, will require cooperation
of external stakeholders.

COLLABORATE WITH EXTERNAL
STAKEHOLDERS

Recommendation 13

In consultation with neighbouring
councils, EPA Victoria, Melbourne
Water and other statutory and
regulatory bodies as appropriate,
develop an Integrated Stormwater
Management Plan

Recommendation 14

Ensure that consideration of climate
change adaptation and abatement is
a legal requirement as part of official
planning policy.

Recommendation 15

Review and update building codes
to incorporate sustainable design
principles and climate change
adaptation and abatement.
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1. WHY PLAN FOR CLIMATE CHANGE?

1.1 THE CLIMATE IS
CHANGING

During the past 50 years, significant
warming trends have been observed
globally. The general consensus is
that most of this observed warming
has been caused by human activities
— man-made emissions have caused
an increase in the concentration of
carbon dioxide and other greenhouse
gases, resulting in a shift in the
composition of the atmosphere, which
improves the ability of the atmosphere
to trap heat thus resulting in warmer
surface temperatures.

RECENT GLOBAL CLIMATE TRENDS

Though significant regional variation
exists, observed global trends provide

evidence of a changing global climate
(Table 1.1). In addition to observed
trends, shifts in plant and animal
locations, as well as changes in
animal seasonal behaviour that are
consistent with a warming trend have
also been recognized (Steffen, 2006).

RECENT CLIMATE TRENDS IN
AUSTRALIA

Recent climate change in Australia
has, for the most part, been consistent
with global trends.

Trends in Temperature

Since 1910, the average surface
temperature in Australia has
increased by 0.9°C — 0.2°C greater
than the average global increase in
temperature over roughly the same
period of time (Nicholls and Collins,

Table 1.1 Recent Trends in Climate Change

Climate Variable Trend

Average temperature

Sea surface temperature

Average precipitation

Glaciers, ice sheets and
frosts

Ocean acidity

Sea level rise

Heat waves

2006). Minimum temperatures have
increased by 1.14°C and maximum
temperatures have increased by
0.65°C.

Evidence also indicates that climate
change is accelerating with the rate of
change since 1950 being greater than
that prior to 1950. This acceleration
is not uniform across Australia,

with southern and eastern regions

experience greater warming than other

regions. CSIRO predicts that by 2030,
the average temperature in Australia
will increase by a further 0.4 to 2°C.

Globally, nine of the ten hottest

years on record (since instrumental
temperatures began in 1861) occurred
in the past decade (1995 — 2005).
Bureau of Meteorology (BOM) data

Explanation

Surface temperatures have increased globally by 0.7°C since 1861. It is not the magnitude
of this change that is alarming, but rather the rate of change, which is outside the range of
historical variation. [Jones and Moberg, 2003]

Sea surface temperature refers to the sub-surface bulk temperature (i.e. the temperature in
the first few metres of the ocean). Sea surface temperature annual anomalies from 1861 to
2000 have been assessed relative to the average annual anomaly from 1961 — 1990. This
assessment indicates an increasing trend in sea surface anomalies, consistent with a warm-
ing scenario [IPCC, 2001]. Much of climate and weather over land is directly related to sea
surface temperatures, and therefore, they provide a good indicator of future climate events,
such as hurricanes, major storms, droughts, etc.

Despite significant regional variation, global average precipitation over land has increased by
about 2% since the beginning of the 20" Century. [IPCC, 2001]

The total surface area of glaciers worldwide has decreased by 50% since the end of the 19"
century. In addition to being an indicator of climate change, by changing the reflectivity of
the earth (the “albedo”), glaciers can contribute to and exacerbate climate variability. Glacial
melt results in decreased reflection of the sun’s energy, which provides a positive feedback to
warming trends. [IPCC, 2001]

Oceans act as a carbon sink, soaking up carbon dioxide. In water, however, carbon dioxide
becomes a weak carbonic acid. It is estimated that the pH of the ocean has already de-
creased by 0.1 units to 8.2. It is estimated that the pH of the ocean could drop to pH 7.7 by
2100. This change could have a significant effect on marine organisms with calcium carbon-
ate shells, including corals. [Jones and Moberg, 2005]

Global average sea level has risen 1.7 mm per year since 1900. Most of this is due to ther-
mal expansion. Other components of sea level rise include melting of glaciers and small ice
caps, melting / accumulation of snow from large ice caps and changes in terrestrial storage.
[Church and White, 2006]

Heat waves have increased in frequency and intensity since 1960. Evidence suggests that
with increased mean temperatures, heat waves will become more intense, last longer and be
more frequent. [Meehl and Tebaldi, 2004]

—_—
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indicates that 2005, with an average
temperature of 1.09°C above the
standard 1961-90 average, was
Australia’s hottest year since reliable
temperature measurements became
available in 1910.

Observed Rainfall Trends

Rainfall records for Australia between
1900 and 2005 show an increasing
trend over many parts of the country
(BOM, 2006). In the latter half of the
20th century however, rainfall has
decreased in southern-western and
eastern Australia and increased in
north-western and central Australia
(Figure 1.1). Due to natural variability
of rainfall across Australia, it is difficult
to determine the significance of these
trends. In Melbourne, for the past 10
years (October 1996 — September
2006), the annual rainfall has been
over 100 mm lower than the long-term
average (i.e. 539 mm versus 655 mm)
(BOM, 2006)).

Additional climate trends observed in
Australia include:

» Anincrease in sea surface
temperature - in the past 10 years,
sea surface temperature anomalies
around Australia have all been
positive (BOM, 2005).

» Increase in the frequency of heat
waves, as evidenced across

Australia for the past five years
(Steffen, 2006).

» Sea level rise - The most reliable
sea level data for Australia is
through the Australian Baseline
Sea Level Monitoring Project.
Though short-term (1991 —
present), the data from this project
indicates a positive overall sea
level rise with significant regional
variation (i.e. ranging between
9.7 mm per year in Broome and
2.2 mm per year in Rosslyn Bay).
In Victoria, monitoring stations
at Lorne and Stony Point have
recorded rises of 2.8 mm per year
and 2.4 mm per year respectively
(National Tidal Centre, BOM,
2006).

POTENTIAL IMPACTS OF CLIMATE
CHANGE IN AUSTRALIA

The changes in climate discussed in
the previous section could have many
potential impacts on Australia. These
are summarized in Table 1.2.

The manifestations of climate change
that are most likely to affect the City
of Port Phillip (in order of significance)
are: sea level rise; intense rainfall and
other extreme storm events; extreme
high temperatures and heat waves;
decreased average precipitation; and
fire risk. The impacts of each of these
on the study area are discussed in the
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Figure 1.1 Trend in Annual Rainfall (mm per decade), 1950 - 2005. [BOM,

2006]
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following chapter.

1.2 THE ROLE OF PORT
PHILLIP COUNCIL

Port Phillip City Council is actively
reducing its vulnerability to climate
change by anticipating potential
climate issues and adapting
accordingly.

As a result of the changing climate (as
described in the section above) and
the location of the City of Port Phillip
on Port Phillip Bay (Figure 1.2), it is
likely that Port Phillip will experience
hotter and drier summers; milder
winters; more intense rainfall events
associated with an increased risk of
flooding in some areas; more extreme
weather events in general (i.e.

strong winds, lightning, hail storms,
heat waves, etc.); and sea-level

rise, coastal inundation and beach
erosion. It is anticipated that even a
small shift could potentially have large
ramifications for existing infrastructure
(Auld and Mclver, 2005).

Given the magnitude of the potential
consequences of climate change, it is
necessary to incorporate climate risk
management into decision-making at
all levels of Government. For local
councils, however, it is particularly

crucial, as the impacts of climate
change will ultimately be felt at a local

level. Local governments have a
wide range of legislative, operational
and community responsibilities

in managing their municipal

areas. Climate change is likely to
have an impact on many of these
responsibilities, including land-use
planning, building control, provision
and maintenance of drainage
infrastructure, etc. The main reason
that climate change is a relevant
planning issue for local government is
that the time frame of likely noticeable
impacts lies within the typical
replacement cycle of infrastructure
such as large commercial
developments and dwellings (Walsh
et al. 2004). Successful planning
for climate change will allow Port
Phillip to effectively respond to these
challenges.



The role of Port Phillip Council in community. Local government’s
planning for climate change is to diverse responsibilities and closeness
use planning policy, available policy to the community make it well suited to
instruments and its operational address the necessary local response
responsibilities to effectively reduce to climate change.

the vulnerability of the City of Port —

Phillip. The Council has a further role ~ 1he responsibilities of local

in building capacity and awareness government§ with respect to climate
of climate change and its potential change can include:

impacts within council and the

»

»

»

»

Maintain public safety;

Protect and enhance the local
economy

Protect existing community
structures and the lifestyle enjoyed
by the people of the region

Sustain and enhance the physical
and natural environment

Table 1.2 Impacts of Climate Change on Australia Recent Trends in Climate Change

Area of Impact Impacts

Climate change may occur faster than most natural systems have the ability to cope with. Adaptation in natural

Natural
Environment

Water
Resources

Agriculture and
Forestry

Coastal Areas

Health

Built
Environment
and
Infrastructure

Energy

systems normally required gradual change over several generations.

Ecosystems most likely to be impacted by climate change include alpine ecosystems, estuaries and coastal

wetlands, reef systems, tropical rainforests and rangelands.

There is also potential for increased weed and pest invasion.

Both the quality and quantity of water resources may be affected by climate change.

Water quality can be affected by soil erosion, lower flows and higher water temperatures.

Decreased rainfall could result in lower flows, and less water available for domestic, industrial and agricultural

use. Water availability may also be affected by increased evaporation.

Agricultural activities are particularly vulnerable to any decrease in annual rainfall. Further, increased
temperatures and increased evaporation may be detrimental to the productivity of some crops.

Some regions may be affected positively by low levels of climate change, which may result in longer growing

seasons, fewer frosts, higher rainfall and carbon dioxide fertilization.

Less frosty days could increase the survival of some crops, but at the same time detrimentally impact crops

which rely on frost at some point during the growth stage.

Coastal areas are at risk from sea level rise and associated increases in storm surge heights and flooding of
low-lying areas. Infrastructure, residences and buildings along the coast are particularly at risk to this increased

exposure.

Natural coastal systems, such as wetlands are also vulnerable.

It is likely that climate change will enhance the spread of some disease vectors, thereby increasing the potential

for infectious disease outbreaks.

Higher temperatures and a possible increased frequency of heatwaves could also increase the incidence of

heat-related illnesses. This is of particular concern in urban areas.

Buildings and infrastructure design standards are currently based on expected return frequencies of major storm
events, such as strong winds, intense rainfall, storm surge, etc. With climate change, it is likely that these return
frequencies will change, and therefore, current infrastructure may not be equipped to withstand future climate

conditions.

The built environment could be impacted by extreme climate events, including flooding and storm surge, erosion.
This puts the majority of Australia’s population at risk, since a majority of the population resides in cities. It could

further cause problems for the insurance and re-insurance industries.

Energy demand is closely related to temperature with peaks during both the winter and the summer. Climate
change is likely to increase peak demand during the summer months for air conditioning, and peak demand is

already approaching peak generating capacity.

Electricity supply is also vulnerable to disruption caused by extreme weather events.

Adapted from the Draft Climate Change Strategy for Tasmania, DPIW, Tasmania, 2006, page 10.
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» Ensure sound public administration
and governance (AGO, 2006).

The risks associated with climate
change are not new. As a result,
council will not be required to make
significant changes in order to deal
with climate change. Climate risks
can be managed through existing
council functions and services. It
is simply a matter of planning. Port
Phillip Council’s existing, ‘Toward
Zero: Sustainability Strategy’ provides
an excellent framework to initiate
incorporation of climate risks into
council planning.

In the Toward Zero — Sustainable
Environment Strategy (2006), the
council committed to:

» The health and quality of the local
and bioregional environment;

» The efficient and sustainable use of
resources;

» A sustainable built environment
and infrastructure;

» Sustainable transport modes;
» Climate change adaptation;
» Sustainable communities;

» Collaboration for sustainability
outcomes;

» Advocacy for a change-adept and
sustainable future.

Climate change response strategies
can be integrated into these existing
strategies and ongoing council
activities.

Generally, climate change risk
assessment should be incorporated
into ongoing council activities, rather
than treated as a separate issue. By
providing a comprehensive review of
the possible climate scenarios, the risk
assessment undertaken in this study
provides a basis for the incorporation
of climate change considerations into
the decision-making process at all
levels of the Council.

ABATEMENT AND ADAPTATION

Action on climate change can be
separated into two categories:
adaptation and abatement.

20

Abatement refers to activities that
seek to reduce climate change or
the rate of change. These activities
are usually focused on reducing
human climate drivers (i.e. carbon
emissions). Even if abatement
measures are effective, however, the
concentration of greenhouse gases
already present in the atmosphere

is enough to cause some degree

of change, and therefore, future
change is inevitable. Until recently,
climate action has mostly focused
on abatement activities, but recent
climate trends and a growing
recognition of the potential risks
associated with climate change have
increased interest in adaptation.

Adaptation actions are undertaken

to reduce the potential negative
impacts of climate change, and
possibly to capitalize on any new
opportunities. Informed and proactive
planning in the areas of emergency
response, urban planning, stormwater

management, etc. is required
to develop suitable adaptation
measures.

Adaptation and abatement should
be approached as complementary
because they are most effective

if considered and implemented
simultaneously. Using a detailed
risk assessment, this report provides
a framework for future action on
climate change action for a case
study area (Figure 1.3, Box 1)
within the City of Port Phillip (Figure
1.2). The recommendations of this
report, while focusing primarily on
adaptation activities, also consider
the importance of continuing and
improving on existing abatement
activities.

1.3 DEALING WITH
UNCERTAINTY

In the past, uncertainties regarding
the magnitude and impacts of
future climate change have largely
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Figure 1.2 Location Map of the City of Port Phillip




Refer to Figure 1.3 City of Port Phillip Study Area
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prevented action from being taken,
and although, uncertainties still exist,
there is now sufficient information to
enable local government authorities

to factor climate risks into their
decision-making process. Uncertainty
regarding future climate scenarios is
no longer considered a good enough
reason not to act — the risks of inaction
are just too great.

Risk assessment provides a
framework for systematically
identifying and evaluating the potential
impacts of uncertain events. By using
a risk assessment framework, possible
risks can be assessed, and cost-
effective risk control strategies can be
identified and prioritised.

The method of assessment that

was used in this study is consistent
with Australian Standard, AS/NZS
4360:1999 and with the methodology
outlined in “Climate Change Impacts
and Risk Management: a Guide for
Business and Government” (AGO,
2006).

Risks associated with climate change
are not necessarily the direct result
of changes to climate and climate-

Box 1. Study Area

The study area extends from Middle Park in the north to Elwood in the south, and is
bounded by the coastline on the west and St. Kilda Road on the east (Figure 1.3).
This area comprises approximately 10km?2, of which about 20% of which is made up of

parks, public gardens and reserves.

and commercial centres, including:

» Luna Park

» St Kilda Botanic Gardens
» The Esplanade

» Cantini Gardens

» St Kilda Marina

» Fitzroy and Acland Streets

» Ormond Village

related variables, but rather are the
result of a chain of consequences
(AGO, 2006). The first step of the
assessment was a review of this
potential chain of consequences,
including the identification of plausible
climate change scenarios for the Port
Phillip area. These consequences
were then applied to ‘impact areas’
corresponding with Port Phillip Council
responsibilities and areas of concern.
Impacts were then identified for each
responsibility / area of concern:

» Built Environment;

» Water Management;

» Transportation Infrastructure;
» Tourism;

» Natural Environment; and

» Other services (which include
maintenance activities; health and
aged care services; emergency
services; etc.).

The risks associated with changes in
climate variables in each impact area
were then identified and assessed as
per the criteria provided in Box 2. Risk

The study area encompasses many of the City of Port Phillips key tourist attractions

» The St Kilda Foreshore — including the Pier and St Kilda beach

Based on planning zones, the study area comprises approximately 60% residential zone,
including distinctive streetscapes of Elwood; Albert Park and Ormond neighborhoods.
The study area takes in about 140km of roads, including notable beachfront roads such
as Beaconsfield parade; the Esplande; Jacka Boulevard; and, Marine Parade.

Assessment Criteria. Risks were
given a score for likelihood (1 — 5)
and a score for consequence (1 — 5)
(refer to Box 2), and then these scores
were multiplied to provide an overall
risk score. The risk score provides a
way of identifying priority risk areas.
The assessment was taken for three
different time horizons (refer to Box
3.) to give an indication of short and
longer term risks.

A “risk meter” graphic, based on

the familiar design of ‘Fire Danger
meters,” was created for each climate
variable mode of impact to illustrate
the risk associated with each mode
of impact. Also, each meter provides
a risk rating for all three timeframes
allowing visualization of the change in
risk over time. The risk ratings were
determined by averaging the risk
scores of all identified risk associated
with the mode of impact.

\WODERATE

g,

Mean risk score for impacts in 2100
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Box 2. Risk Assessment Criteria

The risks associated with each impact were assessed by likelihood of occurrence and severity of consequence. As a result of the
uncertainty surrounding climate change, likelihood can mean two different things — the likelihood of occurrence of a particular climate
scenario and the likelihood of occurrence of a particular risk should that scenario occur. For this assessment, likelihood refers to the
probability of a particular impact occurring if a particular climate scenario were to happen. The criteria for assessment of likelihood
(given that a particular climate change scenario occurs) are listed in Table 1 below.

Table 1. Criteria for ranking likelihood.

Likelihood Rating | _ Score | Criteria |

Expected 5 > 50% chance of occurrence
High 4 10 — 50% chance of occurrence
Moderate 3 1 - 10% chance of occurrence
Low 2 0.1 — 1% chance of occurrence
Not likely 1 < 0.1% chance of occurrence

Consequence was classified using a five-class ranking system (Table 2). Criteria for four categories — public safety; financial
expenditure; community and environment; council activities — were provided as a basis for assessment. During the assessment, for
simplicity, impacts were given only one consequence rating. If an impact affected more than one category, the greatest severity rating
was used.

Table 2. Consequence ranking system.

Severity of Rating Criteria

Consequence

Public Safety Financial Expenditure Community and Environment Council Activities

(score)

Extreme (5)

High (4)

Moderate (3)

Low (2)

Negligible (1)

Large number of
residents suffering
serious injury or death

Isolated cases of
residents suffering
serious injury or death

Few major and some
minor injuries

Near miss or minor
injuries

No significant harm
done

Significant financial
investment required to fix or
replace lost asset. Major
State funding required.

Financial investment
required with a need for
supplementary State funding

Expense required within
existing budget plus
contingencies

Expense required to fix
within existing budget

Negligible financial
investment required to fix

Permanent major changes to
community and the environment

Some permanent changes to the
community and the environment

Major temporary change to the
community and the environment

Minor temporary change to the
community and the environment

No noticeable change to the
community and the environment

Major impact on council
activities — i.e. new major
function required or loss of
existing major function.

Some impact on existing
council activities or the
requirement for minor additional
services

Some pressure on many
council activities

Minor pressure on one or two
council activities

Negligible impact on council
activities

Adapted from AGO, 2006, Table 8, page 35.

Box 3. Climate Change Scenarios

Climate change scenarios can be used to better understand climate uncertainties by identifying thresholds and sensitivities (Firth
and Colley, 2006). In this study, climate variables and the potential manifestations of climate change are examined under scenarios
for three different time horizons: 2020, 2050 and 2100. The time frames listed above were selected for each time horizons because
they correspond closely with the projections generated by IPCC and CSIRO modelling. Further, the 2020 horizon corresponds with
the deadlines for Port Phillip Council’s “Toward Zero — Sustainable Environment Strategy 2006’ sustainability challenges.

For planning purposes, the three horizons can also be considered as an indication of low, mean and extreme projections for the
short-term —i.e. the 2020 scenario represents a low estimate, the 2050 a medium estimate and the 2100 the extreme estimate.

The actual projections used in the modelling and risk assessment for this study were generated through a combination of best
available regional projections (Victoria, Melbourne and Port Phillip Bay), global projections and local observed trends (Melbourne,
Port Phillip Bay).
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2. THE ST KILDA CASE STUDY

2.1 SEA LEVEL RISE

Globally, sea levels have risen
approximately 3 mm per year since
1992 (IPCC 2001), and studies
indicate that the observed rise in Port
Phillip Bay has largely been consistent
with this global trend (National Tidal
Centre, 2006). Sea level does not rise
uniformly; there is significant regional
and even local variation, largely
depending on coastal geology (i.e.
isostasy, the uplift or subsidence of
the earth’s surface, and tectonic uplift
/ subsidence, relative rise in response
to fault motions).

Linear extrapolation of the observed
sea level rise since 1992 provides the
following sea level rise predictions:

» 4.5cm by 2020,
» 13.5 cm by 2050; and
» 28.5 cm by 2100.

Due to regional and local variation and
the observed acceleration in the rate
of sea level rise, linear extrapolation
of current trends may not be an
accurate indication of future changes.
For example, one extreme estimate
indicates that if the acceleration in
sea level rise continues at its current
rate, a 3 m global sea level rise by
2100 is possible (Church and White,
2006). Studies indicate that at higher
levels of warming, the rate of sea
level rise is likely to increase due to
positive feedbacks (i.e. increased
melting of the polar ice sheets, etc.)
(Stern, 2006). To account for regional
variation, potential climate feedback
mechanisms and changing trends,
the following ranges have been
established by IPCC and CSIRO
modeling:

» Between 3 cm and 10 cm by 2020;
» 5 cm and 30 cm by 2050; and

» 10 cm and 88 cm by 2100 (IPCC,
2001 and CSIRO, 2005).

The primary impacts of sea level rise

do not result from this gradual rise, but
rather from the associated erosion and
exacerbated storm surge and storm
tides. The risks associated with these
two primary impacts were evaluated
as part of the risk assessment.

COASTAL EROSION
WODERATE

i,

Coastal erosion is a natural process,
which will is likely to be accelerated by
sea level rise. Erosion will be further
exacerbated by storm surge and storm
tides, as will be discussed in the next
section.

Under natural conditions, beach
erosion will progressively create
more beaches further inland. Coastal
development and associated beach
constraints (sea walls, artificial dunes
and infrastructure), however, prevent
this natural process from taking place.
Coastal infrastructure, combined with
severe storm events, has already
contributed to significant coastal
erosion around Port Phillip Bay in

the past 50 years (Perronnet and
Tyshing, 2003), as evidenced by the
many beach renourishment projects
that have been undertaken along
the shores of the Bay since the early
1970’s.

Changes to coastal infrastructure

in the study area over the past 50
years can be seen by comparing
recent (2004) aerial photography with
historical (1966) aerial photography.
Changes include an increase in
buildings along the coastline and
development of former beach and
dune areas (Figure 2.1). By restricting
natural coastal processes, these
developments are likely to have
influenced coastal erosion in this area.

The rate of lateral erosion (i.e.
erosion inland) can be 2 orders of
magnitude greater than the increase
in sea level rise (Walsh et al. 2004).
This generalization will not be

true of all coastlines as the rate of
erosion is associated with coastal
geomorphology (i.e. sandy shores
will erode more quickly than hard
rock coastlines) (Sharples, 2006). As
an example, modeling of the Middle
Park Beach profile indicated that with
a mean sea level rise of 0.3 to 0.5

m, the actual recession of the beach
berm may be between 3.5 mand 5 m

Table 2.1 Major Risks Associated with Beach Erosion

Mode of

Code

Impact

SLR3 Infrastructure instability

SLR4  Loss of beaches

SLR8 Impacts on planning zones

SLR1  Flooding of coastal properties 16
Coagtal SLR5 Loss of tourist destinations 15
Erosion

SLR6  Loss of roads

SLR7 Loss of bike trails and

walking paths

Risk Score

Impact

2020 2050 2100

12 16

12 16
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(respectively) (Mclnnes and Hubbert
1996).

The major impacts of coastal erosion,
as identified by the risk assessment,
are listed in Table 2.1, and Figure 2.2
shows the extent of foreshore at risk
within the study area.

The major risks associated with
beach erosion from sea level rise
include infrastructure instability, loss
of beaches, impacts on planning
zones, flooding of coastal properties
and subsequent changes to property
values.

Infrastructure Instability

Waves, storm surge and flooding
could result in erosion around the
foundations of buildings or beneath
roads or bridges leading to overall
infrastructure instability. Within

the study area, buildings and
infrastructure particularly at risk
include the Luna Park, St. Kilda Baths
(and its underground car park); the
residential areas adjacent to the
Elwood Canal (Plate 2.1); the St.
Kilda Pier and the St. Kilda Marina.
Flooding and instability are also
associated with the loss of tourist
destinations, roads and bike / walking
trails. It is estimated that over 6km of
coastal bike trails may be impacted
within the study area.

Loss of Beaches

Beach erosion naturally results in the
creation of new beaches. Coastal
infrastructure, such as sea walls,
however, will not allow creation of
new beaches; instead, the beach is
simply eroded away. Within the study
area, Middle Park Beach and St. Kilda
Beach (Plate 2.2) are susceptible to
erosion (Images 1 and 2 in Figure
2.2), and could potentially be lost as a
result of sea level rise and associated
erosion.

Coastal erosion can also lead to
deposition of sand and sediment
and the creation of new beaches or
improvement to existing beaches

in some locations. This could be
significant for West Beach, as this
sheltered beach behind the St. Kilda
Pier is particularly susceptible to
sediment deposition. At the same
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Plate 2.1 Low-lying residential area adjacent to the Elwood Canal.

time, however, sediment deposition in
this area could result in siltation and
subsequent obstruction of the area
around the Royal Melbourne Yacht
Squadron slipway entrance (Image 3
in Figure 2.2).

Flooding of Coastal Properties

The final three risks are all related
— the flooding of coastal properties
is likely to affect the value of coastal

Plate 2.2 St Kilda Beach bounded by a low sea wall.

properties and impact on planning
zone designations. Beaches act as
natural coastal buffers, and therefore,
as beach is lost to erosion, land
immediately inland of the coastal zone
will become increasingly vulnerable to
wave attack, particularly during storm
events.

According the ‘National Coastal
Vulnerability Study’ (February 2006),
the City of Port Phillip has over



Refer to Figure 2.1 Historic Aerial Photography

AAILVILINI WITDLYN V | 3DNVHD JLVYWITD Y04 ONINNVd | dITTIHd 140d 40 ALID

N~
N



THIS PAGE HAS BEEN LEFT INTENTIONALLY BLANK



Refer to Figure 2.2 City of Port Phillip Beaches
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Figure 2.3 Storm surge and storm tide (Bureau of Meterology, 2006)

9,000 addresses within 3 km of the
coastline and below 4 m in elevation,
and it is these properties that will be
most at risk from beach erosion and
subsequent flooding.

In addition to residential properties,
key tourist areas, such as Luna Park,
Acland St. and the St. Kilda Baths are
also at risk of flooding (Figure 2.4) in
the next section).

Additional Impacts

A further impact of coastal erosion
includes damage to coastal
ecosystems and vegetation in
general. Although the coastline in
the study area is a highly modified
environment, there are still important
coastal ecosystems which may be
affected. For example, any loss of
the St. Kilda Pier could affect the
colony of fairy penguins living on the
rock break wall at the end of pier.
Further, there is a native species
regeneration project in the St. Kilda
Foreshore area, which is vulnerable

to erosion and inundation.

STORM SURGE AND STORM TIDE

WoDERATE
"

Storm surges are potentially
hazardous and destructive to coastal
regions, and mean sea level rise is
likely exacerbate the intensity and
magnitude of storm surge events.
Climate change can also affect
storm frequency and intensity, which
may affect return periods for storm
surge events (e.g. what is currently
considered a 100-year storm event
may become a 80-year event, which
means that it may occur every 80
years as opposed to every 100 years)
(Walsh et al. 2004).

Storm surge is defined as the rise

in sea level due to low atmospheric
pressure and/or surface wind stress.
Along the coast of Victoria and within
Port Phillip Bay, storm surges are
often the result of westerly winds
associated with cold fronts, Tasman
Lows and East Coast Lows (Leigh
and Chen, 2006). The combination
of storm surge and the normal
(astronomical) tide is referred to as
‘storm tide’ (BOM, 2006) (Figure 2.3).

The area inundated by storm surge
depends on the magnitude of the
storm event (wind speeds or low
pressure system) and the topography
of the coast. If the land adjacent to
the coastline is low-lying, it is possible

for flooding to occur several kilometers

inland.

Possible storm surge and tide levels
can be estimated by modeling current
storm surge events with predicted sea
level rise. Modeling indicated that for
wind speeds ranging from 10% below
current conditions to 20% above
current conditions, the corresponding
change in storm surge was twice

that of wind speed. Past storm

surge heights in the study area have
been modelled at 1.25 m (Mclnnes
and Hubbert 1996). Based on past
events, predictions of possible future
storm surge levels in Port Phillip Bay
include:

» A storm surge of 1.65 m with a 35
cm sea level rise;

» A storm surge of 2.06 m with an
80 cm sea level rise (Mclnnes and
Hubbert 1996); and

» A storm surge of 2.31 m with an
80 cm sea level rise and a 10%
wind speed increase (Mclnnes and
Hubbert 1996).

These projections were mapped
over the study area (Figure 2.4), and
the results of the risk assessment
were applied to the areas that were
identified as being at risk.

The identified risks associated with
storm surge are listed in Table 2.2
below.

The risk assessment identified two
major risks associated with storm
surge in the short-term: loss of
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beaches and impacts on planning
zone designations. Though loss of
beaches was covered in detail in

the previous section, it is important
to point out here that storm surge
events will increase both the rate
and magnitude of beach erosion and
subsequent loss. As an example,
Middle Park Beach lost several
thousand cubic metres of sand during
the major storm event in February
2005.

Impacts to Planning Zones and
Coastal Flooding

Planning designations are likely to be
affected by future storm surge events.
As these events become more
frequent, more intense and move
further inland, it will become more
difficult to protect properties already
at risk, and additional properties

not currently at risk (and therefore
not currently protected) will be
vulnerable. Though the third highest
risk, flooding of coastal properties,

is the primary driver behind impacts
on planning zones, it was not given
as high of a risk score because it
had a lower likelihood of occurrence
in the short term. Despite this low
likelihood, the potential magnitude
of the consequences of flooding, the
increased risk of flooding over time
(refer to 2050 and 2100 risk scores)
and public perception will most likely
affect planning zone designations.

Within the study area, the locations
most at risk from coastal inundation
are the low-lying areas of the St.
Kilda foreshore and the land around
the Elwood Canal. It is also possible
that coastal inundation in these areas
could be exacerbated by stormwater
flooding, as discussed in the following
section.

Flooding of these areas is likely to
affect the following key infrastructure
and areas:

» Acland St. — flooding of buildings
and prevention of tourist activities.

» Catani Gardens — loss of
vegetation and increased salinity of
soils.

» Residential properties particularly
around the Elwood Canal.

32

Table 2.2 Risks associated with storm surge and storm tide.

Risk Score

Mode of

Code
Impact

2020 2050 2100

SLR8 Impacts on planning zones ---
SS1 Flooding of coastal properties --
SS5 Deposition of debris on beaches 16

Storm Coastal erosion and infrastruc-

SEIJ_TSE/ SS6 ture instability 119

ide
SS8 Damage to coastal ecosystems 12 16 -
SS7 Damage to bike trails and coastal 9 12 15
roads

SS2 Impacts of salt (sea spray) on 4 9 16

buildings

Box 4. Storm surge - Map Method

Using GIS software, 1m interval contours were used to create a digital elevation
model (DEM) of the study area. From the DEM, contours at 25cm intervals were
interpolated.

Contours closest to the observed and modeled storm surge heights, were smoothed
and displayed on the map to indicate likely extent of land inundation under storm
surge events of different magnitudes. For the purposes of this study, an intermediate
event, representing approximately the 2100 sea level rise prediction (~ 35 cm) was
also mapped.

It should be noted that the map is indication of the probable extent of storm surge
induced flooding. Moreover, the map is designed to show areas of low surface
elevation that have heightened risk from bay flooding. When interpreting the map, the
following should be borne in mind:

» Overall accuracy of interpolated (less than 1m contours) is dependent on the input
raster representing the actual surface terrain of the study area. Pervious surfaces;
soil type; physical features (e.g. walls) etc. will influence flooding.

» The modeling of land inundation extents does not take into account existing flood
mitigation measures, nor the capacity of a particular area to drain flood water
away.

» The map does not incorporate the duration period of modeled or observed storm
surge flood inundation.

» St. Kilda Sea Baths — flooding of
building (Plate 2.3) and parking
garage.

previous section.

MANAGEMENT AND MITIGATION
MEASURES
» The Esplanade and Beaconsfield

Parade. To manage or mitigate the identified

risks associated with sea level
rise, the following actions are
recommended:

» St Kilda Marina.

Temporary coastal inundation, such as

that associated with storm surge may 1. Use storm surge, coastal

increase the salinity of soils affecting
coastal vegetation and ecosystems.
The remaining impacts of storm surge
are also associated with erosion,

and were therefore addressed in the

inundation and erosion vulnerability
mapping provided in this study

to review existing planning zone
designation, and make changes
where appropriate;



Refer to Figure 2.4 Storm Surge Inundation
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Plate 2.3 St. Kilda Sea Baths protected by a low sea wall.

2. Where possible, create vegetated
buffer zones to protect significant
at risk infrastructure. Vegetation
that can be used to protect coastal
infrastructure includes coastal
banksias, Ti trees, etc. Further,
dune systems act as coastal
buffers, and therefore the re-
establishment of these systems will
help protect coastal infrastructure.

3. Stabilise the shoreline and protect
vulnerable infrastructure with sea
walls and other mechanisms.
Upgrading of coastal defenses
will require significant capital
investment and ongoing
maintenance (Stern, 2006), and
therefore, Council will need to
work with other stakeholders
to ensure sufficient budget is
available to protect key areas.
Note: when planning coastal
infrastructure, it is also important
to consider stormwater drainage.
Sea walls and other shoreline
protection mechanisms can make
infrastructure more vulnerable to
stormwater flooding by preventing
stormwater drainage to the bay.

4. Review current beach
renourishment programs. Sand

deposition and erosion patters
should be studied. Renourishment
programs at some beaches may
need to be reconsidered in the light
of sea level rise — it may be too
expensive to maintain some beach
areas.

2.2 INTENSE RAINFALL
WwoDERATE

It is likely that climate change will
increase the magnitude of storm
events (Stern, 2006). The magnitude
of a storm event is determined by the
duration and intensity of rainfall and
how often these conditions are likely
to occur, for example, a 20-year storm
event is expected to happen once
every 20 years. Climate change is
likely to affect all aspects of magnitude
- duration, intensity and frequency

- and this is often discussed in terms
of changes to the frequency of events

(i.e. ‘annual recurrence intervals’
- ARlIs).

The most recent scenarios predict

an increase in the intensity a 20-
year ARI, in other words, what was
once considered a 20-year event will
now occur more frequently (i.e. may
become a 10 year event), and a new
20-year event will be more intense (i.e.
what was formerly a 50-year event
may now be a 20-year event). The
most recent projections provide an
increase of between 5% and 70% in
intensity of a 20-year event by 2050
(AGO and CSIRO, 2006). For this
study, the following predictions of
storm intensity were considered likely
for the Port Phillip area:

» 5% increase in intensity of 20-year
event by 2020.

» 35% increase in intensity of 20-
year event by 2050.

» 70% increase in intensity of 20-
year event by 2100.

CSIRO further predicts a 5% increase
in storm event rainfall per degree

of climate warming. Infrastructure
damage is likely to increase
substantially from even small changes
in the magnitude of storm events
(Stern, 2006).

Design standards that were
implemented over 25-years ago
provide for a 1 in 100-year ARI design
standard for flooding. With climate
change, what was considered a 1 in
100-year ARI 25 years ago is likely to
occur more frequently (i.e. possibly
once every 75 years). It is estimated
that a 5% increase in the intensity

of the design standard 1 in 100-year
ARI would result in an additional 1.8
mm of rainfall per 2-hour storm event
and a 10 mm increase in flood levels
for a 2-hour storm event (Howe et al.
2005). In other words, a 5% increase
in rainfall by 2020 will result in 100-
year event equal to what is currently
considered a 130-year event (Howe et
al. 2005).

The risks associated with intense
rainfall are primarily related to
stormwater runoff and flooding, as
discussed in the sections below.
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STORMWATER RUNOFF
WODERATE

Y

The impacts of stormwater runoff are
associated with the quantity, flow rate
and quality of runoff — all of which are
potentially affected by climate change.
The amount of stormwater runoff and
the rate of flow depend on the amount
of impervious surface, as well as the
intensity and duration of the storm
event.

It is estimated that the study area
contains approximately 80%
impervious surface —i.e. between
10% and 25% pervious surface
(vegetation). These estimates were
derived using high resolution aerial
photography from 2004. Three 0.5
km? zones were selected at random
across the study area, and for each
zone, vegetation (including public and
private gardens; median strips, large
trees) was digitized and aerial extent
(m?) calculated. Despite significant
variation in the amount of vegetation
cover across different regions of the
study area (a function private garden
size, as well as the presence of public
open spaces, parks and reserves),
the proportion of pervious surface
for the study area is estimated to be
approximately 20%.

Changes in the mean rainfall patterns
could also exacerbate stormwater
flows, as during a dry period, the
permeability of pervious surfaces
often decreases. Gradual rainfall

will restore the permeability, but the
majority of intense rainfall will not be
able to penetrate the dry surface, and
will runoff.

The risk assessment identified five (5)
major risks associated with increased
stormwater runoff (Table 2.3).

Pressure on Stormwater
Infrastructure

The ARIs currently used by the

36

Table 2.3 Major risks associated with stormwater flows.

Mode of
Impact

Pressure on stormwater

Risk Score

2020 2050 2100

IR14 infrastructure
Requirements for stormwater

IR17
management

IR15  Beach pollution

IR13 Pollution of non-potable water
resources

IR19 Road maintenance and general
clean-up requirements.

IR20  Pressure on emergency services 16

Stormwater . . .
RUNoff IR7 .Er05|o.r} leading to road and bridge 15

instability

IR11 Pollution (i.e. sewage; litter; 15
sediment) in Port Phillip Bay

IR21 Soil erosion 12

IR22  Sediment transport and deposition 12

IR12 Pollution of potable water 10 10 10
resources

IR23 Lo_ss of vegetation and some 6 6 6
animals

IR9 Landslides 5 5 5

stormwater industry were developed
in 1987 by the Institution of Engineers,
Australia. Most minor drainage
systems in the Melbourne area are
designed for 1 in 20 year ARIs (in high
density areas) and 1 in 10 year ARIs
(in areas of lower density). Major
drainage systems are designed to
capture excess runoff from the minor
systems for a 1 in 100 year ARI.

Changes in the intensity or frequency
of ARI storm events, will put
increasing pressure on, which is likely
to overwhelm existing stormwater
infrastructure. This pressure could
result in damage to infrastructure and
increasing infrastructure maintenance
requirements. The most likely
damage to stormwater infrastructure
includes: cracking and bursting of
pipes, overwhelmed channels and
blocked drains. Further, erosion and
sediment deposition can result in
siltation and decreased capacity of
the stormwater system (Plate 2.4).
The major stormwater drainage lines
at risk within the study area are the

Elwood Canal and the Shakespeare
Grove drainage line.

Stormwater Management

An increase in the amount of
stormwater will increase the
requirement for stormwater
management. The potential increased
flows and water quality concerns
associated with climate change will
necessitate the implementation of
best practice stormwater management
practices. Best practice management
can protect stormwater infrastructure
by diverting and calming peak flows,
and can improve water quality by
providing natural buffers and filtration
systems.

Stormwater Quality

Intense rainfall can result in water
quality concerns by creating a flush
event. After a dry period, intense
rainfall will wash all pollutants into

the waterways at one time. This is
evidenced by the following statement
from the EPA Victoria 2005-06 Beach
Report, “There is a strong relationship



between rainfall and deterioration in
beach water quality. When rain enters
the stormwater system it can wash
pollutants into the nearest waterway
and onto the local beach.”

Stormwater quality can also be
affected by overflow of sewerage
systems, which may occur during
extreme rainfall events. Raw sewage
can result in nutrient loading and
contamination of water resources

by bacterial agents, such as E. coli.
Stormwater pollution can further
contaminate soils and deposit litter
and rubbish on beaches or anywhere
along the drainage path. Intense
rainfall can also result in significant
erosion and subsequent sediment
transport, which can further deteriorate
water quality.

As addressed in sections below,
climate change can further exacerbate
water quality concerns via potential
increased moblilisation of pollutants
due to higher temperatures and
decreased overall dilution resulting
from less annual rainfall.

Other impacts of intense stormwater
runoff include erosion and subsequent
infrastructure instability (i.e. road

and building damage). The area of
reclaimed land around the Elwood
Canal is most at risk from erosion and
infrastructure damage.

FLOODING

WODERATE g

N

Accumulation of stormwater and
flooding occurs when the drainage
infrastructure is unable to cope

with runoff. This inability to cope

can be due to failure or blockage of
infrastructure or simply that the storm
event is greater than the design storm
event. The magnitude of stormwater
flooding results from several
conditions:

1. Degree of permeability of surfaces;

Plate 2.4 Sediment deposition in the Elwood Canal.

2. Fully-functioning stormwater drains;
and the

3. Intensity and duration of rainfall.

The risks associated with stormwater
flooding, as identified during the risk
assessment are listed in Table 2.4.

Flooding of Buildings and Homes

There are approximately 4000
residential zoned properties within the
existing 100 year ARI flood extents (for
waterways and underground drains),
and 600 residential zoned properties
at a low elevation immediately
adjacent to the existing 100-year ARI
extent, These properties are classified
as at very high risk from future flood
events (Figure 2.5).

Of the properties that were classified
as part of the risk assessment,
approximately 43% were classified as
very high risk; 41% as high risk; 10%
as medium risk and 6% as low risk
for impact under future 1 in 100 year
events (Box 5, Figure 2.5).

The following locations were among

those classified as ‘very high risk’:

» Tourist areas of Luna Park and
Acland St.

» Low-lying residential properties
near the Elwood Canal;

» Along the Shakespeare Grove
drainage line.

Vulnerable areas were determined

by modeling based on current 1 in

100 year storm event flood data.
Properties within the 100-year storm
flood area are likely to flood more
often under climate change conditions.
Vulnerability of properties outside of
the current 100-year flood area was
assessed based on proximity to flood
areas and topography.

As mentioned in the previous

section, stormwater flooding can be
exacerbated by coastal inundation
resulting from storm surge events
caused by strong Westerlies, which
are known to sometimes occur after
intense rain events. Figure 2.6 is a
map showing the extent of stormwater
flooding together with storm surge

(U8
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inundation. Some areas are
highlighted as being at high risk from

the cumulative impacts of waterway,

underground drain and coastal
flooding.

Flooding of Roads

Roads are susceptible to flooding
because they are often designed

to contain and channel overflow
from drainage lines (during extreme
ARIs). Road flooding can impede
the Council’s ability to appropriately
respond to emergencies, and can
therefore exacerbate other risks
associated with flooding. For
example, flooding can prevent
emergency services from accessing
some areas. Flooding of key nodes

(such as St. Kilda Junction, a primary

entry point to the municipality) may
prevent people from getting to work,
which could be of particular concern
for emergency and medical service
providers. Statistics indicate that

approximately 70% of the people who

work in the City of Port Phillip live

outside of the municipality (Port Phillip,

2001).

Cumulative flooding is also likely to
affect transportation infrastructure

(Figure 2.6). Based on the mapping
undertaken for this study, roads and
intersections at high risk of flooding

from the cumulative impact of tidal and

stormwater flood include:

» Neville St and »
Richardson St

Cowper St

» Cowderoy St » Spenser St

» York St » Blessington St
» Deakin St » Baker St

» Park Lane » Dickens St

» Loch St » Hood St

» Canterbury » Roads near to

Lane Elwood Canal
» Shakespeare » Tram routes
Grove 12 and 96

MANAGEMENT AND MITIGATION
MEASURES

To improve the Council’s ability to

cope with extreme rainfall events, the
following management and mitigation
strategies will need to be considered.

1. Review design standard Annual
Recurrence Intervals (ARIs) and
update as necessary.

2. Develop a list of indicators
for stormwater management,
including:

a. Pervious : Impervious Ratio;
b. Storm damage costs;
c. Stormwater flows; and

d. Number of developments in
flood areas.

3. In consultation with neighbouring
councils, EPA Victoria, Melbourne
Water and other statutory and
regulatory bodies as appropriate,

Table 2.4 Major risks associated with flooding.

Code

Mode of Impact

IR1 homes

IR6 Flooding of roads

Flooding of buildings and

Pressure on emergency

Risk Score

2020 2050 2100

IR20 . 16

services
Flooding IR2 Increase v'vater damage from 12

roof leaks; etc.

IR4 Stress on building materials 12

IR3 Increased mould growth 12 12 12
lliness (i.e. ‘sick building

IR18  syndrome’) resulting from 5 5 5

mould growth
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develop an Integrated Stormwater
Management Plan. This

plan should follow the ‘Urban
Stormwater Best Practice
Environmental Management
Guidelines’ (CSIRO, 1999), and
should include:

a. ldentification of pollutant
sources;

b. Actions to reduce pollution at
the sources;

c. Risk assessment prioritizing
potential issues;

d. Actions to manage and mitigate
these risks;

e. Pervious vs. Impervious Ratio
for the catchment;

f. Management of riparian
vegetation in the catchment;

g. ldentification of areas where
Best Practice stormwater
management has been
implemented (e.g. Howe
Parade) and identification
of priority areas for future
implementation;

h. Clear delineation of
responsibilities (both financial
and implementation) between
councils, agencies and water
authorities;

i. Quantifiable indicators and
continuous improvement

targets.

. Implement a stormwater

infrastructure preventative
maintenance program. Prioritise
infrastructure upgrades

and improvements starting

with infrastructure near key
infrastructure, at key nodes or in
areas most susceptible to flooding.

. Undertake remote sensing image

classification, using high-resolution
multi-spectral data, to calculate the
extent and location of impervious
and pervious surfaces for the City
of Port Phillip.



Refer to Figure 2.5 Drain and Waterway Storm Water Flood Risk
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Refer to Figure 2.6 Storm Surge and Stormwater Flood Risk Map
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Box 5. Flood Map — Property Flood Risk Classification

from the classification.

in this study.

Using the modeled 100 year ARI stormwater flood events, for both waterways (Elwood Canal) and underground drains (Shakespeare
Grove and Cowderoy Street main drains), the following method was applied using GIS, to determine the risk of flooding to properties
close to the extent of the 100 year flood events.

1. Buffer polygons at 10 m intervals (up to 100 m) were created around the 100 year flood extents, and property parcels
assigned a proximity ranking (1-10), determined by where the centre of each property parcel was located. All properties
intersected by the 100 year flood extents were assumed to be already at risk from flooding and were therefore excluded

2. Next, 1m contours were used to create a digital elevation model (DEM) of the study area. From this DEM, contours at
25cm intervals were interpolated and the property parcels assigned an elevation ranking, according to elevation. E.g.
Parcels whose centre’s were between 0-25cm elevation above the elevation of the extent of the 100 year flood, were given
an elevation rank of 1; 25-50cm, a rank 2, etc. up to 125 to 150cm rank 6.

3. Proximity ranking was then multiplied by the elevation ranking, to determine a flood risk rating, classified as either very
high (1-15), high (16-30), medium (31-45) or low (46-60).

4. Properties were mapped and coloured according to flood risk rating, to provide an indication of regions within the study
area whose properties are most at risk from a more severe 100 year flood event.

It should be noted that the map is indication of the probable areas at risk from storm water flooding, and the spatial methodology is
designed to show areas at risk based on elevation and proximity to existing modeled 100 year flood extents. When interpreting the
map, the following should be borne in mind:

» Overall accuracy of interpolated (less than 1m contours) is dependent on the input data representing the actual surface terrain of
the study area. Pervious surfaces; soil type; physical features (e.g. walls) etc. which will influence flooding, were not considered

» The modeling of land inundation extents does not take into account existing flood mitigation measures, nor the capacity of a
particular area to drain flood water away.

» The modeling does not take in account the duration of flooding, or that flooding will not occur uniformly across the study area.

2.3 OTHER EXTREME
WEATHER EVENTS

pODERATE

o,

In addition to intense rainfall, it is
likely that there will be an increased
frequency in other extreme weather
events, such as strong winds, hail
storms and lightning. These events,
referred to as small-scale severe
weather phenomena, have strong
regional and local variability.

Climate scenarios indicate that winds
are likely to intensify in coastal regions
of Victoria, particularly in winter as a
result of more intense low pressure
systems (DSE, 2004), and that low
pressure systems off the east coast of

Australia may become more frequent.

Studies have yet to conclusively
determine how climate change will
affect lightning and hail storm events
(IPCC 2001). Though future climate
conditions (changes in humidity,
strong updrafts, etc.) could increase
the frequency and magnitude of these
storm events, studies indicate that
these changes will be negligible (Niall
and Walsh, 2005).

The risk assessment identified two
significant risks associated strong
winds, general infrastructure and
energy infrastructure damage. No
major risks were identified for hail and
lightning storm events.

STRONG WINDS

Changes in atmospheric and surface
temperatures can affect pressure
systems resulting in increasing wind
speeds. Strong winds are often
associated with intense rainfall events
and storm surge, and can therefore
exacerbate the impacts of these two

events. The risks associated with
strong winds, as identified during the
risk assessment are listed in Table 2.5.

In addition to exacerbating waves and
storm surge, high winds can:

» Damage roofs and structures
— corrugated iron roofs and fences
are particularly susceptible to wind
damage;

» Bring down trees and branches,
which in turn can damage buildings
and power lines, and block
roadways. (Plate 2.5).

Studies indicate that a 25% increase
in peak gust can cause a 650%
increase in building damages (AGO
2006). Areview of the study area
identified a number of properties that
may be susceptible to wind damage,
particularly those along the coastline
(Plates 2.6 and 2.7). Wind gusts
during the February 2005 storms
reached 104 km/h and resulted in
$300,000 worth of damage to trees
and over 12,000 reported cases of
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building damage (Port Phillip Council,
2005).

Light poles, utility poles and wires are
also susceptible to wind damage both
directly and indirectly from falling trees
/ tree branches. Replacement of light
poles cost approximately $10,000
after the Feb. 2005 storm (Port Phillip
Council, 2005).

Trees are vulnerable in two different
ways — lone trees are susceptible
because they are not sheltered from
the wind by other trees; and groups of
trees, can produce a domino affect if
one tree falls. Within the case study
area, only a few lone trees were noted
(most notably a rare pine tree in front
of the St. Kilda Town Hall), and the
bigger risk would appear to be the
domino affect of multiple falling trees.

HAIL STORMS AND LIGHTNING

Though Melbourne is less affected

by hails and lightning than Sydney
and other cities in Australia, climate
change may increase the possibility of
these events.

Most of the risks associated with hail
and lightning received a relatively low
overall risk score. Risks associated
with hail storms received relatively low
risks because even with increased
frequency of these storms, the
likelihood of hail stones large enough
to cause significant damage is low
(at least in the short-term). Lightning
risks received a low risk score
because although the consequence

of a lightning strike can be significant,
the likelihood of a strike, even during
a lightning storm, is low. Furthermore,
a lightning strike generally only affects
an isolated area.

The primary risks associated

with hail and lightning that were
identified during the risk matrix
include disruption of energy and
communication services, pressure on
emergency services and building and
infrastructure damage (Table 2.6).

Hail Storms

Hail forms as rain drops that are
carried upward within a cloud until
some of them turn to ice. The size
of the hail stone is dependent upon
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Mode of

Code
Impact

Table 2.5 Major risks associated with infrastructure damage.

Impact

Risk Score

2020 2050 2100

w4 General infrastructure damage
W3 Energy infrastructure damage - -
Indirect roof and building damage
W2 . - L2 16
(i.e. trees falling on buildings)
Strong W7 anreased maintenance and clean- 12 12 12
Winds P
W1 Direct roof and building damage 8 12 16
W5 Tree damage (including Heritage 8 8 10
Trees)
W6 Increased demand for emergency 4 6 8

services

Plate 2.5 Tree felled by wind during a storm in February 2005. [Source:

The Age, Readers’ Picture Gallery, February 2005]

the strength of the updraft within the
cloud and the number of times a hail
stone circulates through the cloud.

As a hail stone forms, it gets heavier,
and hence drops through the cloud. A
strong updraft can catch the droplet
and cycle it upwards again allowing
another layer of ice to form. This will
continue until the hail stone is heavy
enough to escape the updraft.

Although Melbourne is considered a
low risk city for hail storms, climate
change could alter the conditions

so that they are more favorable to
hail storms. A review of the possible
increasing frequency of hail storms
that was undertaken for agricultural
purposes, however, indicated that

there is not likely to be any change
in the frequency of hail storm events
(Niall and Walsh, 2005).

Melbourne has experienced hail
storms in the past, though not to the
extent of storms witnessed in Sydney.
As one example, the BOM (Bureau
of Meteorology) recorded a hail storm
in Kew, Victoria in 2004. Affects
associated with hail storms include
roof damage, vehicle damage and an
increased number of road accidents.
Slate roof tiles are particularly
vulnerable to hail.

Lightning
Lightning is an electrical discharge
which can occur during storm events



Table 2.6 Risks associated with hail storms

Mode of

Code
Impact

H1 Building and roof damage

Hail
H2

Disruption in energy and
L1 communication services /

blackouts

Lightning L3 i
services

L2 Building damage

L4 Tree damage

Fl H‘

el -_4.'-

mal

Impact

Increased human injury and
demand for emergency services

Pressure on emergency

Risk Score

2020

3
2

2050

2100

?ﬁ

Plate 2.6 An apartment building that may be susceptible to wind damage.

as the result of a build up of charge
within a cloud. Lightning tends to
occur more often during the summer
when the weather is warmer and
there is more moisture in the air.
Predictions indicate that climate
change will create weather conditions
that are favourable to the generation
of lightning.

Lightning can damage electricity
distribution networks, and therefore
disrupt energy supply. It can further
interfere with communication signals
causing static on radios, televisions
and over telephone lines.

Direct lightning strikes can damage
roofs, buildings and trees, and
possibly start fires. Tree damage
can indirectly affect roads, buildings
and energy infrastructure. Health
and safety concerns are associated
with infrastructure damage and direct
lightning strikes.

MANAGEMENT AND MITIGATION
MEASURES

To manage or mitigate the potential
risks associated with infrastructure
and building damage, the following
actions are recommended:

1. Use the Bureau of Meteorology’s
“Victorian Weather and Warnings’
page (http://www.bom.gov.au/
weather/vic/) to identify strong
wind warnings. Issue warnings to
the community within 24 hours, if
possible.

2. Routine monitoring and
maintenance of council buildings,
council owned energy infrastructure
and trees along the roads (i.e.
remove dead branches).

3. Warn residents to maintain and
secure corrugated iron roofs,
fences and other structures.

4. Review the vulnerability of sensitive
infrastructure, and upgrade existing
infrastructure (e.g. roof material) if
applicable. Incorporate improved
roof design considerations in the
STEPS program.

2.4 TEMPERATURE CHANGE

Climate change is likely to result in
higher annual mean temperatures.
Higher mean temperatures can
exacerbate the frequency and
magnitude of extreme heat events,
such as extreme daily maximum
temperatures and heat waves. The
likely result is more days over 35°C
than previously, and fewer days below
0°C. ltis also possible that climate
change will result in sudden cold
snaps where the temperature can
plunge several degrees in a short-
period of time.

The best available predictions for Port
Phillip indicate that increase in mean
temperature could be:

» 0.5°C by 2020;
» 1.5°C by 2050; and
» 2.5°C by 2100 (Howe et al. 2005).

It is further predicted that the number
of days over 35°C in Melbourne will
increase from 9 days to 11 days per
year by 2020, to 16 days by 2050 and
possibly as high as 40 days by 2100
(Victoria DSE, 2006). Predictions
further indicate that the number of
frost days will decrease over time.
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Higher mean temperatures are also
associated with higher evaporation
rates and increased humidity.

Figure 2.7 shows four maps of the
Port Phillip region indicating the
change in the number of days per year
above 35°C. These maps are based
on average number of days currently
above 35 °C, and the projections for
2020, 2050 and 2100 (refer to Box 6).

The risk assessment identified one
major risk associated with temperature
change — the increase in heat-

related illnesses among vulnerable
populations. A number of risks were
identified as discussed in the sections
below.

Itis also likely that Port Phillip will
experience some benefit from
increased mean temperatures,
particularly from increases in tourist
activity and tourism generated
revenue.

EXTREME DAILY TEMPERATURE

\ADDERATE
i,

The major risks associated with
extreme daily temperature, as
identified during the risk assessment
are listed in Table 2.7.

Heat-related lliness

The most significant risks related

to extreme daily temperature are
associated with health concerns
and associated pressure on
emergency and medical services.
Heat-related ilinesses include heat
stress, heat stroke, heat exhaustion
and dehydration. Heat can also
exacerbate existing respiratory and
cardiac, among other, conditions.

Extreme hot days may result in heat-
related deaths and iliness, to which
vulnerable populations are more
susceptible, such as people over 75
years of age, disabled people, bed-
bound people, people on certain types
of medication, and children under 4
years of age, are more susceptible
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damage.

‘q

Plate 2.7. Structure at St Kilda Marina potentially susceptible to wind

- e e

Plate 2.8. Lightning hitting 120 Collins St Melbourne, October 1994.

BOM, http://www.bom.gov.au/weather/vic/sevwx/

(UK Dept. of Health).

Statistics show that almost 20% (over
13,000 people) of the population of
Port Phillip is over the age of 60 with
approximately 5% over the age of

80 (Port Phillip, 2001). Port Phillip
Council provides ‘Aged Care’ services
to a number of elderly residents.
‘Aged Care’ and other council services
may need to be expanded to include

prevention of heat-related ilinesses.

Water Demand

Extremely hot days are likely to result
in sharp increases of water demand.
Increased demand can be related to
an increase in residents’ daily use,
hospital water use due to an increase
in the number of patients, gardening
and public area maintenance

etc. Increased demand for water



Mode of
Impact

Table 2.7 Major risks associated with extreme daily temperature.

Increased illness in vulnerable populations (i.e. elderly, children, homeless

Risk Score

2020 2050 2100

ET13 people and people with existing illness)
ET12 Heat-related illness
ET5  Decreased number of tourists at outdoor venues 12
ET6  Decreased attendance at festivals and outdoor events, etc. 12
ET1 Increase fire risk 10
Extreme High )
Temperatures ET2 Increase in peak energy demand 9
(>35°C) ET4  Road pavement buckling and road material degradation 9
ET7  Increase tourism at indoor centres 9
ET8 Increase water use / demand 9
ET16 Pressure on emergency services 9
ET3  Stress on building materials 6
ET10 Change in animal activity 4
ET11  Decreased survival of heat sensitive / water intensive plant species 4
Extreme High ET14 Closure of offices on hot days / people staying home 4
Temperatures
(>35°C) ET9 Increase evaporation and water loss 3
ET15 Closure of schools on extremely hot days 2
cs5 _Inqeased illness in vulnerable populations (i.e. elderly, homeless and mentally 8 8 8
infirm)
CS3 Damage to roads and bridges 6 6 6
Cold snap CS2 Damage to building materials 4 4 4
CS4  Increased road accidents 4 4 4
CS6 Decreased survival of cold-sensitive plant species 4 8 12
CS1  Increased peak energy demand for heating 3 6 9

Box 6. Methodology for mapping extreme heat projections

and 2100.

BOM climate stations were plotted across the north and eastern side of Port Phillip Bay. Using GIS, a Local polynomial interpolation
was applied to climate station data for the average number of days per year above 35°C (BOM averages were calculated from
data collection periods ranging from between 35 and 100 years up to 2004), to create a surface gradient showing number of days
above 35°C per year across the entire region. Using the best available projections for increase in the number of days per year
above 35°C for the short, medium and long term across the Port Phillip region, a percentage increase in the number of days was
applied to the original climate station data averages (22%, 78% and 340% for the short, medium and long term respectively). Finally,
the Local polynomial interpolation method was reapplied to the climate station data to create “temperature” surfaces for 2020, 2050

resources will provide additional stress
on the water supply systems. Water
demands and pressure on the water
systems are more fully discussed in
the next chapter.

Energy Demand

Peak energy demand is closely
associated with temperature extremes
(either hot or cold). Higher mean
temperatures result in increased

energy consumption due to greater
building cooling requirements.

This could be further exacerbated
by increased humidity, which can
decrease the efficiency of cooling
systems.

Peak demands in excess of peak
supply potential could result in system
failures. Loss of power will result in
the failure of air conditioning and air

circulation systems, which will further
exacerbate the occurrence of heat-
related illnesses.

Increases in peak energy demand

is also likely to financially affect

Port Phillip Council, as the state
government has indicated that it
intends to introduce ‘smart meters,’
which will allow peak demand kilowatt
hours to be priced at a higher rate.

D
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Infrastructure Risks

Extreme heat can affect road
materials and undermine the
stability of roads, and can lead to
drying out and cracking of building
materials. Road damage can occur
as a result of bitumen melting or
concrete expanding and cracking.
As these impacts are more closely
linked to persistent increased mean
temperatures, they are more fully
discussed in a later section.

Extremely hot days can also increase
the risk of spontaneous combustion
of flammable materials, which,
compounded with dry weather, can
lead to increased fire risk. Fire risk is
discussed in more detail in the section
below.

HEAT WAVES
WODERATE

My

A heat wave is a prolonged period of
extreme hot weather — the parameters
of what constitutes ‘extreme hot’ can
vary in relation to usual temperatures
in a given area. Heat waves are often
accompanied by high humidity.

Increased mean temperatures
resulting from climate change are
likely to increase the frequency and
duration of heat waves in Victoria.

The major risks associated with heat
waves, as identified during the risk
assessment are listed in Table 2.8.

Heat-Related lliness

The primary risk associated with heat
waves is the potential increase in the
incidence of heat-related illnesses. In
Australia, heat waves have caused
more deaths than any other natural
hazard (except disease) in the 20th
Century (Coates 1996). Vulnerable
populations, as identified in the
previous section, are particularly
susceptible to illness relating to heat
waves. For example, during a heat
wave in France in August 2003, there
was a 70% increase in mortality rate
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for people above 75 years of age. The
general population is also at risk from
heat-related illnesses associated with
heat waves. This may increase the
pressure on emergency and medical
services.

Fire Risk

The potential increase in fires is the
result of a combination of climate
variables — high temperatures, low
precipitation, lower relative humidity
and increased wind speed. When
heat waves follow dry weather
conditions, there is a significant risk of
fire. For example, the ‘Black Friday’
fires that broke out in Victoria in 1939
occurred during a heat wave following
a prolonged drought.

Studies indicate that climate change
is likely to increase both fire frequency
and severity (Hennessy et al. 2005).
The risk of a forest fire is commonly
assessed in Australia using the
‘McArthur Mark 5 Forest Fire Danger
Index (FFDI).” The calculated FFDI
depends on: relative humidity, air
temperature, average wind-speed

10 metres above the ground and a
drought factor (usually determined by
the number of days since last rain).
Though fire is also more likely to be a
risk in suburban and regional areas,
the City of Port Phillip, an intensely
urbanized municipality, may still be
at risk of fires under certain climate
conditions.

The current average annual FFDI in
Melbourne is 2121, and modeling
indicates that under a climate change
scenario, this figure will change by
between 3% and 8% in 2020 and
between 8% and 21% in 2050. The
most significant change, however,

is likely to be the increase in ‘fire
danger season,’ which, in Melbourne,
currently extends from mid-December
to mid-March, but is likely to extend
from early November to late April by
2050 (Hennessy et al. 2005).

For Port Phillip Council, the areas
most at risk of fire are areas in close
proximity to vegetated areas. Timber
structures are also susceptible to fire
risks.

Tourism

Heat waves will also impact tourist
activities in that the number of people
engaging in outdoor activities will
decrease, while indoor activities
(particularly in air conditioned indoor
venues such as shopping centres and
cinemas) will experience an increase.
. Currently, tourist activities in the City
of Port Phillip are focused primarily on
outdoor venues, such as the beaches
and gardens, and as a result, Port
Phillip may experience a decrease

in tourist numbers, and subsequent
decrease in tourist generated revenue,
during heat waves. Festivals and
outdoor events, such as the St. Kilda
Festival, may also suffer a decrease in
attendance.

Further impacts associated with

tourism could be increased demand
for emergency and medical services
from tourists in the area, particularly
during festivals and outdoor events.

Energy and Water Demand

Historical evidence suggests that
water consumption increases
dramatically during heat waves
(EMA, 2006). As heat waves often
accompany dry weather, this can
exacerbate already stressed water
supply systems.

As mentioned previously, increased
use of air conditioners can increase
peak electricity demands during
extremely hot weather and heat
waves. Prolonged heat, and hence
prolonged peak energy use can
increase the risk of power failure.
Again, this is also likely to financially
affect Port Phillip Council.

Criminal Behaviour

The link between heat waves

and increased crime rates is well
documented. Several studies have
also found a link between high
temperatures and aggressive human
behaviour (Jacob et al. 2004). Crime
rates in the Port Phillip area may be
affected by an increased frequency
and duration of heat waves.



INSERT FIG 2.7 temperature map here
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Table 2.8 Major risks associated with heat wave

Mode of Risk Score
Impact 2020 2050 2100
Increased iliness in vulnerable populations (i.e. elderly, children, and
HW5 X o
people with existing illness)
HW4 Increase in heat related illnesses 16 --
HW10 Increase fire risk 12 15
HWA1 Decrease in outdoor tourist activity 12 16
Heat wave HW9 Increased water demand 12 16
HW8 Increased peak energy demand 12 16
HW2 Decreased attendance at festivals and outdoor events; etc. 9 12
HW7 Pressure on emergency services 9 16 20
HW6 Increase in certain types of criminal activity 8 12 16
HW3 Increase tourism at indoor centres 6 8 10

INCREASED MEAN TEMPERATURE

o,

WMODERATE

Though the predicted increase in
mean temperature (0.5°C by 2020
and 1.5°C by 2050) may seem
insignificant, the BOM suggests that
a 1°C increase in mean temperatures
is equivalent to towns in southern
Australia shifting northward by about
100km (BOM, 2006).

The risk assessment identified twenty
risks associated with increased mean
temperature (Table 2.9). Of these,
none are considered major risks (i.e.
with a score of over 20).

Tourism

The primary impact of increased mean
temperatures is beneficial — increased
attendance at festivals and outdoor
events and an increased number of
people visiting beaches and outdoor
tourist venues.

The flip side of an increase in tourism
includes an increased requirement
for waste management (litter on the
beach and in recreational areas)

and a possible increase demand for
emergency services.

Water Resources and Energy
Demand

Water use and energy demand both
tend to increase as temperature
increases. As these were both
discussed in previous sections, the
discussion will not be repeated here.

Warmer winters and the associated
lower heating requirements will
somewhat offset this energy use,

but it is likely that the increased
cooling requirements will be more
significant than the decreased heating
requirements.

Higher temperatures can exacerbate
some water quality issues. Generally,
a rise in temperature will increase the
reactivity of some compounds and can
facilitate chemical reactions, which
can result in increased mobilization

of pollutants. Combined with intense
rainfall events and general low water
levels, high temperatures could
exacerbate water quality concerns.

Damage to the Built Environment

From a built environment perspective,
higher mean temperatures can result
in damage to building materials

(i.e. warping, cracking) from heat
expansion and moisture loss (Table
2.10). Evidence suggests that

clay and timber materials are most

susceptible to damage. Building
foundations may also be affected as a
result of drying and wetting conditions
of soils. In Port Phillip, the area
around the Elwood Canal, which is
largely reclaimed land, is susceptible
to settling and foundation damage.

Heat can lead to melting of bitumen
and cracking of concrete resulting in
potential damage to road networks.
As a result, there could be increased
road maintenance requirements, more
traffic accidents and road closures
leading to traffic disruption.

POTENTIAL MANAGEMENT AND
MITIGATION MEASURES

To manage or mitigate the
potential risks associated with
temperature change, the following
recommendations have been
considered:

1. Develop a ‘Heat-Health Alert
System,’” including establishing
mobile water distribution units
and shelters; during festivals,
ensure sufficient shaded areas
and water stations, as well as
sufficient emergency resources.
Also include notification of social
services associated with vulnerable
populations (i.e. aged care
services).

2. Continuously improve the existing
Water Conservation Strategy for
the council and all areas owned by
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Table 2.9 Major risks associated with increased mean temperature.

encourage the sale of products with

Mode of Risk Score
Impact Eode
P 2020 2050 2100
MT9 Increased attendance at festivals and outdoor events; etc. 12 12 15
MT8 Increased number of people visiting beaches and tourist areas 12 12
MT12 Loss of sensitive species and / or species of conservation significance 12 16
MT16 Increased heat-related illness 12 16
MT6  Increased water use / demand 9 16
MT13 Habitat and food resource loss 9 12 16
MT4  Increased insect pest problems 6 9 12
MT5  Road pavement buckling and road material degradation 6 8 15
MT10 Decreased survival of heat sensitive / water intensive plant species 6 9 16
Increased MT18 Pressure on emergency services 6 8 16
Mean MT1  Stress on building materials 4 6 8
Temperatures
MT2  Thermal comfort of buildings and increased energy use (summer) 4 9 16
MT11 !ncrease weed and invasive plant growth and pest species (rodents and 4 5 5
insects)
MT14 Change in animal breeding patterns 4 12 16
MT15 Change in animal activity 4 6 12
MT19 Increase street cleaning / beach cleaning requirements 4 6 8
MT20 Increas_e maintenance of recreational areas (i.e. ovals; pitches; bowling 4 6 8
greens; etc.)
MT3  Decreased energy use (winter) 3 4 5
MT7  Increased evapotranspiration 3 8 12
MT21 Increased use of parks and recreation areas 3 8 8
MT17  Increased spread of infectious disease 2 6 9
the council. recreation and public areas; Coordinate with SES to develop

a management strategy for major

3. Provide public exhibition / minimal packaging in recreation power outages. Strategy should
education about water use areas; Enforce fines to discourage include: ensuring generators /
efficiency. littering; ensure that budget and power connection for medical

4. Plant native, heat-resistant / ?uman regc;ur::hes aclj'g_?vaillable Le}cilit:e;s;f?rovi(jir;g stre?t police to
drought-resistant plants. o respond to the additiona irect traffic at intersections.

maintenance requirements. e
5. Maintain and improve tree cover to o , - Include C')lhmate Change, ,
; : o 7. Ensure communication with Vulnerability Assessment’ into the
improve natural cooling of buildings )
the Emergency Services (SES) STEPS program.
and homes. . X
regarding potential Health . )
6. Ensure sufficient rubbish and Emergencies. 10.1f possible upgrade Council owned

recycling bins available in public
areas; Increase frequency of
rubbish / recycling pick up from
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o

. Work with SES to ensure sufficient

Emergency Response resources;

buildings to a more energy efficient
air conditioning / circulation system.



11.Develop a monitoring plan to
assess road networks; Budget
accordingly for potential increased
road maintenance requirements.

12.Prepare a management plan for
sensitive species; Factor climate
change into criteria for designation
of species or ecosystems requiring
increased protection.

2.5 PRECIPITATION AND
EVAPORATION

Though global and Australia-wide
predictions indicate an overall
increase in precipitation, regional
predictions for Victoria indicate a
decrease in precipitation per degree of
climate warming. Predictions of future
average rainfall across the City of Port
Phillip include:

» 2% decrease by 2020;
» 4% decrease by 2050; and
» 15% decrease by 2100.

In addition to decreases in annual
average precipitation, studies

show that climate change is likely
increase the frequency and duration
of droughts. For example, extreme
dry conditions that currently occur
approximately once every four years
are likely to occur once every 3 years
in the next 20 years (DSE, 2004).

While precipitation rates are
decreasing, it is likely that mean
potential evaporation rates will
increase. It is predicted that a 3%
increase in mean evaporation in
Melbourne is likely by 2020 (Howe et
al. 2005). Longer term predictions
include between a 5% and 7%
increase (AGO and CSIRO, 2006).

The risks resulting from a decrease
mean precipitation and an increase
in mean potential evaporation are
discussed in the sections below.

DECREASED MEAN PRECIPITATION

Table 2.10. Susceptibility of different building materials to changes in

temperature and humidity.

Building Material Vulnerable To

Consequences

Cracking, swelling,
warping and rotting.

Changes in humidity and

Timber
temperature. . I
Increasing susceptibility
to fire.
Rapid decrease in
temperature (i.e. cold snaps) .
Concrete and decreased humidity (i.e. Cracking.
dry conditions).
Cla Changes in humidity and Cracking, crumbling and
y temperature. swelling.
High temperatures and Cracking.

Lime mortar and
stone materials
(eg. Limestone)

High temperatures.

Building fabrics
(eg. Plastics)

radiation.
Polymerlc High temperatures and
materials (used .
) increased exposure to UV
for roofing L
radiation.
membranes)

Reference: EPSRC and UKCIP 2003.

i

WMOERATE

Melbourne is currently experiencing
a severe drought. October 2006 was
a month of record low rainfall and
stream flows and in November rainfall
in Melbourne’s four major water
catchments was between 62% and
70% below the long-term average.
(Melbourne Water, 2006). Studies
indicate that these conditions will
persist and become more frequent as
a result of climate change.

The risks associated with water
shortage, as identified during the risk
assessment are listed in Table 2.11.

Water Quantity and Quality

To increased ultra-violet

decreased humidity.

Decrease in the pH of
rain water due to elevated
carbon dioxide levels.

Surface damage due to
acid dissolution.

Warping.

Degradation, decrease
in the service life.

Degradation, decrease
in the service life.

A decrease in precipitation is directly
related to a reduction in the availability
of water resources and lower stream
flows. For example, following an
unusually dry winter, Melbourne’s
water storages in November 2006
were at 43.4% full, while at the same
time in 2005, the same storages
were at 60.3% capacity. Melbourne’s
stream flows are currently the lowest
on record, ranging from 77% to

96% below the long-term average
(Melbourne Water, 2006).

As discussed in the previous chapter,
the increased water demands
resulting from hot, dry weather will
further impact the availability of water
resources. Port Phillip Council may
face unprecedented water shortages
and subsequent water restrictions.

Water quality can also be affected
by decreased precipitation. As
Melbourne Water stated in its
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Climate Change Study, negative
water quality impacts in Port Phillip
Bay are possibly due to increased
concentration of pollutants entering
Bay and higher ambient Bay water
temperatures (Howe et al. 2005).
Decrease stream flow can result in
less dilution of contaminants and
an overall deterioration in water
quality. Water quality issues may

also increase the cost of water due to

increased treatment requirements.

Biodiversity

Changes in precipitation will affect
the natural environment. Decreased
water availability will significantly

impact on both vegetation and wildlife.

Water intensive plant species,
particularly European species, may
have difficulty surviving through
frequent and intense droughts.
Even native plant species may have
difficulty surviving or may decrease
their foliage to conserve water.

This could have potential knock-on
microclimatic impacts — less shade
can result in a heat island effect (i.e.
increase in local temperatures).

Furthermore, as the outflow of
freshwater decreases, saline water
will be able to move further inland
and the salinity levels of estuarine
environments can change. Wetlands
could be lost and some estuarine
species that rely on relatively stable
salinity levels could be affected.

INCREASED MEAN EVAPORATION

WODERATE
g,

Evaporation refers to all evaporation
from the land surface, including open
water, soil, shallow groundwater,

and water stored on vegetation.
Evaporation rates are primarily
driven with climate, but can also be
affected by water availability and
characteristics of vegetation and soil
(IPCC, 2001). Climate change could
impact all of these drivers.
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Table 2.11 Major risks associated with water shortage.

Mode of

Code
Impact

Risk Score

2020 2050 2100

MR3 Decreased availability of water ---
resources
MR4 Decreased stream flow - - -
MR2 Increased water demand - - -
MR6 pecregse surv.lval of water 16 16 -
intensive species
MR5 Decreased water quality 9 12 15
Decreased
Mean MR7 Salt water incursion into 9 12 12
Precipitation wetlands
Loss of sensitive species and
MR8 / or species of conservation 9 12 15
significance
MR Moisture strgsg and othgr 8 6 8
stress on building materials
Increased maintenance of
MR10  recreational areas (i.e. ovals; 6 9 12

pitches; bowling greens; etc.)

The risks associated with increased
evaporation rates are listed in Table
2.12.

Infrastructure Damage and Thermal
Comfort

Moisture loss from building materials
can lead to cracking and warping.
Timber structures are particularly
vulnerable to changes in humidity. As
mentioned in the previous section,
the drying and wetting of soils, which
is closely related to evaporation,

can result in ground subsidence and
subsequent instability of building
foundations.

Humidity can also affect the efficiency
of ventilation and air conditioning
systems resulting in decreased
thermal comfort and overall increased
energy use.

The remaining risks associated with
evaporative loss, i.e. decrease in
water resources and impacts on
wildlife, were covered in the previous
section. Change in evaporation is
likely to exacerbate the impacts of
decreased mean precipitation.

POTENTIAL MANAGEMENT AND
MITIGATION MEASURES

To manage or mitigate the potential
risks associated with decreased

precipitation, the following
recommendations have been
considered:

1. Where possible, plant native,
drought-resistant plants.

2. Continue to improve Water
Conservation initiatives.

3. Increase natural shade (tree
cover) to decrease evaporative
losses.

4. In cooperation with EPA, routinely
monitor water quality in Port
Phillip Bay and issue water quality
warnings if necessary.



Table 2.12 Risks of Increased Evaporation

Increased
Evaporation
Rate

EV4

EV5

EV2

EV3

EV1

EV6

EV7

Increased humidity and moisture
stress

Thermal comfort of buildings and
increased energy use (summer)

Decreased runoff and stream flow

Increased water use / demand for
gardens / recreation areas

Decrease availability of water
resources

Decreased survival of water
intensive species

Increased maintenance of
recreational areas (i.e. ovals;
pitches; bowling greens; etc.)

2020

12

12

Risk Score
2050 2100

16

16

12 15
- |
9 12

9 12

9 12
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3. CONCLUSIONS

The climate change risk assessment
undertaken for the St. Kilda Study
area systematically identified the
potential risks associated with
changes to a range of climate
variables, and the previous chapter
provided a detailed look at these
climate variables and associated
risks. This section summarises

the results of the risk assessment,
focusing mainly on significant risks.
Key recommendations are also
summarised in this section.

3.1 SIGNIFICANT RISKS

The “risk” of a particular occurrence
is determined by assessing the
likelihood of that event happening,
and the severity of consequence
should it occur. For the NATCLIM
risk assessment, each potential
climate change risk was given a
score for likelihood (1 —5) and a
score for consequence (1 —5). The
criteria used to assign these scores
are provided in Chapter 1. Based
on these scores, the risks were

then placed within a risk matrix with
likelihood on the vertical axis and
consequence on the horizontal axis
(Figures 3.1-3.3). Significant risks
were considered to be those in the
‘red zone’, with risk scores of greater
than 20. Significant risks include
those that were assessed as having:

» An extreme consequence and an
expected likelihood;

» An extreme consequence and a
high likelihood; and,

» A high consequence and an
expected likelihood.

The assessment was taken for three
different time horizons (2020, 2050
and 2100) to give an indication of
short and longer term risks. Also, for
planning purposes, the three horizons
can be considered an indication of
low, mean and extreme projections for
the short-term — i.e. the 2020 scenario
represents a low estimate, the 2050

a medium estimate and the 2100 the

extreme estimate.

Both matrices and the climate ‘risk
meters’ illustrate the increase in risk
over time — primarily linked to the
increasing likelihood, but in some
cases also related to an increased
magnitude of consequence. Adaptive
capacity over time and implementation
of management and mitigation is not
considered — risk was assessed over
the three time horizons based on
existing conditions.

As a priority, it is recommended that
actions be implemented to manage,
mitigate and minimise significant risks
in the short-term.

3.2 RECOMMENDATIONS

The purpose of climate risk
management and mitigation measures
is to minimise identified risks by
decreasing their overall risk scores.
Therefore, measures are designed to
decrease the likelihood of a potential
risk occurring and / or to decrease the
magnitude of the consequence should
arisk occur. The key climate change
risk management measures that were
identified during the risk assessment
are summarized in the sections below.

CREATE A RISK ASSESSMENT TOOL
Recommendation 1

Using the NATCLIM risk assessment
framework, develop a dynamic risk
assessment tool that can be regularly
reviewed and updated to respond to
changing conditions and to gauge
the effectiveness of management
activities.

The risk assessment tool should
include indicators by which

Council can measure its progress
toward climate change adaptation.
Examples of possible indicators to be
incorporated include:

a. Pervious surface : Impervious
surface Ratio over the total
council area;

b. Number and severity of heat-
related health emergencies;

c. Storm damage costs;
d. Stormwater flows;

e. Percent shade cover in key
areas;

f. Number of developments in
flood risk areas (as identified by
the mapping undertaken in this
study);

g. Number of proposed
developments undertaking a
STEPS assessment.

Recommendation 2

Regularly review the future climate
scenarios presented in this study,
particularly after the release of the
Intergovernmental Panel on Climate
Change’s (IPCC) Fourth Assessment
Report (scheduled for release in
February 2007).

CREATE A PLANNING TOOL
Recommendation 3

Develop a planning tool to support
Council decision-making, initially by
adding to the existing STEPS process.

To ensure that climate change is
considered during the project design
and the planning approvals process,
the following can be added to the
STEPS process:

a. Include assessment of potential
flood and coastal inundation
risk;

b. In calculation of cooling system
energy use, consider potential
increases due to climate
change. Include natural cooling
mechanisms as an option (i.e.
design to enhance air flow and
circulation and natural shading).

c. In ‘Building Materials’ section,
include the impacts of climate
change into the score of
different types of materials (i.e.
corrugated iron roofs should
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receive a lower score due to
heat / cooling inefficiency and
potential wind damage.)

CREATE AN INFRASTRUCTURE
MANAGEMENT TOOL

Recommendation 4

Using the Risk Assessment

Tool, identify council assets and
infrastructure that are at risk. Prioritise
assets based on degree of risk,
monetary value and importance to

the Council and community. Protect
or retrofit assets / infrastructure
progressively, starting with those of
highest priority.

IMPROVE DATA & SYSTEMS
Recommendation 5

Undertake remote sensing image
classification, using high-resolution
multi-spectral data, to calculate the
extent and location of impervious and
pervious surfaces for the City of Port
Phillip.

This imagery can also be used to
classify the type of vegetation cover
(i.e. dense trees, grass etc.), which
can be used to assess heat island
affects and fire risk.

Recommendation 6

To accurately gauge potential coastal
inundation and beach erosion impacts,
acquire remote sensing (e.g. LIDAR)
data for the foreshore area.

Remote sensing data can also help
more accurately assess the potential
for stormwater flooding and buildings
at risk from increased wind speeds.

ADAPT COMMUNITY ENABLING/
EMERGENCY SERVICES

Recommendation 7

In cooperation with emergency service
providers and the State Emergency
Services (SES), develop maps which
identify roads susceptible to flooding,
the location of vulnerable populations
(i.e. elderly, homeless, mentally
challenged, etc.), and alternative
routes to reach these vulnerable
populations and other key areas in the
case of road closure. Also, identify
areas which may be difficult to access
in case of a flood emergency, and

if possible, establish an emergency
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service station within that area.

Recommendation 8

Develop a ‘Heat Health Alert System’
to be implemented on days when the
temperature is =2 35°C.

The Heath Health Alert System
should incorporate a media and
communication strategy, the
introduction of ‘heat relief stations’

in key tourist areas (i.e. stations
providing water, sunscreen and shade)
and notification of emergency service
providers and community service
providers, in particular, aged care
facilities, mental health facilities and
homeless shelters.

Recommendation 9

Ensure that Port Phillip Council has at
least one multi-use facility with a back-
up power source that can be used as
a medical clinic or shelter in case of
an emergency.

This facility should not be in a flood
risk area (as identified by mapping
undertaken for this study).

BUILD STAFF CAPACITY
Recommendation 10

Conduct a workshop with key
personnel from all major departments.

At the workshop, introduce the climate
change risk matrix, discuss the
possible impacts of climate change
and have each department identify
how these impacts are most likely
to affect them. Outcomes from the
workshop should include a list of
adaptation actions to be undertaken
by each department. These actions
should be consistent with the
Sustainable Environment Strategy.

ADVOCATE AT THE COMMUNITY,
STATE AND REGIONAL LEVEL

Recommendation 11

Undertake community education
initiatives (i.e. public meetings;
displays; information sheets; eftc.)

to highlight adaptation activities of
council and to ensure that community
members are aware of their role in
fulfilling these initiatives.

Recommendation 12
Advocate at the State and regional

level to implement recommendations
that are outside of the City of Port
Phillip’s jurisdictional responsibilities,
and therefore, will require cooperation
of external stakeholders.

COLLABORATE WITH EXTERNAL
STAKEHOLDERS

Recommendation 13

In consultation with neighbouring
councils, EPA Victoria, Melbourne
Water and other statutory and
regulatory bodies as appropriate,
develop an Integrated Stormwater
Management Plan.

The Integrated Stormwater
Management plan should follow the
‘Urban Stormwater Best Practice
Environmental Management
Guidelines’ (CSIRO, 1999), and
should include:

a. ldentification of pollutant
sources;

b. Actions to reduce pollution at
the sources;

c. Risk assessment prioritizing
potential issues;

d. Actions to manage and mitigate
these risks;

e. Pervious vs. Impervious Ratio
for the catchment;

f. Management of riparian
vegetation in the catchment;

g. ldentification of areas where
Best Practice stormwater
management has been
implemented (e.g. Howe
Parade) and identification
of priority areas for future
implementation;

h. Clear delineation of
responsibilities (both financial
and implementation) between
councils, agencies and water
authorities;

i. Quantifiable indicators and
continuous improvement
targets.

Recommendation 14

Ensure that consideration of climate
change adaptation and abatement is



a legal requirement as part of official
planning policy.

One simple way to do this would be
to incorporate climate considerations
into the existing STEPS process, and
then legally require all developments
to undertake a STEPS assessment.
The STEPS assessment could be

a user-friendly, comprehensive way
to address this legal requirement.
Another way to address this would be
to require all developments to submit a
‘climate change risk assessment’ with
their planning application.

Recommendation 15

Review and update building codes
to incorporate sustainable design
principles and climate change
adaptation and abatement.
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Not Likely

Code Climate Variable

MT
ET
HW
EV

IR
L
w
H
SS
MR

SLR
CS

CONSEQUENCE
Moderate High
3

High mean temperatures

Extreme temperatures (>35°C) & Higher mean temperatures

Heatwaves

High potential evaporation
Intense rainfall

Lightening

Wind gusts / wind speed
Hail storms

Storm surge

Decreased annual rainfall
Sea level rise

Cold snap

Extreme

5

Code
IR1

ET13

SLR8

IR10
SLR3
SLR4

Figure 3.1 2020 Risk Matrix

Climate variable
Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Decreased annual rainfall

Decreased annual rainfall

Extreme Consequence and High Likelihood

Higher maximum temperatures

Heatwaves

Intense rainfall

Wind gusts / wind speed
Wind gusts / wind speed
Storm surge

Decreased annual rainfall

Sea level rise

Intense rainfall
Sea level rise

Sea level rise

Extreme Consequence and Expected Likelihood

Impact Category
Built Environment

Transportation

Water

Other Services

Water
Water

Other Services

Other Services

Tourism

Built Environment
Built Environment
Tourism

Water

Other Services

High Consequence and Expected Likelihood

Transportation
Built Environment

Tourism

Impact
Increased flooding of buildings and homes
Increased flooding of roads

Increased pressure on stormwater
infrastructure

Increased requirements for stormwater
management

Decreased availability of water resources

Decreased stream flow

Increased iliness in vulnerable populations
(i.e. elderly, children, homeless people, etc.)

Increased iliness in vulnerable populations
(i.e. elderly, children, homeless people, etc.)

Beach pollution

Energy infrastructure damage
General infrastructure damage
Beach erosion

Increased water demand

Impacts on planning zones

Increased road accidents
Coastal erosion and infrastructure instability

Beach erosion
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Not Likely

Low

CONSEQUENCE

Moderate

3

Extreme Consequence and Expected Likelihood

Code
ET13
HW5

IR1
IR6
IR14

IR15

IR17

SLR3
SLR4

Extreme Consequence and High Likelihood

IR7

IR20

w3

W4

SS6
SLR1
SLR8

Climate variable

Higher maximum temperatures

Heatwaves
Intense rainfall

Intense rainfall
Intense rainfall

Intense rainfall
Intense rainfall

Storm surge

Decreased annual rainfall
Decreased annual rainfall

Decreased annual rainfall

Sea level rise

Sea level rise

Intense rainfall
Intense rainfall

Wind gusts / wind speed
Wind gusts / wind speed
Storm surge

Sea level rise

Sea level rise

Impact Category

Other Services
Other Services
Built Environment
Transportation

Water

Tourism
Other Services

Tourism

Water

Water

Water
Built Environment

Tourism

Transportation
Other Services

Built Environment
Built Environment
Transportation

Built Environment

Other Services

High Consequence and Expected Likelihood

ET12
HwW4

IR10
IR11
IR19

IR21

Higher maximum temperatures

Heatwaves
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Storm surge

Storm surge

Figure 3.2 2050 Risk Matrix

Other Services
Other Services
Transportation
Water

Other Services
Natural Environment
Built Environment

Tourism

Impact

Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)

Increased illness in vulnerable populations (i.e. elderly, children, homeless people, etc.)

High

Increased flooding of buildings and homes

Increased flooding of roads

Increased pressure on stormwater infrastructure

Beach pollution

Increased requirements for stormwater management

Beach erosion

Increased water demand

Decreased availability of water resources

Decreased stream flow

Coastal erosion and infrastructure instability

Beach erosion

Increased erosion leading to road and bridge instability

Increased pressure on emergency services

Energy infrastructure damage

General infrastructure damage

Coastal erosion and infrastructure instability

Flooding of coastal properties

Impacts on planning zones

Increased heat-related iliness
Increase in heat related illnesses

Increased road accidents
Increased pollution (i.e. sewage; litter; sediment) in Port Phillip Bay

Increased road maintenance and general clean-up requirements.

Increased soil erosion

Flooding of coastal properties

Deposition of debris on beaches

Extreme

5

MT

ET

MR

SLR
CS

Climate

Variable

High mean
temperatures

Extreme
temperatures
(>35°C) &
Higher mean
temperatures

Heatwaves

High potential
evaporation

Intense rainfall
Lightening

Wind gusts /
wind speed

Hail storms
Storm surge

Decreased
annual rainfall

Sea level rise

Cold snap
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Not Likely

Negligible
1

CONSEQUENCE

Low Moderate

2 3

Extreme Consequence and Expected Likelihood

Code

ET12

ET13

HW4

HW5

IR1

IR6

IR7

IR11

IR14

IR15

IR17

W4
sS4
SS5
SS6
MR3
MR4
SLR1
SLR3
SLR4
SLR8

Climate variable

Higher maximum
temperatures

Higher maximum
temperatures

Heatwaves

Heatwaves

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Wind gusts / wind speed

Storm surge
Storm surge

Storm surge

Decreased annual rainfall

Decreased annual rainfall

Sea level rise
Sea level rise
Sea level rise

Sea level rise

Impact Category

Other Services

Other Services

Other Services

Other Services

Built Environment

Transportation

Transportation

Water

Water

Tourism

Other Services

Built Environment
Tourism

Tourism
Transportation
Water

Water

Built Environment
Built Environment
Tourism

Other Services

Extreme Consequence and High Likelihood

Impact

Increased heat-related illness

Increased iliness in vulnerable populations
(i.e. elderly, children, homeless people, etc.)

Increase in heat related illnesses

Increased iliness in vulnerable populations
(i.e. elderly, children, homeless people, etc.)

Increased flooding of buildings and homes

Increased flooding of roads

Increased erosion leading to road and bridge
instability

Increased pollution (i.e. sewage; litter;
sediment) in Port Phillip Bay

Increased pressure on stormwater
infrastructure

Beach pollution

Increased requirements for stormwater
management

General infrastructure damage

Beach erosion

Deposition of debris on beaches

Coastal erosion and infrastructure instability
Increased water demand

Decreased availability of water resources
Flooding of coastal properties

Coastal erosion and infrastructure instability
Beach erosion

Impacts on planning zones

MT6

MT16

ET1

ET8

ET16

HW7

EV3

Higher mean temperatures

Higher mean temperatures

Extreme temperatures

(>35°C)

Higher maximum
temperatures

Higher maximum
temperatures

Heatwaves

Higher potential evaporation

Water

Other Services

Built Environment

Water

Other Services

Other Services

Water

Figure 3.3 2100 Risk Matrix

Increased water use / demand

Increased heat-related illness

Increase fire risk

Increase water use / demand

Increased demand for emergency services

Increased demand for emergency services

Increased water use / demand for gardens /
recreation areas

IR20

W3

High

Intense rainfall

Wind gusts / wind speed

Extreme

5

Other Services

Built Environment

Climate
Variable
MT High mean
temperatures
Extreme
temperatures
ET (>35°C) &
Higher mean
temperatures
HW Heatwaves
EV High pott.antlal
evaporation
IR Intense rainfall
L Lightening
Wind gusts /
w .
wind speed
H Hail storms
SS Storm surge
MR Decreasefj
annual rainfall
SLR Sea level rise
CSs Cold snap

Increased pressure on emergency services

Energy infrastructure damage

Extreme Consequence and ExpectedLikelihood

MT12

ET2

ET5

ET6

HW1

EV4

EV5

IR2
IR4
IR10

IR13

IR16

IR19

IR21

IR22

W2

SS1

SS8

MR7

Higher mean temperatures

Extreme temperatures
(>35°C)

Higher maximum
temperatures

Higher maximum
temperatures

Heatwaves
Higher potential evaporation

Higher potential evaporation

Intense rainfall
Intense rainfall

Intense rainfall
Intense rainfall
Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Wind gusts / wind speed
Storm surge

Storm surge

Decreased annual rainfall

Natural
Environment

Built Environment

Tourism

Tourism

Tourism

Built Environment
Built Environment

Built Environment
Built Environment
Transportation
Water

Tourism

Other Services

Natural
Environment

Natural
Environment

Built Environment

Built Environment

Natural
Environment

Natural
Environment

Loss of sensitive species and / or species of
conservation significance

Increase in peak energy demand

Increased number of people visiting beaches
and tourist areas

Increased attendance at festivals and outdoor
events, etc.

Decrease in outdoor tourist activity

Increased humidity and moisture stress

Thermal comfort of buildings and increased
energy use (summer)

Increase water damage from roof leaks; etc.
Stress on building materials
Increased road accidents

Increased pollution of non-potable water
resources

Decreased number of tourists

Increased road maintenance and general
clean-up requirements.

Increased soil erosion

Increased sediment transport and deposition

Indirect roof and building damage (i.e. trees
falling on buildings)

Flooding of coastal properties

Damage to coastal ecosystems

Decrease survival of water intensive species
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APPENDIX: RISK MATRICES

LIKELIHOOD

Moderate High Expected

Low

Not Likely

CONSEQUENCE
Negligible Low Moderate High
3 4

1 2

MT14

RT10

CS6

MT3

MT7

MT21

ET9

cs1

MT17

ET15
Code Climate Variable
MT High mean temperatures
ET Extreme temperatures (>35°C) & Higher mean temperatures
HW Heatwaves
EV High potential evaporation
IR Intense rainfall
L Lightening
w Wind gusts / wind speed
H Hail storms
SS Storm surge
MR Decreased annual rainfall
SLR Sea level rise
CSs Cold snap

Extreme
5
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LIKELIHOOD

LIKELIHOOD

Expected

High

Low Moderate

Not Likely

Low Moderate High Expected

Not Likely

Negligible
1

Negligible
1

Low

Low

CONSEQUENCE

Moderate
3

CONSEQUENCE

Moderate
3

High

High

Extreme
5

Extreme
5

2050
Risk
Matrix

2100
Risk
Matrix



Risk Matrices Codes

Code
MT1

MT2

MT3
MT4
MT5
MT6
MT7
MT8
MT9

MT10

MT11

MT12

MT13
MT14
MT15
MT16
MT17
MT18
MT19

MT20

MT21
ET1
ET2
ET3
ET4
ET5
ET6
ET7
ET8
ET9

ET10

ET11

ET12

ET13

ET14
ET15
ET16
HWA1
HW2
HW3
HW4

HWS

HW6
HW7
EV1

EV2
EV3
EV4
EV5

Climate variable
Higher mean temperatures

Higher mean temperatures

Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures

Higher mean temperatures
Higher mean temperatures

Higher mean temperatures

Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures
Higher mean temperatures

Higher mean temperatures

Higher mean temperatures
Extreme temperatures (>35°C)

Extreme temperatures (>35°C)
Extreme temperatures (>35°C)
Extreme temperatures (>35°C)
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures

Higher maximum temperatures
Higher maximum temperatures
Higher maximum temperatures

Heatwaves
Heatwaves
Heatwaves
Heatwaves

Heatwaves

Heatwaves

Heatwaves

Higher potential evaporation
Higher potential evaporation
Higher potential evaporation
Higher potential evaporation
Higher potential evaporation

Impact Category
Built Environment

Built Environment

Built Environment
Built Environment
Transportation
Water

Water

Tourism

Tourism

Natural Environment

Natural Environment

Natural Environment

Natural Environment
Natural Environment
Natural Environment
Other Services
Other Services
Other Services
Other Services

Other Services

Other Services

Built Environment
Built Environment
Built Environment
Transportation
Tourism

Tourism

Tourism

Water

Water

Natural Environment
Natural Environment
Other Services

Other Services

Other Services
Other Services
Other Services
Tourism
Tourism
Tourism
Other Services

Other Services

Other Services
Other Services
Water

Water

Water

Built Environment
Built Environment

Impact
Stress on building materials

Thermal comfort of buildings and increased energy use (summer)

Decreased energy use (winter)

Increased insect pest problems

Road pavement buckling and road material degradation
Increased water use / demand

Increased evapotranspiration

Increased number of people visiting beaches and tourist areas
Increased attendance at festivals and outdoor events; etc.

Decreased survival of heat sensitive / water intensive plant species

Increase weed and invasive plant growth and pest species (rodents and
insects)

Loss of sensitive species and / or species of conservation significance

Habitat and food resource loss

Change in animal breeding patterns

Change in animal activity

Increased heat-related illness

Increased spread of infectious disease

Increased demand for emergency services

Increase street cleaning / beach cleaning requirements

Increase maintenance of recreational areas (i.e. ovals; pitches; bowling
greens; etc.)

Increased use of parks and recreation areas

Increase fire risk

Increase in peak energy demand

Stress on building materials

Road pavement buckling and road material degradation
Increased number of people visiting beaches and tourist areas
Increased attendance at festivals and outdoor events, etc.
Increase tourism at indoor centres

Increase water use / demand

Increase evaporation and water loss

Change in animal activity

Decreased survival of heat sensitive / water intensive plant species
Increased heat-related illness

Increased illness in vulnerable populations (i.e. elderly, children, homeless
people, etc.)

Closure of offices on hot days / people staying home

Closure of schools on extremely hot days

Increased demand for emergency services

Decrease in outdoor tourist activity

Decreased attendance at festivals and outdoor events; etc.
Increase tourism at indoor centres

Increase in heat related illnesses

Increased illness in vulnerable populations (i.e. elderly, children, homeless
people, etc.)

Increase in certain types of criminal activity

Increased demand for emergency services

Decrease availability of water resources

Decreased runoff and stream flow

Increased water use / demand for gardens / recreation areas
Increased humidity and moisture stress

Thermal comfort of buildings and increased energy use (summer)
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Risk Matrices Codes (Cont.)

Code
EV6

EV7

IR1
IR2
IR3
IR4
IR5
IR6
IR7
IR8
IR9
IR10
IR11
IR12
IR13
IR14
IR15
IR16
IR17

IR18

IR19

IR20
IR21
IR22
IR23
L1
L2
L3
L4
W1

W2

w3
w4
W5
w6
w7
H1
H2
SS1
ss2
Ss3
Ss4
Ss5
Ss6
Ss7
Ss8
MR1
MR2
MR3
MR4
MR5

/2

Climate variable
Higher potential evaporation

Higher potential evaporation

Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall
Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall

Intense rainfall
Lightening

Lightening

Lightening

Lightening

Wind gusts / wind speed

Wind gusts / wind speed

Wind gusts / wind speed
Wind gusts / wind speed
Wind gusts / wind speed
Wind gusts / wind speed
Wind gusts / wind speed
Hail storms

Hail storms

Storm surge

Storm surge

Storm surge

Storm surge

Storm surge

Storm surge

Storm surge

Storm surge

Decreased annual rainfall
Decreased annual rainfall
Decreased annual rainfall
Decreased annual rainfall
Decreased annual rainfall

Impact Category
Natural Environment

Other Services

Built Environment
Built Environment
Built Environment
Built Environment
Built Environment
Transportation
Transportation
Transportation
Transportation
Transportation
Water

Water

Water

Water

Tourism

Tourism

Other Services

Other Services

Other Services

Other Services
Natural Environment
Natural Environment
Natural Environment
Built Environment
Built Environment
Other Services
Natural Environment
Built Environment

Built Environment

Built Environment
Built Environment
Natural Environment
Other Services
Other Services

Built Environment
Other Services

Built Environment
Built Environment
Built Environment
Tourism

Tourism
Transportation
Transportation
Natural Environment
Built Environment
Built Environment
Water

Water

Water

Impact
Decreased survival of water intensive species
Increased maintenance of recreational areas (i.e. ovals; pitches; bowling
greens; etc.)
Increased flooding of buildings and homes
Increase water damage from roof leaks; etc.
Increased mould growth
Stress on building materials
Disruption in energy and communication services / blackouts
Increased flooding of roads
Increased erosion leading to road and bridge instability
Loss of traffic signals
Landslides
Increased road accidents
Increased pollution (i.e. sewage; litter; sediment) in Port Phillip Bay
Increased pollution of potable water resources
Increased pollution of non-potable water resources
Increased pressure on stormwater infrastructure
Beach pollution
Decreased number of tourists
Increased requirements for stormwater management

Increased illness (i.e. ‘sick building syndrome’) resulting from mould growth

Increased road maintenance and general clean-up requirements.

Increased pressure on emergency services

Increased soil erosion

Increased sediment transport and deposition

Loss of vegetation and some animals

Disruption in energy and communication services / blackouts
Building damage

Increased demand for emergency services

Tree damage

Direct roof and building damage

Indirect roof and building damage (i.e. trees falling on buildings)

Energy infrastructure damage

General infrastructure damage

Tree damage (including Heritage Trees)
Increased demand for emergency services
Increased maintenance and clean-up
Building and roof damage

Increased human injury and demand for emergency services
Flooding of coastal properties

Impacts of salt (sea spray) on buildings
Coastal erosion and infrastructure instability
Beach erosion

Deposition of debris on beaches

Coastal erosion and infrastructure instability
Loss of bike trails and coastal roads
Damage to coastal ecosystems

Moisture stress

Stress on building materials

Increased water demand

Decreased availability of water resources
Decreased stream flow



Risk Matrices Codes (Cont.)

Code
MR6
MR7
MR8

MR9

MR10

SLR1
SLR2
SLR3
SLR4
SLR5
SLR6
SLR7
SLR8
CS1
CS2
CS3
CS4

CS5

CS6

Climate variable
Decreased annual rainfall
Decreased annual rainfall
Decreased annual rainfall

Decreased annual rainfall

Decreased annual rainfall

Sea level rise
Sea level rise
Sea level rise
Sea level rise
Sea level rise
Sea level rise
Sea level rise
Sea level rise
Cold snap
Cold snap
Cold snap
Cold snap

Cold snap

Cold snap

Impact Category
Water
Natural Environment
Natural Environment

Natural Environment

Other Services

Built Environment
Built Environment
Built Environment
Tourism

Tourism
Transportation
Transportation
Other Services
Other Services
Built Environment
Built Environment
Transportation

Other services

Natural Environment

Impact
Decreased water quality
Decrease survival of water intensive species
Salt water incursion into wetlands

Loss of sensitive species and / or species of conservation significance

Increased maintenance of recreational areas (i.e. ovals; pitches; bowling
greens; etc.)

Flooding of coastal properties

Impacts of salt (sea spray) on buildings
Coastal erosion and infrastructure instability
Beach erosion

Loss of tourist destinations

Loss of roads

Damage to bike trails and coastal roads
Impacts on planning zones

Increased peak energy demand for heating
Damage to building materials

Damage to roads and bridges

Increased road accidents

Increased illness in vulnerable populations (i.e. elderly, homeless and
mentally infirm)

Decreased survival of cold-sensitive plant species
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